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2~EWEnlo] 2 oW 2" ] 2 (Streptomyces avermitilis) 5ol A,

29 19 2 (aveAl) 9] Huujolxl AAF F2] Auuto]al
A2 milAl) 2] x3}; 2
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ohMlHE S S
BFe FHse E i
PN BTHE LI FAATOIS BYEL 3 FAAaveld) B o] AR WO B
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e
Jlnkol ) YA S ek EelA ol

Fol| A A 30 FAAHMiI1A3) EE ol dR= X3,
ANxd ~ESIErtolAl 2 opd2u|g e s 5,

AT 2

A1gel Ao, 7] aveA3 FAAE] AF7F Wuulolal A FF] milA3 FHAY] AR Agd A,
aveA3 FAA F Holk BE 7 Y FHA EE BE 79 DH (dehydratase) =<l 39 FdA7F duujo]al

A 9 milA3 frEAbe)

=3
LN 42 == 2E 79 DH (dehydratase) =wWel % ER (Enoyl
reductase) =MQl IY FHAAZ A =

Azg ~EFEvtol s ofvEnga) s #5
7% 3

A2dkoll Q1A , A7) aveAs AR AR} Wuujo] Al WAL F329] pilA3 SR AdRw sE AL,
(i) aveA3 &A= =
Az @ AP Ewel ]
milA3 §AA 25 7 34 8129 K o)
AP =Hll BY fAAR o] Folzl FollA AMeEe s ojgow A A;
(ii) aveA3 FHAe] ®=E 8 ¥ REE 99 LulE F ol o] 39 Fxx7b dujutelal Aak 59
milA3 F¥24e] BE 8 o D% 99] TS = ) o]Ate] =Y SRR XFH A; w

(iii) A () B (i) =%

A1 A A3F T o= & gl glolA, 7] "umtoldl A #FEE 2EF
(Streptomyces milbemycinicus), ZEZIERfo]AlZ Aol Q1] 4§~ o}
cyaneogriseus subsp. Noncyanogenus), ~ESIEnfolA A dzbAIAl 2~ (Streptomyces nanchangensis), =& XE
A Ento] Al HAMAA| A (Streptomyces bingchenggensis)?l, MZg AEHREnlo|A A ol EnEa] s A5,

| Enjo] A2 Huufo] Al T2~
=Alo} = Al =2~ (Streptomyces

3AT% 5

Fi mulntelal A3, Wulnteldl A4, Wuimteldl q
DR o]Fod Tl A HEHE 1% ol4te] Wirlo]2le A

2, Wwofol 2l ad, Wwlpfol4l G, @ Walufo] 4]
S A9, ARG SEYErRe A ohuZr|EY 2 7,
A7% 6

ALFel Qe1A, 47 AxF 2EFEvelA2 opHlEv Y s FHE SE

| =rpol Al 2~ opd 2w 2]~ DBM-
03-A ¥ (FE S KCTC12890BP) 1, M%7 ~ER|Entol A2 oMl 2n|ge] 2 5
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AT 7

Aol oA, A7l AT ~EfEvlolAdx ofiEn|di| s 43 ~EFERlo| M2 olw|2rElE] 2~ DBM-
03-B (€& KCTC12891BP) 21, Az2E A~EFEnlolH X o 2ujda s A5,

AT 8

Aol ojA, A7l AZF 2EEvlolAx olWE2udi|s e 2EFERIO| M A ol Z2u"lE] 2 DBM-
03-C #F (=B & KCTC13083BP)Q), AZE ~ERNEnto|Alx ol 2r|d] s FF,

A4 9

~E#AEnto) Al ofH|2u|dE 2~ FFoA, aveAl FAA7F dHulo]al AL FF9] milAlRe] X3

22,23-t]3lo]| E2-25-0] A X 2 F-olu| el (22, 23-dihydro-25-isopropyl-avermectin), 5-HEA]|-22, 23-t]3}o]=
Z-25-v e -o}l W9 & (5-methoxy—22, 23-dihydro-25-methyl-avermectin), 5-W&A]-22,23-t]d}o]=2-25-o&-o}
A€l (5-methoxy—22,23-dihydro-25-ethyl-avermectin) % 5-W&5A]-22,23-t]d}o] =2-25-0] AT 2 H-o}lHH &l
(5-methoxy—22,23-dihydro-25-isopropyl-avermectin) &2 o] Fo]x tollA MEIE = 1% o] ofydE {5
A& A=,

Az 2EFEviolA s oppavd s #5,
37% 10

A9l hojA, B7] Axd 2EQEvto|A A opflErde s dFe, AEFEvo|AA oW 2w d] 2 DBM-
01 #F(FEHAS KCIC12889BP) 1, Ax3 A~EFErfojA|lx opw|2n|de]x #5,

(1) 2ol al Ak #5=e] duupoldl S Fdsh= EdAEtel= ddaae] 11 Fd4milAD; 2

(2) Dujviol il Ak o] uupoldl A& FAshs el E a0 3 A mi1A3) ] A ¥
[e)

ALzgel QoiA, Teom olFelzl oA AuE st olde Fhw Egek AxF WH:

Wulo] Al AR 7] milA3e] EE 79 KS EH|¢l, AT Z=wel, KR Z=w¢l, W ACP Z=u|¢l Foi] Aelg 3
o oo]idel 39 {AA}

wwelo] 2l A #39 nilA3Y BEE 89 IYW $AA E: BE 89 EdeE & ) o4y 3Y §HA;

Auujol Al AAF #F=o] milAl FAX};

fufol Al *M_P #59 milA3 FH2 o 2E 79 DH E=WlIFE RE 99 KR =vi7bAe] 99 w9
= milA3 A A5

g 2gete, Az W,
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A3 15

A1 WA A48 5 o= 3k o lojx, 7] Huulo]il At e 2ESIEnfo| A2 dulo] AU
(Streptomyces milbemycinicus), ZEZFEwFO[M2 Alopy| @ 18] A2 ofd:  =AJol-Al 2 (Streptomyces

cyaneogriseus subsp. noncyanogenus), Z=EZEwnlo]MA WA 2 (Streptomyces nanchangensis) e 2E

FErfol A2~ WAHAA 2(Streptomyces bingchenggensis)Ql, Axd 9H.
373 16
A1 WA A3 B AeF WA A8F T ol I o A AESEvfolAL oplEvd s #FE EF

shz, Wulvholdl Yikg 2HE.

AT 17
A WA A3 2 A6 WA A8 F o= & o] AxF AEFHEvlolAs oiWEm A FFE WY
} A, 2

= 9AE x§sh=,

7] Wl #F e #Fe] PR vt g £53
e

sh7lol Al MEE = opdEl §=A] e o] ¢
5-M 5 A]-22,23-t] 50| = 2 -25-H| &l o} ¥ W ¥l (5-methoxy-22, 23-dihydro-25-methyl-avermectin), %

5-H| &5 A]-22,23-t] 5}o]| = 2 -25-of| & -o} ¥ W ¥l (5-methoxy-22, 23-dihydro-25-ethyl-avermect in) .

A3 19
A9 T A0 T o= T Fdo AR AEHEvoM A opEnEI A FF Ee AV F59 wYE;
F=

A18Fe] opuHd Fr=A HE= ol ¢

g Edshs, s W

7l & £ oF

Huletel & NS AxF AEJEnkol A olu| 2L A(Streptonyces avermitilis) #F B 0% ol
g wuekol Al A Wl AlFE

g7 e

Wulo] Al (Milbemycin) S  AE=:NEufo|A|A o] a2 AFyFT A ofd ol oatan 42 (Streptomyces
hygroscopicus subsp. aureolacrimosus; Z~EZEB}o|AM|~ Huulo) A UF A~ (Streptomyces milbemycinicus)
(NRRL5739 B DM 4191t A3h), 2EfEwlolszs Aol el $-2 ofd Aol lrx
(Streptomyces  cyaneogriseus  subsp.  noncyanogenus), 2EdEnlo)l 2 WFFA A 2 (Streptomyces
nanchangensis) T 2~E#@Enlol M WAAA(Streptomyces bingchenggensis)s O Z5-E AatsE Z g7
Elo]= ADe] 16-U% viametel= SjtERA v FEe] AETA, 3 AR v 2 sEQ
F 22 AEsEA 9

ekl Ao gl Al ol AWM E (milbemectin)- o}l 18T Fe FRIEA, duuto]al Ay o Wwnteo]al
AZF oF 30:70 HlE R EFE A= FEjolrt,
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wh

Compound ‘ R
Milbemycin A; CH;
Milbemycin A, CH,CH;

Milbemectin

o] 9olx, "ujufolal AdzA FDuHAel 3184 GE=AQ HHYNE (Lepimectin)o] AEZAZA o] &=
o, % O—F%P_ A waalo]l Al A (Milbemycin Oxime) ¥ W]mFe) el (Nemadectin) @] 3482 FE=A1¢1 ZA)d

sk, oW W el (Avermectin)-2 dwlulol Az} o] WElA HFAZ EFEY, 2EREnfo|A 2 o 2w EE] 2
(Streptomyces avermitilis) S L2XE AiEE ZoAlgtol= AEe 16-93t mjazeto]l= 3¢ Eo|t}. o]&
= olW|#El Bla%} oluEl Blb% SEE2 oMl " (Abamect in) 224 &l ol digt AFAZ, oluHE

gtetz fFmAel dmldlel Wl Fo|o]E(Emamectin benzoate): W So ok AEA] AEoRE AMgY L
Rom,  FEFoEA  opHEel  slshd AETH  FEAQD  o|HHEI(Ivermectin), EE}HE

(Doramectin), AAe}A €l (Selamectin), o Z#]>=9e (Eprinomectin) So| Agstso]l g},

sESErbol A2 o ZulElelse] ohuluEl AMAS AT Asel TSI EAMoly, Edx
(transposon) EAWOIYH Fo] AL om olF g&Ho= ~38dsl7] f3 nHadHol
[Tkeda et al. 1993; Weaden and Dyson 1998; Gao et al. 2010; Gao et al. 2010; Wang et al. 2010]. =&,
AHFFS Fo FAAE AARAY BuUs] GAAS ZAAYIE AT HBHOR WHAcHDuong et
1. 2009; Li et al. 2010; Zhuo et al. 2010; Qiu et al. 2011; He et al. 2014; Liu et al. 2015]. oAt}
SEYEOAZ SNSRI U EATY FAE Soon T 24e 48T + 9
WSl A FARAYAAH S Fa B gyl iy #F2 st QY [lkeda et al. 2014]. T3k, of
Wel A9 WA omel 49A Watel olfAw slof e Ak ~EEoeld s 2
27) AdAFEA B §Ed Ao® AR .

Yrnloe]Ale] QYA ~EREulolA 2 & &HbE AlTS vk,
duulol il s HAZFE 7] ul2 FET &, dojxl 54 IFES
of3] AL Jrt. F LHluto]ile] Akl #Ae VewES HATHEA,
AEnlo] Ml Aulo) YT (Streptomyces milbemycinicus)7F AH|ufo]
A Bl M VEs T A el Zulvteldle] AAE Al
w5 ol&ste] Duvlolils dFAN & o wEgx o && Ah
Zol B, e 759 IS FAATIE Aol AHs| o
Iwamatu. 1997; Ide et al.1993]. T3t 7] d59 Hulnteolals EUPO]HV\ m"ﬂﬂ Al 2= A
24 FHAQ nsdA2] 2HAE Fsle] Auulolal Ade] A ES FAAIA 7} 93i[Wang et al. 2009],
2EREulo] 2 WAAA 2 A nilDE AAIStY Wulelo]dl A3/Ade] IS FAAIH TS Havb
[Zhang et al. 2013].
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HA] HE T

271 BAE A g shubel WetogA, . HAAA =, oW (avermectin) ¥ HH|wlo] Al
(milbemycin)®] #EAFZ7F wfg- FAMEL o5& Ailste ZEAEl= a9 EE(module) B =HQl
(domain)®] o] FARglel <Aste] ofuldHel ALY 59 OPHP”“E‘ P4 EZEAEelE FHEAE EW
ulo] 4l g EE|AEelE FAPE AR HEstoRA nALd el duntolal AT E Al ZelE V=] Al
o (&= 18a-18d #=x).

Sbel e, R wme opwuEle] wA FFoIA ohulHE A A AN Wwjnkeldl A2 &
Aw Adele] Aol Axg vATd B AT, A7) AxF vATS Hwslo] =

sqom 2= A9 4 U,

o
R
ol
o
il
o,

% 18a-18ce= opH R Wuulo]ile] #EApgE Apo] B ol fetE A A % i
= 18dE WHlulolxl ZEgAElel= FA AL FHARE (gene cluster)d} oW el Z2]7) a2
Hlalsle] Holfe agleo|th, & 18a-18delA, 7 A2 ZH7 =dQls dEhiM, 7+ =HjleR
3 gg e 247t t)e-o] 4S8 zhi=t) (AT: oldEdAdelA] (Acyltransferase), KS: A& —OH%_‘
&4 (ketosynthase), KR: AE-o}a7] 3984 (ketoreductase), DH: B4 &4 (dehydratase),
da4 (enoyl reductase), ACP: ofd7] WA (Acyl Carrier Protein), TE: EL‘?_Ol Z~E] A
(Thioesterase)). Ztzte] A FEAE RER TAYI 2t RES SvdE52 FAEY, FHEL FAA4Ee =
329 FARER 74HH, 74 BE 29 a4 =6dl 29 fAAER A"

Z 25 o] 7+ =& KS Z=MQE AlZste] ACP Cuﬂ‘ﬂoi Bue SAZ wgE ¢ Ao (a0, N-
ol A C-gd Wdo 2 (KS)-(AT)-(DH %/HE= KR; in any order)-(ACP) A2 wl4d, milA3e] BE 79

KS)-(AT)-(DH)-(ER)-(KR)-(ACP) &A1= uj&]. UE]HﬂU]'O] 2 ol ZE|AlEtol= a4 EE 10
o] KR =Sl E Aol = Aol #ojstA gkom, dulo]al Z Aol Fa4 EE 119 KR =4I
7 ol W el EE|AEtolE FH AL EE 79 DH =vde #FAdo] §ltt.

% 18a-18d1 M & & QUFol, ohiEElzt Wlntol o] A PRI vl fAREaL, ohuluE EelAetels
Haa FARE kel BeAetels FARA FAATE T Tl S fAsH,

T Shehe (b s} duutolal) o] el 1ol Aboli= thel 7]R1g

—~

r°"
5

1) EAEtel= a0 loading BES AT 7|A 5ol zto]l= duntol4l &4 9] loading EES]
% acetyl-CoA®} propionyl-CoAS & 7|E2 Arg3stz, opdel XG40 loading EES H
isobutyryl-CoA®} 2-methylbutanoyl-CoAE F87IA=E AME3tal oA, F FFES 7 @A 25WH A
Hol e B4 A& dort gebxith

Al
L
i

2) F 3gEe] @A 22-239 #4A%e 7 a4 BE 29 Al A o8 AAH], DH-KR =
WS zhe opnd | ZEjAlgtols a4 BE 29 49 ol A Ee -0 2¥S Ak v, DH-ER-
KR =m]1E zhe dulnfolsl ZEj7lElolE a4 BE 28 WdZ4TES At

3) ¥ 3o a9z 139 0079 AAL 7 A EAe BE 79 m=Hl P4 ottt opwHE Zg
Aetol= FAFA A9 KR =dlut 2Z83te] -0H7F A HAW, dujulo]dl Za|AEto|= FHE A A
DH-ER-KR T=wQlo] lo] A TdZAde] Fejrt A€t

271 & 71xste], ofWdE A HFE Hulnloldl A HFE AFA7)7] fste] ArHoR Has F
28] THduke Aoz A3st 4= olrh, B yAlAAE T A3 &4 FA HAEE g,
-3 BE B 5dd g9E duste] A3s A=

2, aveA3®} milA39] 7153 Aol= EE 79 DH (dehydratase) ¢ ER (Enoyl reductase) &4
Z3 o] Fo o]&d 4 9t} aveA3e] RES DH =ML zta gxgk &Ado] glE W, nilA3E &
Zh= =S ¥}, o]Qlof, aveA3d] RE 83 RE 9+ milA39e EE8¥ EE 99

]

A WA AR 715s Zer mebA, 71e A SES sk, HAS aveA3e] BE 7 329 fFHA T
DH Z=wel = = nilA3e] BRE7 FY FAA Fo] DH-ER =Wl Id FHAAZE XA o2 ol
Jo

%_
A A EYE D Qv e, EeEels a2 Al aael 3
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of gl JE a8 o3l FAdo] 2EE= Fo] v FR3H7] witddl, @egh EWQl X3kl o5t A 4
AE G HAAE WA fste], EE w9 (dxid], BEE 7)E ASEAY, e oA A EHd o]9
o] HA3 =vQl e BRES F/IE AFgE 4 Iy

A oA, ~EEnlo| M2 oW Zu|E e A~ (Streptomyces avermitilis) oA,

ofaH el APAAE Fdste ZEElE FAEA FHATY 1M fFHA(aveAl; AW, Streptomyces
avermitilis MA-46802] aveAl A=} (GeneBank Accession number AB032367.12] 101WH#|H-E] 12019 & 712 2]
ZelEd QEtol= FOI(DNA ME: AEHS 66: obril Ad (BAAR44TA.1): MEWE 67)) 5)7F HHnte]
20 AL o] whetolal A S Fdste YAl A AT 1M AR mIIADE X3

MUY RS FAske Bl GRS AR 30 FAA (avedd)S] AF EE YL Dot
oA A FROIA Wilvtol AL FAE FeAlE FHRA AT W FA4 (ilA3)e] A
BoEE QYR A8,

oz

aveA3 AH-7} milA3e] 482 X&H S, aveAl (dAAW, Streptomyces avermitilis MA-46802] aveA3
2] Aol BE 7 Y FAAY AR EE dF (% DH =dQl ZY FHAAE x3H)7F duwfo]al
oA datolxl AFAAES st ZEAEllE AL FHATY 3W FHAX (nilA3)Y] EE 7
2k =

AR e AR
FOAE B2 ARE AL AV F 9k

-
B

ofl oft > M N

HI Kooz Jo

oA, A7) aveA3:E GeneBank Accession number AB032367.19] 33436WA|5-E] 50034 A 744 o] Za]wEd L
Elo]= HQJ(DNA A g: <95 71 (polyketide synthase gene cluster (AB032367.1)2] 33436 A 5-E 50034
HA7IA] o] Z2]7Fd QElo]= §-9]); olniAl M (BAA84478.1): A EHE 72 (Module 7: 38HAF-E 1841
7tA ZEME = Module 8@ 1862 WHAINRE 36417FA ZZFE=; MNodule 9: 3660 55154387}
ZME=; module 72] DH domain: 976WHAF-E 1148HA71A] ZZHE=))d 4= 9o, A7) aveA3e] dF+=
ol TE 7 (BAA84478.1 (M EWE 72)9] 35WHAFE 184194 == 38HANE 1841HA 77X o H9)e] =
9 AR AR e dY (Ho% DH (dehydratase) =l (BAA84478.1 (MW E 72)9 976 A F-E 1148

HA7EA o] F-9) ] 12" FAAE 23S v ¢ o

aveh3 AR 7 ®E, mded @ oe 9 fAdE fgaelE
o)

= =i
(http://www.ncbi.nlm.nih.gov/protein/5902891)& E3slo] WeslA EAH3 = ).

471 Ax 2EFEvolA| A opfjEv|d s 5= UHvpolile] mE S AN A4S 2t Ad & A

ZEAElE FAas oA =HRl, EE, 9/%e dwlFe] wol(ddd], A3) A, 74 95 ¢35}
T frdAE d43te docking FEEe] duAgo] Y Y AEelE A ELY AA4H Edd we- Fa3)t
t}. 53] KS (ketosynthase) =w|Sl, AT (acyltransferase) =™|¢l, DH (dehydratase), ER (enoylreductase)
Emel, KR (ketoreductase) =w|®l, ACP (acyl carrier protein) =W¢l & X33l= BTaALE X33
ZEAElE FhaA (BT EYES =g C-Ed WEFe R A7) 71A EAdE gXste AY F
ATh el A, ZzF BE9] KS¢ AT+ upstream®] ACPS} A& #-&3trh. o|& e w), ofwdd Ze|7Eto|= 3
Aaio] AA HAE AElA, aveAd3 FHAS] AHTF milA3 FAAe] dFE X3 Al X|Fhe] ol (7]
AEe] A 7F FasA e E oo gt

7] milA3 frdate] IR XZEE aveAd AR dFE Aok BE 79 WE EE 4 (Hox DH &Y
s ¥3he I FAAE X F 3o, o]F X milA3 FHAe dRE Hojxm BE 79 HAFE e
AR (Holm= DH Tl 9 ER =dlS 23D 29 FHAE 2FF F At

aveA3 A} ARE Aunto]al AA FFo] milA3 FAA] ARE X3E A aveA3 FAAY] N-Td =
5o 2 C-ud =19 3 Hate], 2E 79 KS (KS7), BE 79 AT Lwlel (AT7), 2/%
EE 99 ACP =9l (ACP9)o] I AR F-950] opaldd Ze|7lelo|= A G (aveA3 A9 7]
Hele] 79 32 RAER REHES F43 X 3o] dojd & Tt

oZAd], aveA3 AR ¥ X F
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(a) aveAd FAA F Hojx EE
o)Al AL #F] milA3 FHAY BE 7 Y FHA EE
reductase) EHQl IY FHAXE X SE AL} EE=

DH (dehydratase) =w¢l F9 FA=7} v}
5 79 DH (dehydratase) =m <l % ER (enoyl

ﬂ
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rir
td
el
3
m —

(b) 7] (a) A%l Hsto], t&s F7t2 £3sh= AFd 5 ok

(i) aveA3 Fx=te] ®E 7 39 Fx2 F¢ DH =l 29 FAAE Ad vA] =Hdl T skt o]
29 FAA (edd, KS =r] 29 FAA, AT =69l 29§32, KR =l 29 a2 32 ACP =r<l
A FAAE o] FofX ellA AdeE skt ol el fAb) el "uHviold At #Fol milA3 frAke] EE 7
A9 A T DH =l R OER =S Al yeA] meQl g sy ol A9 Ak (AW, KS =
el #Y ARk, AT =rlQl 29 2k, KR =vQl 519 F42F 2ACP =l 29 AR o] Fojxl
A dEE sk o) e A8

(ii) aveA3 HFHdx}e] BE 8 % EE 99 Lv
milA3 &A= BE 8 2 BE 99 EHdE & 3}

o

5 % sh o

REECE SIS

o
o
K
ol
Jo
rN
>
o,
r g
=z
=
S
2,
0%
2
=X
N
1o,

T
(e}

(iii) A () B (i) =37

UA AT aveA %xﬁ}g] HAE7F milAl frzke] AR X3 “‘/EE‘: aveAS FAAFel AF Ee A5t
milA3 F3zke] AR wE AR X3H FFE, aveAl F/EE aveAd F3AMe] FAAL X138 R9jo) N-T
/BEw -8 docking FE ZH FH7F REHO e AL F Uvh. F, aveAl FAA] AETF milAl
ko] ARZ A W/E= aveAd FFAARY] AR T ARV milA3 AR AR B dRE AdE 7T,
aveAl /I aveA3 vdl}«] AR 28 99 upstream H/EE downstream GG AEAS A= F
2 7] A=) milAl FAR L/EE nilA3 AR AR e dio ox 3 Ud e % T
29 FeE x2Fe vk ol FsAS e B9 B2 AT A Y

A

H H =
FEAES e FAA At 90% o], 95% o, HE 98% oY FIAS M-S omgtt.

,d
T ol

N
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oZ:
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N
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185 80l "Docking 4" EAEels FHEAE =
Zolzletol= @A O WAl FAEaste] @

o B4 AEA G799 BAS W9 S4ol 7

o

E_1m

o do oo
fu i

e e

[e}

ol
-

T o = o

A7) ddalo]l Al A FFE AEZEnfolAls Wuulo] AL (Streptomyces milbemycinicus) (milAl &2
A AERE 705 milA3 FrAA AEWE 73 milA3 @A IS 74 (BAAB4478.1) (Module 7: 34R1A) %
B 2139 WHAZIA ZYWEI=; Module 8: 2163HAMFE 3927HA 714 ZZ]FEI=; Module 9: 39514 5E]
5731 HA7LA] Z2]HWE]=: DH-ER domain in module 7: 953WHAH-¥] 1775 HA7IX ZZHAE]= (DH domain in
module 7: 953HAFE 1129 HA7ZIA Z2]HWE =; ER domain in module 7: 1497 WHAYE 1775 HA7IA 27
AN =))), 2EIAEnfolAA Alofd| Q18 M-~ ofd Aol Al (Streptomyces cyaneogriseus subsp.
Noncyanogenus; <A, Accession no. CP010849) 2E=Enlol Al 2~ WZHAIA| 2~ (Streptomyces nanchangensis;
o], Accession no. FJ952082; milAl A (Meilingmycin®] milbemycin®} 27} fAFSIAL 7]5°] &Y
dto], B WM E meiAlel milAlS BUE ouz AREEH: MAHE 69; milA3 FAAH(E A=
meiA39} milA3S ELE o E AFE3H): A EWMSE 75 (GenBank: FJ952082 Sequence %99 78606% A H-E] 96074
HA7EA] T2 LE =) milA3 @A AIRE 76 (Module 7: 39WAIF-E[2143 ®A7ZIA] FEHE =,
Module 8: 2166WHAIFE 3931 WA7ZA] ZFEI=; Module 9: 3952WAHEl 5734 WHAZA ZE|FE=;
Module 72] DH-ER didomain 957HAH-E 2143 HAZFA ZE]HEI= (Module 72 DH domain: 957HAH-E 1133
HAZA] Z2HE=; B35 79 ER domain: 1501WHA1R-E 1779 AA7EA] ZFPE|=))) e 2EFEvRo]A 2~
H A A A 2~ (Streptomyces bingchenggensis; 7AW, Accession no. CP002047.1; milAl F&=F: ALWHS 68;
milA3 FAxk: JDHT 77 (Accession no. CP002047.1 % 1063754::1081234 (FAA7} 3'=>5" ©]o] A reverse
complement seqE 7]AE)); ©wlA: AWM E 78 (Genbank Accession No. ADI03854; Module 7: 35::2150,
Module 8: 2173::3938, Module 9: 3990::5738, DH-ER didomain in module 7: 950::1772 (DH domain:
950::1126; ER domain: 1494::1772)))Y & A

o= FAd 2, A7) AT #5E uufolAl A3, WunfolAl A4, HwnfolAl @2, Wuulolal g4 2L L n}
oAl G 2 o]Fojd oA AMEE = 15 oAkl wUHmlolAlS A 4= gl

g2 FAdE, A7 AxF 755 2EFErfolAx o 2ndE] A DBM-03-A ¥ (FE S KCTC12890BP),
2~EfEnlo] M2~ oW 2u|Ee] 2 DBM-03-B #= (585 KCTC12891BP), % A~EF|Ento] A~ ol 2n|Eg] X~

_10_



[0054]

[0055]

[0056]

[0057]

[0058]

[0059]

[0060]

[0061]

[0062]

[0063]

[0064]

[0065]

[0066]

ZIHSd 10-2017-0035346

Ki
e FEHEA, ok Aid ddvlold ARAE st ZedEelE ddE A FAA milAl 2 milA3e] A

H H 1
Y A B 2w 79 DH-ER =vQl 29 FAAE £3HE Fietes Ax

P OEE A% (¥ BE 7 = 4 %
MEE AU SFAL (AU, 2ENEviol A2 opuErgel 2ok ge ohlHy Ay FF) EsE @
T v (AR, AzF 2EAEvAs ohlzmRes FF)Y Ax WHE

ol Alzd Az A= A7 A2 HEF EdEA @ mAed vaste] dvlelils A
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71 Axg SEFEvolAl A o EndEl s JF) Ee A
&

E shvbe] e, 47) ARG MRS o §8 Wulntel 2 AL W] AlFH),

FANZ, B owge 37 AzY ~EAErtelds opmdY s FFE WS WA, % Y] W 7
F b @R MGREYY Wil FEE WAE Zeshs, Welstelde A Wl #a 2
|tk

-

shupe] FEl=A, B AESEvtolML obM| v E e A (Streptomyces avermitilis) oA o]
:\‘E

,
BEHE SRS

gl gAEtel s FH a0 1H FHA(aveAl)7F dulmfol il AE 572 dHwtolal A7t
A4S s ZYAEols dAEL 1H FAAMIIADE XEEw | 22,23-T]3}0] = 2-25-0] A~ X 2o}y
W&l (22, 23-dihydro-25-isopropyl-avermectin), 5-w| EA]-22, 23-t] 3} o] = 2 -25-1| &l -o}H| @ &l (5-me t hoxy-
22,23-dihydro-25-methyl-avermectin), 5-H| EA]-22,23-T] 3} o] = 2 -25-of & -o} ]| = & (5-methoxy—22, 23~

dihydro-25-ethyl-avermectin) =2 5-m| E-A]-22,23-T] 8}o] = 2 -25-0| A 2 H-o} ¥ W El (5-methoxy-22, 23—
dihydro-25-isopropyl-avermectin) 2.2 o]Fo]Z oA AEH = 15 o] olHe FEAE Aiste= Az
3 2ESIEulolAl 2 o En|d |2 o] #ASE Flojth. oY), V] AxF EfEnfol A ol 2nE

Y& fFe oA AEE nilAlS 23ee A HEE ARESHe] Al AL 5 U

TA Gz, A7) AxF 2EJEvt|AA ohiland s fF=, 2EQErolA 2 ojw2vEe] 2 DBI-01 i
T(FEW 5 KCTC12889BP) U 4= it

T Shte] YHIEZA, B W2 Sy AdEEE, ofHE f2A EE ol9 el @k Aot 5-wEA]-
22,23-t]slo] 2 -25-m & -o}ul| @ Bl (5-methoxy-22, 23—-dihydro-25-methyl-avermect in) B+ o] &,
A)-22,23-t]8}o] &= 2 -25-0f| &l o} W €l (5-met hoxy-22, 23-dihydro-25-ethyl-avermect in) T o] 9.

= shvbe] FElEAl, Bowme 4] opilEe fEA Ex oold] 9] 4E wEAl U/EE FRo|FEOZAY

~E#AEnfol Al a ol En|d | aes oW R S A FFRA, I dE+s, S avermitilis SA-01 #F, S.
avermitilis MA-4680 T(NCBI S=wW3: NC_003155.4), S. avermitilis 76-02-e w5 (He et al. 2014), S.
avermitilis 14-12A 5 (Gao et al. 2009), S. avermitilis 3-115 @F(Gao et al. 2010) 5& & & o1},
olol AlgtE= FH oft},

2EfEuloldl2 ol En|Eg A= odWHES AJASY] 91$ PKS Z#] 2~ (Polyketide synthase gene
cluster; ZgAElol= A AL FHA FH2H)ZHE AU F4AFS Egsta Aok, A7) opd9 el PKS
AATE aveAl, aveA2, aveA3 D aveAd FHAE X35l Qon | aveAl FAXE 2Y REY 2E (¥ B2

5 29, aveA2 F--A= BE 3 WA EE 69, aveAd FHAE EE 7 YR BEE 9, aveMd FAAE= EE 10
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WU 2E 2ds

Yuelo] Al ALt A
Aot @18 Alg-2~ o}
GZERNA| 2~ (Streptomyces nanchangensis) Wi 2EFEvlol Al WIAAA| 2 (Streptomyces bingchenggensis)E
xEep, old AgEE AL ofutt. ZEYERfoIAL Fo] AR AT ofdk o} Bt A RF AR E,
~EEnlol Al Aulol AU (Streptomyces milbemycinicus) NRRL 5739 ©#F3 AR&3 4= glo}, o]q
AgtE = 3 ofyt}.

L =
Eofskal 9lal, 7F BE

rlo
ol

Fol =HQIEE FAE o] ATt

2~EZEnlo| M2 AHulol A\ YT 2 (Streptomyces milbemycinicus), Z~EZFEnfo] A2
=Alo = Al =2~ (Streptomyces cyaneogriseus sp. Noncyanogenus), Z~E I Eulo]x]2

rlr [

Ip

Aujolal b w5 dHuto]al& ALEsHY] 918 PKS S8 2H FHATS 2sta ). 7] dwulo] il
PKS AR wte] AL ol |E PKS FA Ao A AR, milAl, milA2, milA3 2 milM FHAXE X
deta lom, ZF fFHAe EE R Sk ElER FAE] At

We obilWe A FFQ AEMEvl A ohlZrEel sl avedl F34, ol gt Aulptolal
A EE] milAl fAAE ABADOEM ZEFErtolA opu2ulde s Ve selne= PKS fA47H
IHAES S, 3] sholnels PKS & TS AxY SEJEvields operdels #77b

™

ohilEE FEASE AN F S Fes,

271 Az 2EPEntolAls opn|2w|de s w57t MRSk ofHEY e AE, 22,23-H8lo] ER-25-0] &
X2 F-obu| ¥ el (22, 23-dihydro-25-isopropyl-avermectin), 5-W E-A]-22,23-t] 5} 0| = 2 -25-H| & o} | d El (5-
methoxy-22,23-dihydro-25-methyl-avermectin), 5-m| E-A]-22,23-T] 8} o] = 2 -25-0f| & -o}H] @ €] (5-met hoxy—
22,23-dihydro-25-ethyl-avermectin) % 5-W|EA]-22,23-t]3}o| =& -25-0| A X & Z-o}u| A&l (5-methoxy—-22, 23—
dihydro-25-isopropyl-avermectin) &.& ©]Fojxl Tl HEE & 15 o4& xgheltt.

w3l o] ol A 5-H| & A]-22,23-t] 5}o]| = 2-25-| & -o} | W &l (5-methoxy—22, 23-dihydro-25-methyl-
avermectin), 5-H|EA]-22,23-T]35}o] =2 -25-o &-o}¥| &l (5-methoxy-22,23-dihydro-25-ethyl-avermect in)-<
T FE5H IF=E dolgwlol oA HAEA e Ak sEEde]l YA, ol Al opHEl f=
AES A4F H3A 9/Ev s29dF &85 284 F o, F9 /s oA fFEAsEs AT +
ATt

02 o2, ~EdEvlo)A~ oW 2ulEd] ~(Streptomyces avermitilis)®] aveAl +AX 7} Auufo]l il AL +F
T milAl FAAe] AE = dFEZE XYY, opHE fFEAES Aiste AFRT 2EfEulo] A2 ofH|
zrjggl s #E7F AlFEo).

o2 d2, 5-"5A]-22,23-ts}o| = 2-25-H| e -olH W ¥l (5-methoxy-22, 23-dihydro-25-methyl-avermectin) I
ol9] 4, 5-ul5FA]-22,23-1 3] =225~ d-o}W| W &l (5-methoxy-22,23-dihydro-25-ethyl-avermectin) I
ol9] &, 4 ol& SFEEY AE HIoA L/EE EodFoBZAMY §E7} AFH.

ieore

7] 5% A|-22,23-0) o] = 2-p5-r G-clul MR & bl Sheha o el 4 gtk
\O |
HO.,, 0
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T3, A 5-wEA]-22, 23t slo] =2 -25-od-ol A a & thg-o] 3leha o7 JEhd 4 gl

S, A AEE vhel gol, ohWEE A #F0 AEEvfl M ohErdese] avedl FHA 2
wveld ] A4 i A (401% aveisel 25 7] DI w1 2 FAAE TPE, ) Aeshs U
wlupolal AJAE F2] milAl 2 milA3 Ao AA e IE (HolE milA3e] BE 79 DH-ER =dQl =Y
FAAE EPE ABAYORA ZEPESolA 2 ol 2vgel s o stolnels PKS fA47t £gHES
S, 7] Solnd= PRS FAAE TP AxT FF/h Devtol e AT = gl FAAHUeh,

wEha, T2 o2, AEfEnfol M~ ofu| En|dE A~ (Streptomyces avermitilis)®] aveAl f3=pe] M4
A7 deepol Al ALk 5] milAl fAdAke] AN = dFE ASEAL, aveA3 AR AN EE
oJ& aveA3¢] & 79| DH =9l 319 FAAE E9h)7F duviolql AL 5] milA3 frd ko] A

(Aol milA3e] & 7¢] DH-ER w=rlQl W FHAE Z3hHE Aghd, Huntolils Aitete Axd 2E
FEvlolA|lx opjEwE s #57F Aledt.

7] aveA3 A= AAZE milA3 FAAR A gE g Qo milA3 AR TolAM s dFol ko]l
= FodF F e H2TY FAW aveA3 FAe] AEsteE Felol A2 (4

o] milAl §4%
S

=5
d FHAR, ~EFEnlo|A 2~ off|2u|Ee] 2~ FFoA aveAl F-AAZF WHmRo] Al ALl o
EIES 22 DBM-01 w==(<F

2 AfE #FE, 2EJEvo|A A ohwang ZERErfol Al opw 2u] el
Er & KCTC12889BP) Y 4= QUth.

fl

Ni

el avedd ] R Tl 9 A A7) Dol A EE w3 A9l 2 7 29

2 d2, ~EFEutolA2 opEndE] s Tl A aveAl FHA7E dunto] 2l AAF 79 milAl FrAAE
1:[
AR BR Y FFE, 2EAEnlo| A2 obw2u]E a2 DBI-03-A T3 (S KCIC12890BP) Y 4= )

F

e

o2, ~EYEDbo] A2 omlenlaw A avedl AL WAslolAl Y R ilhl A
el avekd ) 0 73 K EARAE AS)D 0 7o) 2GS 09 il 907 dsiel
#79) nilA3 FAAS] LE 7 F KS B9 A4 9z A 7
, Z2EFEnto|A 2 ofH| 2ujE ]2~ DBM-03-B

= Mﬂ E 79 =YdEe ZY
TF (5 e 3 KCTC12891BP) Y 4= 9lt}.

rir rf fot

R g

=2, 2EfEnto]ax O}Hﬂéﬂl%lal oA aveAl wﬂzv} Yurlo] Al AAE 779 milAl FARE
3L, aveA3 FAAFe] BE 7 F KS =HQl E ATE A9g BE 79 EHIES IY

afo] Al A 50l milA3 42}4 EE 7 5 KS =] 2 AT =WE AQs 25 7
Az Fol2 XFE I, aveAd F-AAS] BE 9 T ACP =WdS A3 ZE 99 =HdEe] =
7} duutolal BAk w9 milA3 A BE 9 F ACP Zrels A9 BE 99 =udE
P92 A3y 757t ATEd. A7) #FE aveA3el BE 79 DH =WARE 2E 99 KR &
(aveA39] HE& 79 DH ZEdQl, KR =d?l, ¥ ACP =w9l, ®E 8, X& 99 KS Lwl
THl, KR =FQlS N-DudA] -k o R xEste J9)e 29 KA 47t
o] milA39 & 79 DH =dI5H EE 99 KR =HQI7FA] 9] <

ot
1,

s
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KR =], @ ACP &EWQl, ®E 8, BE 99 =rel, 2 KR =S
N-Zetol A -t Wako 2 ¥3sls 99)9 29 34 FH2 XEE A o, 47y, ~2EANEn}
oM 2~ of|Z2w|E ]2~ DBM-03-C (58 & KCTC13083BP) Y = 1T},
=

e}, Y] vl FEFES B owwe] |EAld Tddel Eakehn,

gy,

AERElo| 42 ohl 20 Ee] o] avedl R/EE avedd FAAbe] A, FAAel dein wAel AEE, o
]

E2 Eo] A% A% ((homologous recombination)ol] ¢|3le] =8l 4= glv}.

=
w
bt
2
o
=
=
bt
2
e
=}
jm=]
N 1_[—1
=
e
@

Q PR, Alntolal A FFoA B milAl L/EE nilA3 FARS] QA EE AR AE ARFE
Bael 7 73 AEdl BHE £ AED ] 9% H44 ARG NHE A2T + A P MEE S5
el B4 FA4 942 BHE A48 AA B2 AAT F JE MEE, 4T AzTe] o= g

(2) dupol il ALk 5] Dumlol Al A S Fske Aol dAdaLY] 3 FHAHmil1A3) 9] AN
3 = $4 £

A 2L ER E=v|]l

&z AY 4 Atk o] A% mildl FAA% nild3e] A i AR sie] WEel g TeE A
72t el el 2R & ot

i/
4

0 Al A, A7) AZF wEE Delvkeldl A #3e] milAl A R Welvkolal AR} #Fel milA3
F4 = Qelvtolal AL #e) nilA3e] RE 79 AR Ei ARe] @y fuAd tae, tgow o%
o7l oA AuE sht olde I wFW F Atk

>

Wujulo]4l A4 #Fe] milA3el BE 79 DH-ER EelIS A9l EulelE (o), KS, AT, KR, % ACP o]
QD) FoIM AuF st ol gl ;Y KA

wwelo] 2l A #59 nilA3Y BEE 89 IYW A EE BE 89 EdeE & ) o4y 3Y §HA;

>

>

Auubol Al AL #59] milA3e BE 99 FY FHA e BE 99 L“WlE F st o) mdY FHA).
o FA oA, A7) AxF WEE
Gfupol il AR #5o] milAl FAb B vl AdEE milA3 FAA A5 Ee o9 RojAlE xdd
ATt

Auuko] Al A 730 milA3 FrAAe] BE 7 FoKS mrlele]l =Y fAA H917)
Axpe] ®E 79AT Tdlel, DH =®IQl, ER E=dQl, KR =vil 2 ACP =vile] =Y
2 FAE milA3 FAAe] a8

ofl of\
o
=
w
o
=)
re
o
U
ol
2
>
N
o
<
@
=
w
E
2
R
1o,
il
i
-
1o,
=
w

Aupolal AR #5o] milA3 FAke] BE 7 $o AT Z=v]le] s FAk F9jrh AdE, o7, milA3
Axke] Ea 7eKS =rlQl, DH =wQl, ER Z=wiQl, KR L]l 51 ACP =vfle] 29 fdAE E o6k milA3
o] BE 739 FHA WolA;

Auelo] Al AL FF] nilA3 §AAY BE 7 59 KS EW¢l 2 AT &1 39 127 249, oA,
milA3 A9l BE 79 DH E=w¢l, ER v, KR Eu 2 ACP Ew|ele] Iy £ARE ¥33}= nilA3e
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[0113]

[0114]

[0115]

SIHS31 10-2017-0035346

ol i EE 7 7o kS =gl BAT m=v]le] s FAdA7E ZH2t aveA3 w4
Ape] Bg 79 KS =HQl ®AT =rRle) s fAAE AghE milA3e) Ba 7o) AW A H-9] ®olAl.

Yuulo] Al Ak #59] milA3 §AY] BE 9 F9 ACP EWgle] W F@x7F 24", oA, milA3 &4
ZH BE 994 KS EUﬂ?_, AT =del, DH =m¢l, = KR =dele] 7Y FHAS £33l milA3y 28 99 =

gl 2l AR 5] milA3 ke BE 9 Fo ACP =19 I FHAE aveAd fFHAbe] BE 99 ACP

wrele] Y FAAZ AFE milA3e E 99 =Y A wWolA.

A dellA, 7] Axd HEel ¥ milA3 A WHolAl=

dullwkol Al A 5ol milA3 A T BE 79 DH =ddRH REE 99 K EDﬂoW}XM G (A,

milA3¢] =5 7¢] DH &=wel, ER =H¢), KR ﬂiM 9 ACP =H9l, BE 8, EE 99 KS =H<

H =w2l, ER =w<l oA -k o w ¥3shE g9)o Y %J% S RshE
Al

= AL ofy.

2o A AAdelA, milAlS A3st7] 9 AT FHE nilAl FA% AAE s, s Axds 9
3t aveAl 74 AF9] upstream % downstream X933} FE5AE 7HAE HYE nilAle ol 3IEF Ao e
Z Udd dd" ez Y 4 ok =g, T2 AA YoM, milA3E A Felr] e AxdE HNEHE,
milA3 Aol TH BEE IY FAAY] HA e dFE Esta, A AXTE Aste] aveAdld R/EE
aveAd A2 A Q3 S 7HAE FHE nilA3 Fd2e] 7H EEe 39 fHAe AA e IR o=
g Tk e o gl A FuHE 4E ¢ vk A7) HE e 299 EAQ] AAdditel, &

HERE e 29 g, o704 3]
% =

of, %% fAAel @7)Has

~E#Enfo] A 2o A ALEEL7] 9 thddt o8 WEHE, dE Eo] 91X, 1 7}¥4(high copy number) =&}

2n= A Fug Zpav = 9D G H(E. Coli)-LERERO A HE WEEo] /ity o] gon olE W

HES 2 ¥%S Fd3t7] fste AHE 4+ v, & £9, pCR-Blunt, pCR2.1(Invitrogen),
KeN

pGEM3Zf (Promega) % A& ¥ plHM3, pKC1139 55 Ae o= o}, ofd Ags= A ofytt.

=, dAAZE AMxXE A¥Esy] st HHo=w ”ﬂ”ﬂ‘j}ﬂ(selection marker)% ﬂ% 33§
£ 59, = WA, 9% 8749, Ax =4 &2 Ay
Folste mpAEC] AMEE & A, EAEHHE A 749} ‘—1]7}‘5]3 Lt’é"‘j]'ﬂ ] ]%L F U =
Ao Al (selective agent)7t A 2d ZAoA e mAZ Fd3E AET AEJNEF 51
7VFsatA sk wiAR, ofEeutol4l, vl Qmbolil, sto]aEmfolsl, S| AE|TE TS| =R
histidinol dehydrogenase  gene: hisD) T= Told Y2y RAEWAFH T A (guanine
phosphosribosyltransferase: Gpt) %°] o1}, oo A== gi=v}t. WZlE|B AdEvtA#d F294 4
(random insertion)¢] Yol MXE MWl AAst= WZIEE AES 7153 sl viAR, s A&
2~ mlolg] =-polnld 7| UA| (Herpes simplex virus—thymidine kinase: HSV-tk), Slo|¥F8E ¥A¥gHA E
@~ 2} A (hypoxanthine phosphoribosyl transferase: Hprt), Ao]EAl t]olu|u]Z(cytosine deaminase), Tl
ZH o} 541(Diphtheria toxin) &°] A2}, ol AghEA] &=t

5
=,
~~

A7) e AR G JlERoplA & e RA4 AxT /1Ee o8] AT 5 Yovl, P9-Fo|H
DNA A% 2 AZe Fal 714 Fopol A Aubsow el ARE: 52 ST Aok

2 ogye) et SEJErlAs AT AgAAR, oF Fol F2Y E: 3 B2 93 e ue
dob wi Y AL w3 FAAE 5 A B Eol, ok Y A AWM (Anerican Type
1

Culture Collection; ATCO)ZH-E F+Y4& & JAY, AlF 2 D5 a #F9F &2 d=Ag 7o} Feto] ¢57}
APH oz Agd = Juh. vlFAT A =53 AERE IHFE AE, 25 AX £ 57 A¥E7)F w3 &
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5

=

=

H

i
=)

[0116]

5 2 A (protoplast)

B

)

o]

HA71FU M (electroinjection), TAFUW (microinjection),

P

el

o
23]

A
=1

A

k)

1

[e]
w

al

ol

WA E o)

3z
=

=

Zepang A7)
=i

<
=

Z(cationic liposome),
<5, A9 pH

ST
X

(gene gun) & °|§&

=

ERE:

)

i

co-precipitation),

phosphate
15]0] v

+

W (calcium
o] uf
2 olyrt},

A
f

713 (electroporation),

4
(retroviral infection), DEAE-%]A~E&H(DEAE-dextran), %ol g

(polyethylene glycol-mediated uptake),
j‘

gl
LR
Sl

3}

q

Z
vl

pal

)

k=

12

=
of Al
Hj ol A}-8-5]

[0117]
[0118]
[0119]

2|

el
g

ozel

~

4
ol

o
K
o

0

o
4

o
o
A

B350
Qo ule}

]
=

.

Y 2

L

f

B

de HE

o ukr
T =

al

xal

=z

o
T

i3

B-D-El ez E 2t A = (IPTG) 9 2

VS
5

K

[0120]

)

ol

e 21 ohuth,

3]

Aot ofel A

e, ofel A

¢
o
;OD
2!

el

HE

=1]
=

i)

& ETPAG, ol

]

hvd

i

b 4 Qe
O]

J

%
=t

:3

[0121]

o]

ATt
3

al
25 §7)

1254

[e)
[}

Hj

AZvtE 13 (gas

25 A 40 &
_T__

pin

7k

ofytt. A=,

R

B4 AzrEa,

]

T

z

SHAl

S

HPLC),

KSR
=

a]

7

HE 20 WA 45, wpehE
N

chromatography:

liquid

(crystallization), ©o]<n3 FAZnlE 1],

performance

=3
H

I=ntE 189 (high
chromatography: GC) %9

dl

A

=i

ol

[0122]

N

JEulE 1o

z:gl_

i

e
~
o

o

el

et

s

[0123]

ot
o
;OB
23|

il

jaze)

;Onﬁ
o=

el

o
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[0124]

[0125]

[0126]

[0127]

[0128]

[0129]

[0130]

[0131]

[0132]

SIHS31 10-2017-0035346

2 ol fEA EE olo GO o Folzl ol AH 1F o4 Aol
F oA Ee AlEe

A7) ANFEe BE R/EE AR PaE b BE A4 B8 4%, £F 2 AL FYoE Ao, A
mholdl i oo FEAl, W/EE obiUEl Ei ols] FEAZ WAl BHS Re RE HF9 4F w/ws
5L F Aok AW, P AEES Beo 0Tl TAM AuE 1% o¥d = Ak

- WFAlF (Hemiptera) (oW, th&S ¥+

HF (Delphacidae), <A, ofEB+ (Laodelphax striatellus), &7 (Nilaparvata lugens), 354
(Sogatella furcifera) %; "Iv]%&F (Deltocephalidae), <lZtl, E%v]5 (Nephotettix cincticeps), &
¥ 5viv]E (Nephotettix virescens) 5; IR EF (Aphididae), oA, =3} RAE (Aphis gossypii), &%
ol=x HE (Myzus persicae), WYoF7I+FHE (Brevicoryne brassicae), ZASFHZNHE  (Macrosiphum
euphorbiae), AE|FEXURE (Aulacorthum solani), 7]%FHF2]XYE (Rhopalosiphum padi), ZHAIIRAE
(Toxoptera citricidus) 5; =" A5 (Pentatomidae), oZAd], EM=AA (Nezara antennata), wU&]7)v|3
2l A} (Riptortus clavetus), Z#3]8]%=# 4] (Leptocorisa chinensis), 7MHEE%x=dA (Eysarcoris
parvus), MYUF=2A] (Halyomorpha mista), FH=™A (Lyus lineolaris) &; 7FHFol# (Aleyrodidae),
o At 22A7FFo] (Trialeurodes vaporariorum), B8l7F#¢] (Bemisia tabaci), =% &7}o] (Bemisia
argentifolii) &, ZAEHF (Coccidae), oA, AT EYolHF>Z A (Aonidiella aurantii), Mo A2
A ¥ (Comstockaspis perniciosa), 32X (Unaspis citri), FHZAH# (Ceroplastes rubens), ©]
Al olZtA| e (Icerya purchasi) %; WalH#dF (Tingidae); WFol5F (Psyllidae) &)

o

- AAF  (Lepidoptera) (oZ7Ad, o-&& 233k WubR{  (Pyralidae), ozd], o]yl (Chilo
suppressalis), dzZ% o]~ UFF (Tryporyza incertulas), =y (Cnaphalocrocis medinalis), =319
U (Notarcha derogata), 3% (Plodia interpunctella), ZHuH (Ostrinia furnacalis), 2%

!
o.

) (Ostrinia nubilaris), 5=y (Hellula undalis), FE]XEZF (Pediasia teterrellus) & Wb
5 (Noctuidae), oA, HwlAAU U (Spodoptera litura), bl (Spodoptera exigua), B7v
(Pseudaletia separata), =5UY% (Mamestra brassicae), @AMV U (Agrotis ipsilon), 7FHrulaFag7d
U] (Plusia nigrisigna), Eg]ZEFAlolF (Thoricoplusia spp.), B89 (Heliothis spp.), Bt
WH (Helicoverpa spp.) & BAUH|F (Pieridae), oA, w53 un] (Pieris rapae) &; AEo|vdH

(Tortricidae), <7, of=Fyo]ubkF (Adoxophyes spp.), Hwols=tbl (Grapholita molesta), 4t
W (Leguminivora glycinivorella), &1 (Matsumuraeses azukivora), AFZolB5-HelEolyl (Adoxophyes
orana fasciata), XfolX 5 drolup; (Adoxophyes honmai), Fro]u}; (Homona magnanima), 74XE5F3H<
wol Ll (Archips fuscocupreanus), FE-UYUHW (Cydia pomonella) &; 7F=Wi@s (Gracillariidae),
oAAY, EM7F=b (Caloptilia theivora), AFZ=iub¥ (Phyllonorycter ringoniella) 55 Al

(Carposinidae), oA, EHold 2 (Carposina niponensis) %; =W¥H (Lyonetiidae), o#t), &%
Haw+ (Lyonetia spp.) &5 SWHH (Lymantriidae), ooy, winvbdF (Lymantria spp.), =13
(Euproctis spp.) & JUHEF (Yponomeutidae), oZAth, #]FEF U (Plutella xylostella) & 2uiH

(Gelechiidae), <A, Z3lc}giydt (Pectinophora gossypiella), ZAFE 1 (Phthorimaea operculella)
5 BYHWH (Arctiidae), oA, m|=3E b (Hyphantria cunea) %55 FASUHF (Tineidae), <A,

2% (Tinea translucens) 5);

- ZAQHYE (Thysanoptera), AW, o} F33: Zx-FEHd (Frankliniella occidentalis), 29°]%&
AE# (Thrips palmi), E=ZF2Hd (Scirtothrips dorsalis), Z&xE#d (Thrips tabaci), therExde
(Frankliniella intonsa), B©9l&x1= ] (Frankliniella fusca) &

- A5 (Diptera) (AW, thS-& ¥33}h:

=925 (Agromyzidae), <Id, 1zg]ste] (Hylemya antiqua), #2zte]ske] (Hylemya platura), W=}
2] (Agromyza oryzae), Wojel=ulg] (Hydrellia griseola), W =232 (Chlorops oryzae), opW&]7}<) =}
2] (Liriomyza trifolii) %; ®&32] (Dacus cucurbitae), A Fa| ¥ uta] (Ceratitis capitata) 5);
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[0133]

[0134]

[0135]

[0136]

[0137]

[0138]

[0139]

[0140]
[0141]

[0142]

[0144]

[0146]

ZIHSd 10-2017-0035346

- ZA5 (Coleoptera), oA, #Huvlo] Fod¥lw (Epilachna vigintioctopunctata), 2] ¥ (Aulacophora
femoralis), WSz (Phyllotreta striolata), W™z (Oulema oryzae), WE¥a]¥}u] (Echinocnemus
squameus), W EWn]  (Lissorhoptrus oryzophilus), E3vb4w]  (Anthonomus grandis), EHbw]
(Callosobruchus chinensis), 3& ¥}1] (Sphenophorus venatus), 93Zwo] (Popillia japonica), T-8]%
do]  (Anomala cuprea), =599  #F  (Diabrotica spp.), ZERIG=7xHEd  (Leptinotarsa

decemlineata), Wold#lF (Agriotes spp.), @@ Hd| (Lasioderma serricorne) 5 ;

- WE7]5F (Orthoptera), oA, 74o}lx] (Gryllotalpa africana), WH57] (Oxya yezoensis), HHW57]

(Oxya japonica) %;

- YAl (Hymenoptera), <A, F2A (Athalia rosae), ZFINm(L70=]))F (Acromyrmex spp.), =7/0=]+F

(Solenopsis spp.) %;

- o]& (Phthiraptera), AW, % ©] (Damalinia bovis, Haematopinus eurysternus, Linognathus vituli),

%] o] (Haematopinus suis) %5;
- 1=7]5F (Acarina) (AW, o8& ¥3+3}:

S5 (Tetranychidae), <1, #ulo]go) (Tetranychus urticae), &-3°f (Panonychus citri), wF-5of
F (Oligonychus spp.) &; =%5°05F (Eriophyidae), oA, &5 (Aculops pelekassi); WA -SolF
(Tarsonemidae), oA, XFHA-g°) (Polyphagotarsonemus latus); *]-&°l5 (Tenuipalpidae); X]dl-g-ofFF
(tuckerellidae); 7V =715 (Acaridae), olZdl, "7} =7] (Tyrophagus putrescentiae) &; HAZ
=7] & (Pyroglyphidae), olZAw, ZTYHAF=7] (Dermatophagoides farinae), AZF-HHUAZE=7]
(Dermatophagoides ptrenyssnus) %; WEZFZ7]5F (Cheyletidae), <AW, F28BAWEX=7] (Chey
eruditus), WHEZ=7] (Cheyletus malaccensis), AL#HFA F#o] (Cheyletus moorei) 5; 2=

(scabies mites), AWM, ¥R =] (Sarcoptes scabiei) &

tus

@

)
S

AZF (Nematodes), 7AW, AUF-A14= (Bursaphelenchus xylophilus), ¥E]&4% (Meloidogyne spp.) H]
©1X% (Aphelenchoides besseyi), E7]o}4d% (Nothotylenchus acris), 77+ (Ancylostoma caninum), =5
% (Capillaria spp.), HAF43= (Dirofilaria immitis), 7}=d] 7| st AEF (roundworn) 5.

47 4B Aol sl Mg P2 + Y BE 4BY F Aok
4] gl Agshe BAE AA, B4, EE 5o BAHA RE Yol o3t £y & vk

= AN A A 4D 8 obr et L2 V5 BedS FAIshs @, 60% o, 65% o, 70%
o, 75% o1, 80% °o4F, 85% o4, 90% o4, 92% ol4, 94% o, 96% 14, 98% o4, HEi 99% o]/

Wy £

& O AleE A= #FE oldste] DHviolils Wiger AT = glow, ol ofs Aike |
=
o

IA]dleo)] W& ~EdEulold2 AHulo|AJUF 2 (S, milbemycinicus NRRL5739)2] milAl 7 %}2]

25 4 Ao & ~EEulolda AWulol AU (S, milbemycinicus NRRL5739)2] milAl 7=k

il

= 32 pGEMB2-MA-DOWN-fu WE| & A @71-49S vehd o),
T 4a YA T 4dcE A AA o] w2 pCR2.1-mi lA1-AC2 ME]E A z2sE HAHS ehA Aot
T 5% o AAde] w2 pCR2.1-Adu-MlAge HEE A xdtE= FAS VebA Ao},
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[0147]

[0149]

[0150]

ZIHSd 10-2017-0035346

T 62 o AAde] w2 pCR2.1-Adu-milAl-Ac2 ¥EE Alxste= HAS vehd Ao,

A Ao wE milAl integration HME 7} =4 #FolA nAE E3 milAlSAXF AdE s F

X
-3
2
=

=
—
o
oX,
o
2
o
ft
2
jine
i
38
rir
>
Ll
ot
ro

£ milAl integration WE7} =4E
A AAjdo] wE S, avermitilis DBM-01 #59] njgA o2 HE AHdE E4S 43 HPLC 294E

E 92 ¥ X 9bE o AAde wE pCR2.1-A3Mmo7A % pCR2.1-A3Mmo7B ®EE A Zxd= AL ek
7

H
—
o
o
rr
e
1
>
2
2
i)
i
b
e
3
=3
2l
1%
)
N
)
H
hins
)
=1
X
2
>
=3
)
it
offt
K}
t
el
3
F«
B
N
)
b2
hins
i
T
i)
o
o

(o]
ro

L= 10be o AAleel whE RE7 wA WEZp EQdE wFelA e 7 o] deAor AJEA=AE

datoltt,

% 1la WA = 1lc= AAlolo] wE DBM-03-A%} DBM-03-B7} A e+ =4S 4% HPLC w4 A7E ioqfn}
HAE 7} peak ¥ retention time©] FE7]E peakE Milbemycin FEF¥I FUI WV-SFudl HoF
Aolth., = llat: UWvleld ®FES HPLC #4143, %= 11bE S. avermitilis DBM-03-A7F 4343 gxbl
HPLC B4 43 = 11lcE S. avermitilis DBM-03-B7} AA 3 49| HPLC B4 A4S 747 vekdlc),

ot
¢

=12 AAd e BE7 A8 d5o] wddeniy A" 24 2% WPLC A 9 7} 9]l A
A4E B2E vk,

= 13 aveA3 fralAboh milA3 fralAke] AT-DH RERE oo 39 fraah H9 9 KR-ACP B3 4o 29
A Helel 971Md £4 AsE BojEr

T 145 A AAd & nilA3e EE 79 DH =WCRE ®EE 99 KR =17 ¢ S IYEE FA4
=2 ¥38k3l= pD7KOmi1A3 WEIS] Azt A S mAKor HojFEr)
155 A AAdo wWE nilA3 A WE pD7KOmilA37F Aw A~EZ:NEnjol A2~ olwju|Ea] A~ 59 A|Z}

T 162 o AA o] weka] AZE S, avermitilis DBM-03-C w39 A4 B4 HPLC &4 AE HAFE

T 17a WA 17f= 9 AA oo wabA AZE S, avermitilis DBM-03-C #5¢] 44 &4 ¢ UPLC-qTOF-HR-MS
4 ARE woFe g Zolt) (& 17a: UHimloldl A3; = 17b: WUdmlo]lAl Ad4; = 17¢: WUdmlo]Al D; =
17d: ZH|rlo] Al alpha2; &= 17e: WH|wlo]Al alphad; = 17f: EH|nlo]4l )

18a-18¢c+= ofWH®#} Hunlo] il o] BA 2 o] W o]F FHdE FHAe] TS HoFE 19
18d+= Hunlolal FAElelE FAdEaL FAAT (gene cluster)Z opwHEl ZAElol= P a4 F4
ApatS vlalsle] HolFEE o),

=y
a
=y
a

Wy A5 A FAF g
ofgl, & s AAldel ofs] FAls] Aty W, sr] HAAlde & EHEs dAshs Ad 8, I ol
ol

371 AAell S8 @=L AL ohiuh,

AA 1. milAl 4] #E (milAl integration vector) A&

Adrlo]al AAE #5920 AEFEntol Al Auwfol AU (S, milbemycinicus NRRL5739)9] milAl FAXE

avermitilis SA-019] aveAlo] X&3}7] Y3t WEES AxsYct. A7) WEE nilAl 42 AAS
skalar, B3 93 AEAS A= aveAl AR upstream E downstream A €o] milAle] FZ whttol
A FHE FAsklvt. olsk, WY AF HFE e A

M f @
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[0152]

[0153]

[0154]

[0156]

[0157]

[0158]

[0159]

[0161]

[0162]

SIHS31 10-2017-0035346

1-1. milAl AR g1

~EdEnlo| M2 Lu|ulol AU (S, milbemycinicus NRRL5739) genomic DNAZR-E] milAl A=}t B3)
At 2E#AEvlol A Dufol YT (S, milbemycinicus NRRL5739)9] 7-9- 2 vfol Al ATA FAAES]
DNA @71Mde] LA A &7] wFol, NCBIo| =¥ 2ERERfolMA  FRAAA(Streptomyces
nanchangensis; Accession no. FJ952082) T+ AEEunfolxx WA A~ (Streptomyces bingchenggensis;
Accession no. CP002047.1)9] Hwlutelal 3G FHAATY A7IAEE 7|woZ Lol E txRlste] f3
A5 FE3fo] o gelrt. Hgh, Wuuto]il Al #oste EAElelE AFAH ALY FHAE WS- A
ES GOHES 2] wEd g ¥l FEs= A vl oy 4= olE FHE3Y] 93 FHAE 499
THoR vy FEUT (= D).

il
o

41 K

4, milAl AR N-terminusZ%o]l WS FHSH7] flete], 2EfEwto]a 2 Humfol AL (S.
milbemycinicus NRRL5739)¢] genomic DNAS AINT2-F Z2}o]m] (GAACCGTGTGCGGAAGAA: M E¥H 5 1) % AICTI-R =
2Fo] 1 (ATCAGGTCGGTGAGACGGT: M AWM & 2)S AR&-3le] PCR(95:=0A 53 980X 20%, 60%clA 20% 2 68
ZolA 108z 30 AlelE; % 68=eA 108)e FI SEZI & plR2.1 HE(TA 224 HH)ol
293k, o] WMES pCR2.1-NMe.2 WHadrt. t&e =z, milAl 84 C-terminusZ%e ©HS 3w sl
7] Y3ste], 2EHEno)A 2~ Auulol Al Y2 (S, milbemycinicus NRRL5739)2] genomic DNAS AICT1-F =z}
o] ™ (GCAAGGTCGTCTITTGTGTGC: A5 3) 2 AICT2-R Zz}o] ™ (CCACCAACTCGATATGGGC: M I T 4)E AL-g-3lo]
PCR(95% 0l A 53; 9850l Al 20%, 60%olA 20% % 68%o]A 10202 30 Alo]E; 2 68%oA 108)S =3
& - pCR2.1 WE(TA 29 WE)o] S=Yaklrt. o] WEE plR2.1-(Te= Wit 47 A=z
pCR-NMZ} pCR-CT ®E{E Z}7} Neol AztE AR 2] ste] &H(NM fragment, CT fragment)S HI F(% 1),
o5 TS dAZA(ligation)ste] dhte WEE Alxstgom, o]2 pCR2.1-milAlC®E HHEATHE 2; milAl
gene A (MEWz: 70) 23D, o] wl, dA¥ @H ORFQ A7IAES Eeld Ay, ~EHEnjolAx= WA
FA] 2= (Streptomyces bingchenggensis)2l @74 E¥ 1000 L5t A& E2lsglt).

1-2. C-terminusZ arm A%

milAle] BE 29 X siE3= L5 DNA sequence®}, aveAl docking domainl & FAE = F9, % aveA2
sequences AEFEE= DNAE AF3Ho=z AT, FAE DNAE pGEM  vectorol =98k  pGEMB2-
MA_DOWN_fuE A&t (= 3; AEwls 35 A AdE 37). 7] A=eE pGEMB2-MA_DOWN_fuZ
BamHI/HindIII A|gtas= 22} insertES ¥2]3 %, BamHI/HindIIIZ A2 pCR2.1-CToll AZA3}] milAle] C-
terminal H$7} aveAl?] C-terminal F9 2 AH pCR2.1-CT-Ac HEE A 23U},

pCR2.1-CT-Ac WE 2] AR ES AF3sH7] 93Fe], S. avermitilis SA-017FF2] genomic DNARY-E] A2-404F =
2}o] ™ (GGCGCTGGCAATGGACC: M EWME 5) 2 A2PH-1500R Z2}o] ¥ (GATTACGCCAAGCTTGGCTGATTCTCCCGGGACG: A
3 6)= o] &3l aveA29 N-terminus regione PCR 5E3}iL, o]Z infusion ligations %3 pCR2.1-CT-ACY]
3" webe] e, pCR2.1-CT-Ac2 WE S #12-a15T),

pCR2.1-CT-Ac2 ®E]9} pCR2.1-NM ®E]E Z}ZF Ndel/Xbal Agtasr= A3 & A3, milAl 829 C-
terminal F-%o] aveAl®] Aoz X3¥ nilAl FHAE 2rE pCR2.1-milAl-Ac2 HEHE AASATHE 4a WA

% 4c #x).

1-3. N-terminusZ arm A%

S. avermitilis SA-01 73] genomic DNAZY-E] AveD2-F 3Z2}o]m (GATGACGGAAATCCCCTGG: A DWE 7), AveD2-
R 3 2}o] ™ (AGAATGAAAGGAGCGCGA: A€ 3 8), MAINU-F 3Z2}o] ™ (GAGGACACAGCTCAGTTGCCCAAAGCCCAGAAC: A1
5 9, MIAge—R 3z 2}o] ¥ (TGATCGAAGAGCOGGGAGT : A s 10), PHR-M1Ag Zejoln
(COGGCTCTTCGATCAAGCTTGGCGTAATCATGG: Az 11) g PXF-AD2 ZefolH
(GGGATTTCCGTCATCAAGCTTGGCGTAATCATGG: M D& 12)E ©]&38le] N-terminus armol]l dF38l= 3749 whAS 7zt
7} PCR &3%3tal, ©|& infusion ligations 3l A3tate] p(R2.1-Adu-MlAge HE]E A|2te}llth( = 5).
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[0164]

[0165]

[0167]

[0168]

[0170]

[0171]

[0173]

[0174]

[0176]

[0177]

[0178]

ZIHSd 10-2017-0035346

1-4. milAl AR FZ armo] 2FE FE9 vector AZ

pCR2.1-mi1A1-Ac2 WE] 9} pCR2.1-Adu-MlAge WEE Xmnl AFELE Z%E]?ﬂ' % o]Z infusion ligationg 53
A%Fste], pCR2.1-Adu-milAl-Ac2 #FE (MEHE 79)E AZSATHE 6). ol oMHHE AiAdF2 E9sH7]
A8 ~EFEnto] A -t HEWEIQ] pKC1139 WE (M. Bierman et al., Gene, 116:43-49)¢} pCR2.1-Adu-
milAl-Ac2 WE1E 7}z Xbal, HindlII A@ais2 Hed F AZA(ligation)dte] pKC11399l Adu-milAl-Ac2 -
%7} Eol7F 9 FElel, pKC-Adu-—milAl-Ac2 ®E S A% 8}QiTh.

AAld 2. milAl A8 75 AF 3 AHED &9l

milAl integration ®EZE S avertmilis SA-01 ;L—Zr Yz =JA17]1aL, s A
avertmilis SA-01 ¥F9] aveAl FAA7F milAl FAAE 28E Feho #F5 Frust, S
ATERS gRlski.

2-1. AgHE 3% 248

pKC-Adu-milAl-Ac2 WEHE X3slal = E. coli #F(ET12567/pUZ8002 strain)E chloramphenicol,
kanamycin, apramycine 22 LB A 8lA] 3mloll %3 $ Shaking incubatorolA 37, 200rpm ZH O = 18~24
A7 mekEtdh. Hetrw 250ml flaskell 25ml LB brothES ¢ dAA|e &7 @i, sje) 250ulS HE3E H
Y ZHoE A wYerdvitt. 0D7F 0.4~0.59] ol25& o, MFS FESIL 5000rpm oA 5EZF AR
SR a(4 7)), Pellett Fato] Wzt LB broth Imlel Eo|Fa AFsle] A dEds i
w3, S, avertmilis SA-01 ¥5Z germination 3}7] 93], ISP4 agar plateo] host®E A& WAHS 7Y
o]} wjFslal, SporeE loop®E #=HoIA 2X TY ®iX|eo Fo]5=31, 50 heating blockel 23l 1087} activationS
At tt. o]9F o] =H|E E. coli 5 500ul¥} germination® host 5 S. avertmilis SA-01 500uls-

_YE

o>‘
il

microtube®l %1 inverting® 2 431, 8000rpm oA 2%t YAEZSIA FSAS AASI= WHoezE A3
(conjugation)& =8k, pKC-Adu—milAl-Ac2 WE]E S. avertmilis SA-01 ¥#F U2 Z=YA| AT},
2-2, 3k 93 A XS

Jl
%712k ZE%O] pKC-Adu-mi 1A1-Ac2(Et) ®El7} =91¥ #FolA 12} uaE Giste] By AA7 752 A
MAAEEE (Y. ol 93te], apramycin®] 25ug/ml FEE H7FE [SP-4 1ABIAES A ZF3F F, pKC-Adu-
m'lAl—AcZ WE T]lo] o&] AW colonyE FH3I &, = ],_ A wiA ] streaking dFR{T. o]F Lo H
73t pKC1139 #HE e dA & o] &slo] W A4 HE S 9] stk 3704 73 widsidet.

ol ¥
H

2-3.2xF =}

A7) 12k wA7E Dot FFolA aveAl FAAE milAl FAAE X387 &) 23k WS FEFFATHE 7).
o2 93}, apramycin®] 25ug/ml HEEZ H7bE 1SP-4 A )X e} A7 A7t E] A e wixE 4 Az
sta, 1xF WAE §%F #FE 1SP-4 1A viA o] =wste] 2xF WS §%3% F, apramycin AFA FEE
IR #FE ARy, 2389 B X3 SH FF2] genomic DNAS FE3}9], aveAl, milAl dH-A S
S 1% £ e ZFBolH (R DE A FHAY wAVE AgstA o]FoAAHEA] RIsGITE. o9 ol

4313 S, avermitilis DBM-012 3l 2w KCTC(Korean Colletion for Type Cultures, 3¢
AP FSAT | AEAAAE]) | 7]Eete] 20151 89 31UAE 7|EH S KCTC12889BP & *-of woktt.

# 1
Primer Name Sequence 4=
aveFi-F GGCAACACCAACCGTGAGAT (M ¥ W3 13) N-terminus fusion ¢l
milAli-R GATGACCGAGGAGTGGAACG(A EW . 14)
milA1i-F GTACTGGACCTGTTCGAGCG(M I3 15) C-terminus fusion ¢l
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[0180]

[0181]

[0182]
[0183]
[0184]
[0185]
[0186]

[0187]

[0188]

[0189]

ZIHSd 10-2017-0035346

aveA2i-R2 ATGAATGCGGTCTTITCCTGC(MEH S 16)
aveAlC-F GGACTCGCTGATTCGGACAA(M G ¥ 5 17) aveAl IF-=9 &<l
aveAl1C-R GGAGCAGATGAATGCCCTCT (M E W F 18)
mi [A1C-F CCTGTGGGAGTTCATCACCG(M I E 19) milAl 45-AS gl
mi 1AIC-R CGAGATTGTGGTGGACGAGG(M E ¥ & 20)

2-4.S. avermitilis DBM-01¢] AAEA F9l

S. avermitilis DBM-01 wFZ #jokslr] 93 ¢ wjdg vz} AL vjkg wixE 27 A %3} ).
WAE A Zs7] 998+, soluble starch 30g/L(Junsei, Japan), yeast extract 15g/L(Duchefa, 4&
KH,PO, 0.4g/L(Junsei)®] s%7F H=5F A% Dol =gk &, pHE 7.28 ¥ 121, 15#3F 115t
8T, FE3] A2 F, WA Corn steep liquor(Sigma)E 5g/Le] =7t H=% H7bsiqlch. =g, A
A WA E A F37] Y8, soluble starch 80g/L, soybean meal 10g/L(Sigma), skim milk 15g/L(Difco),
KHPO, 0.5 g/L9] =7t ¥ =% A Dol &3 &, pE 7.22 51, 121, 15837 ugtats AA8
ﬁﬂ.%ﬂ:ﬂ%ﬂ ﬂiﬁ-%%ﬂ Fe FE3 9V 8, A AR F oA 25mlS DrE 250ml
baffled flaskel ¥i, 5 mycelium$& agar plateZF-E lloop® WAl F vl HFsAth. 230 rpm 2
28% Z718}ol A 48}JZ} ol wiFsksich. w3k, AAMlA] 26mlS WrE 250ml non-baffled flask ¥ir &3
HF) 1.26mls &S ¥, 230 rpm 2 28% Z3telA 10¢ &k wigsiict. A ajgdoz iy A4H
(e}

=
<

ge),

Erinsy

=)

2248 =317 Y], F7]8&v(acetonitrile : MeOH = 1 : 1 &3 |M) 1.5ml3} #vj<kol 0.5mlS A =
3] vortexingdtRth. 5%3F sonication F ¥, 1AIZF F<oF WHHSEITE. 12000rpmol A 5E-7F YA EEE &
FE ARt FHsto] A5
FET ARE okee] 2§ lAM HPLC/UVD £41S Fal £A18k3irt.

- Mobile phase : Acetonitrile/Water(v/v)= 40/60, v/v(5min), 90/10, v/v(30min), 90/10, v/v(10min)

- Flow rate : 1 ml/min
- wavelength : 245 nm
- Run time : 45 min

W3, DBM-01S wjFsle] Aet B2 42(% 894 IV1, IV2, IV3, IV5E FAEh) o] o3l
Z= b .

MR 248 AAste] Fx
600 MHz in CDsOD(the internal references residual solvent protons and carbons; &y 4.78, &¢49.15)

IV1: &y: 3.16(m, H-2), 5.35(d, J = 1.4, H-3), 1.75(s, 3H, H-4a), 4.16(m, H-5), 3.70(m, H-6), 4.55(m,

H-8a), 5.74(dd, J = 1.9 & 11.3, H-9), 5.81(ddd, J = 3.4 & 11.4 & 14.2, H-10), 5.65(ddd, J = 1.9 & 9.7
& 14.8, H-11), 2.59(m, H-12), 1.09(m, H-12a), 3.93(m, H-13), 1.48(s, 3H, H-1da), 5.15(m, H-15),
2.24(m, H-16), 3.63(m, H-17), 0.75(m, H-18), 1.86(m, H-18), 4.98(m, H-19), 1.14(m, H-20), 2.11(m, H-
20), 1.24(m, H-22), 1.44(m, H-23), 1.52(m, H-23), 1.18(m, H-24), 0.77(d, J = 6.6, 3H, H-24a), 3.25(m,
H-25), 1.08(m, H-26), 4.76(m, H-1'), 2.23(m, H-2'), 3.46(m, H-3'), 3.34(s, 3H, 3'-OMe), 3.12(m, H-4'),
3.76(m, H-5'), 1.17(m, H-6'), 5.26(d, J = 3.2, H-1"), 1.57(m, H-2"), 3.36(}-3"), 3.40(s, 3H, 3"-OMe),
3.64(m, H-4"), 2.97(m, H-5"), 1.15(m H-6") &¢: 173.6(C-1), 47.1(C-2), 120.3(C-3), 137.2(C-4), 19.9(C-
4a), 69.1(C-5), 82.3(C-6), 82.2(C-7), 141.9(C-8), 68.7(C-8a), 121.8(C-9), 126.7(C-10), 138.4(C-11),
41.2(C-12), 21.0(C-12a), 82.7(C-13), 136.3(C-14), 15.4(C-14a), 120.1(C-15), 35.2(C-16), 69.1(C-17),
38.1(C-18), 69.9(C-19), 42.7(C-20), 99.1(C-21), 30.7(C-22), 36.9(C-23), 38.0(C-24), 18.2(C-24a),
72.7(C-25), 19.8(C-26), 96.3(C-1'), 36.2(C-2'), 79.7(C-3'), 57.0(3'-OMe), 82.3(C-4'), 69.9(C-5'),
19.1(C-6'), 99.9(C-1"), 37.3(C-2"), 79.5(C-3"), 57.6(3"-OMe), 69.2(C-4"), 77.1(C-5"), 18.3(C-6").

HRESQTOF m/z 855.4507 [M+Na]l (cald for CiHsOuNa)
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[0191]

[0193]

[0195]

ZIHSdl 10-2017-0035346

Iv2: &y 3.16(m, H-2), 5.36(d, J = 1.5, H-3), 1.75(s, 3H, H-4a), 4.17(m, H-5), 3.71(m, H-6), 4.55(m,

H-8a), 5.75(dt, J=2.2 & 11.3, H-9), 5.82(dd, J = 11.2 & 14.9, H-10), 5.65(dd, J = 9.8 & 14.9, H-11),
2.59(m, H-12), 1.10(d, J = 7.0, H-12a), 3.92(m, H-13), 1.48(s, 3H, H-14a), 5.13(m, H-15), 2.44(m, H-
16), 3.62(m, H-17), 0.77(m, H-18), 1.85(m, H-18), 5.00(m, H-19), 1.16(m, H-20), 2.13(m, H-20), 1.26(m,
H-22), 1.66(m, H-22), 1.15(m, H-23), 1.43(m, H-23), 1.24(m, H-24), 0.76(d, J = 6.5, 3H, H-24a),
3.05(m, H-25), 1.29(m, H-26), 0.93(t, J = 7.3, H-27), 4.75(m, H-1'), 2.24(m, H-2'), 3.56(m, H-3')

3.32(s, 3H, 3'-OMe), 3.12(m, H-4'), 3.65(m, H-5'), 1.18(d, J = 6.2, H-6'), 5.26(d, J = 3.2, H-1")

1.56(m, H-2"), 3.35(H-3"), 3.35(s, 3H, 3"-OMe), 3.64(m, H-4"), 2.94(m, H-5"), 1.15(d, J = 6.2, H-6")
ct 173.6(C-1), 47.1(C-2), 120.1(C-3), 137.2(C-4), 19.9(C-4a), 69.1(C-5), 82.2(C-6), 82.0(C-7),

142.0(C-8), 68.6(C-8a), 121.8(C-9), 126.7(C-10), 138.4(C-11), 41.2(C-12), 20.9(C-12a), 83.2(C-13),
136.5(C-14), 15.3(C-14a), 120.3(C-15), 35.1(C-16), 69.1(C-17), 38.1(C-18), 70.1(C-19), 42.9(C-20),
99.0(C-21), 30.9(C-22), 29.2(C-23), 35.6(C-24), 18.2(C-24a), 77.5(C-25), 26.9(C-26), 10.6(C-27),
96.4(C-1'), 36.2(C-2'), 80.9(C-3"), 56.9(3'-OMe), 82.2(C-4'), 70.1(C-5'), 19.1(C-6'), 99.9(C-1"),
36.8(C-2"), 79.4(C-3"), 57.6(3"-OMe), 70.2(C-4"), 77.5(C-5"), 18.2(C-6"). HRESQTOF m/z 869.4663

[M+Na] (cald for CiHrOuNa)

IV3: 6y 3.16(m, H-2), 5.42(d, J = 1.4, H-3), 1.74(s, 3H, H-4a), 3.92(m, H-5), 3.41(s, 5-OMe),

3.90(m, H-6), 4.58(m, H-8a), 5.77(dd, J = 1.9 & 11.3, H-9), 5.85(ddd, J = 3.4 & 11.4 & 14.2, H-10),
5.68(ddd, J = 1.9 & 9.7 & 14.8, H-11), 2.59(m, H-12), 1.09(m, H-12a), 3.90(m, H-13), 1.48(s, 3H, H-
14a), 5.17(m, H-15), 2.24(m, H-16), 3.63(m, H-17), 0.75(m, H-18), 1.86(m, H-18), 5.00(m, H-19),
1.14(m, H-20), 2.11(m, H-20), 1.24(m, H-22), 1.44(m, H-23), 1.52(m, H-23), 1.18(m, H-24), 0.77(d, J =
6.6, 3H, H-24a), 3.25(m, H-25), 1.08(m, H-26), 4.76(m, H-1'), 2.23(m, H-2'), 3.46(m, H-3'), 3.34(s,
3H, 3'-OMe), 3.13(m, H-4'), 3.81(m, H-5"), 1.17(m, H-6'), 5.28(d, J = 3.2, H-1"), 1.57(m, H-2"),
3.36(H-3"), 3.40(s, 3H, 3"-OMe), 3.64(m, H-4"), 2.97(m, H-5"), 1.15(m H-6") & 173.4(C-1), 47.0(C-

2), 121.4(C-3), 135.4(C-4), 20.0(C-4a), 78.56(C-5), 57.8(5-OMe), 80.9(C-6), 82.2(C-7), 141.5(C-8),
68.7(C-8a), 121.9(C-9), 126.7(C-10), 138.5(C-11), 41.2(C-12), 21.0(C-12a), 82.7(C-13), 136.3(C-14),
15.4(C-14a), 120.1(C-15), 35.2(C-16), 69.1(C-17), 38.1(C-18), 69.9(C-19), 42.7(C-20), 99.1(C-21),
30.7(C-22), 36.9(C-23), 38.0(C-24), 18.2(C-24a), 72.7(C-25), 19.8(C-26), 96.3(C-1'), 36.2(C-2'),
79.7(C-3"), 57.0(3'-OMe), 82.3(C-4'), 69.9(C-5'), 19.1(C-6'), 99.9(C-1"), 37.3(C-2"), 79.5(C-3"),

57.6(3"-0Me), 69.2(C-4"), 77.1(C-5"), 18.3(C-6"). HRESQTOF m/z 869.4662 [M+Na]+(cald for CyeHz014Na)

IVo: &y 3.16(m, H-2), 5.41(d, J = 1.5, H-3), 1.74(s, 3H, H-4a), 3.93(m, H-5), 3.41(s, 5-OMe),

3.91(m, H-6), 4.57(m, H-8a), 5.76(dt, J = 2.2 & 11.3, H-9), 5.82(dd, J = 11.2 & 14.9, H-10), 5.66(dd,
J=9.8 & 14.9, H-11), 2.59(m, H-12), 1.11(d, J = 7.0, H-12a), 3.92(m, H-13), 1.47(s, 3H, H-14a),
5.13(m, H-15), 2.43(m, H-16), 3.62(m, H-17), 0.78(m, H-18), 1.85(m, H-18), 5.00(m, H-19), 1.15(m, H-
20), 2.13(m, H-20), 1.25(m, H-22), 1.66(m, H-22), 1.14(m, H-23), 1.43(m, H-23), 1.24(m, H-24), 0.76(d,
J =6.5 3H, H-24a), 3.04(m, H-25), 1.29(m, H-26), 0.93(t, J = 7.3, H-27), 4.75(m, H-1'), 2.24(m, H-
2'), 3.56(m, H-3"), 3.32(s, 3H, 3'-OMe), 3.12(m, H-4'), 3.65(m, H-5'), 1.18(d, J = 6.2, H-6'), 5.26(d,
J=3.2, H-1"), 1.56(m, H-2"), 3.35(H-3"), 3.35(s, 3H, 3"-OMe), 3.64(m, H-4"), 2.94(m, H-5"), 1.15(d,
J=6.2, H1-6") &¢ 173.5(C-1), 47.1(C-2), 121.5(C-3), 135.3(C-4), 20.2(C-4a), 78.4(C-5), 57.7(5-0Me),

80.8(C-6), 82.1(C-7), 141.4(C-8), 68.8(C-8a), 121.9(C-9), 126.8(C-10), 138.3(C-11), 41.2(C-12),
21.0(C-12a), 83.3(C-13), 136.4(C-14), 15.3(C-14a), 120.4(C-15), 35.2(C-16), 69.1(C-17), 38.0(C-18),
70.2(C-19), 42.7(C-20), 99.1(C-21), 30.7(C-22), 29.2(C-23), 35.6(C-24), 18.2(C-24a), 77.5(C-25),
26.8(C-26), 10.6(C-27), 96.4(C-1'), 36.2(C-2"), 80.9(C-3'), 56.9(3'-OMe), 82.2(C-4'), 70.1(C-5'),
19.1(C-6"), 99.9(C-1"), 36.8(C-2"), 79.4(C-3"), 57.6(3"-OMe), 70.2(C-4"), 77.5(C-5"), 18.2(C-6").
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[0197]
[0198]

[0199]

[0200]
[0201]
[0202]

[0203]

[0204]
[0205]
[0206]

[0207]

[0208]
[0209]

[0210]

ZIHSd 10-2017-0035346

HRESQTOF III/Z 883.4823 [M+Na]+( cald fOl‘ C47H72014Na)

Ivermectin F=A 1(IV1)e %= 3}sk2 13} o] AAS G o HMBC correlations 3T E FA| ST,
[2hek4) 1]

22,23-dihydro-25-methyl-avermectin

Ivermectin %A 2(1V2)9] Fx+= 3}sh2] 29} o] AASRN o™, HMBC correlations 3AERZ FAISFSI ).
[3}3h2] 2]

22,23-dihydro—25-ethyl-avermectin

Ivermectin XA 3(1V3)9e Fx%= 3482 33 o] AA3s9 o, HMBC correlations 3AEE EA8FATE.
[3}&4] 3]

5-methoxy-22,23-dihydro-25-methyl-avermectin

o

Ivermectin FX%A 5(1V5)¢] Tx+= 3}8h2] 49} o] AAS9 o™ HMBC correlationS AT R F AT,

[3}&+4] 4]
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[0211]

[0212]

[0213]

[0214]

[0216]

[0217]

[0218]

[0219]

[0220]

ZIHSd 10-2017-0035346

5-methoxy-22,23-dihydro-25-ethyl-avermect in

Ao g, #5F2 S, avermitilis SA-012] avermectin A4F 4
Aol AWMA A1 aveAlS S. hygroscopicus subsp. aureolacrimosus®] @wlwlo]2l AJ4E Fd Aol A
HA A2 nilAle 2 WASE v, 55 #57¢% & FHo 42 A JE9s Hehds g0 ¢ AN
o, milAle] Ad®E = ZHZF 22,23-dihydro-25-methyl-avermectin (CAS No. 137330-81-5; Ref:
DE4031039), 22,23-dihydro-25-ethyl-avermectin (CAS No. 71972-13-9;Ref: FR2387231), 22,23-dihydro-25-
isopropyl-avermectin(Z, Ivermectin Blb, CAS NO. 70209-81-3; Ref. US4199569), 5-methoxy-22,23-dihydro-
25-methyl-avermectin, 5-methoxy—-22,23-dihydro-25-ethyl-avermectin, 2  5-methoxy-22,23-dihydro-25-
isopropyl-avermectin (5, Ivermectin Alb; Ref. US4199569)< AAES & 4 AUt

°o]E %, 5-methoxy-22,23-dihydro-25-methyl-avermectin (3} 3; 1V3) ® 5-methoxy-22,23-dihydro-25-
ethyl-avermectin (3}8H24] 4; 1V5)e] Af-, 24 FF2& o8 SciFinder AAAA LXA3t= F2& A X
S vb, At sstEQ] Ao® ddH Y.

2-5.S. avermitilis DBM-01 AJAEAQI 1V3¢} 1V59] AE3H A

A7) AN 20l 4 AT SEHER BAE V3 (F8H 3) D 1V (844 9o ABEA BAE Brhelel,
7 SRERIE A HF L AF, 53 gUelole MERFRe AF TA (1) BYEAT 98-S

% 7 Aol e) A
SE L2 W3 R HES Aua 4B, deel 299 A9 438 dEom Aem,
7] #0lE A9S wF (o5en/disk)ol Inlg spray Aelsha, 1 WA 29 F 435E Ssa. o] 4

=4
)z okA| = o}ubalEl(Sigma) S AFEEFATE. wiEEuUare] AS 28ES fito
Aol A A F AFFS AW w0mke] FFeted 1 YA 29 F AES
A= ol vl e (Signa) & AHE-3EATH

* 2
Auto] Lo Az )3k V3 D V59 AEdHZ &4 (H2F)
=4 A T& A7)zt
194 297}
V3 0.6 ppm 100.0 100.0
V5 76.7 86.7
abamectin 100.0 100.0
* 3
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[0221]

[0222]

[0224]

[0225]

[0227]

[0228]

[0229]

[0231]

[0232]

[0233]
[0234]
[0235]
[0236]
[0237]

[0238]

[0239]

SIHS31 10-2017-0035346

wjFE bl el gk 1V3, V6] AEsh4 &4 (A58)

=4 Ay % 8717 (293H)

1V3 0.06 ppm 100

IV5 100
Abamectin 96.7

_—%,
ol
lo
:(o
o
)

2 7 40 vebd mlel go], 3gHE 1V3 % V4 thReE I vlusle] F% o]Ake]
o]
AN

AAe] 3. BE 7 wx HAE AR

ZE#Enlo|H 2 Uu|ulo] Al F 2 (S. mf]bemycfnfcus NRRL5739) 9] milA3 &Rl ZAet= 7H ZES S
avermitilis DBM-01¢] &2 AAF G427 7H 2EY 233817 Y3 HEE A9, A7) #Mg= 7H 2
E AA ke dFE x¥eta, SFE AT F5AHE 7HAE aved3, aveM FRIApe] A Ho] FF ko] 2o

A Fe= sk olsk, WE Al A S AAs A

3-1. 2E#AEv}o| A& Au|ulo| A YF A (S. milbemycinicus NRRL5739) genomic DNARHE] RE7 F4A &1

E2E 7 AA} 25 7 F KS(Ketosynthase) Z=m|olqt &5 #5291 S. avermitilis DBM-019] A& AF&3F +
Pz TE ] = Agsta ol WE FHAE FHs A ST $A milAY FEY A 9-oF mizt
WA 2 ~EFAEnlo| A~ dualol YT (S, milbemycinicus NRRL5739)¢] BE 79 7| o] d&A YA
wj &of | NCBIo| 5&% ~EHEnto] A~ F2AI A 2 (Streptomyces nanchangensis) HEE AEEulo] a2~
B A A A A (Streptomyces bingchenggensis) el milA39] G714 ES &8sl Zalo]lwE t)xF¢lsloT).

2E=Enlol A2~ dAulol A YA (S, milbemycinicus NRRL5739) genomic DNA ZH-E EE7] 3id3d= ¢
2 F A FdEHEA 2 BE ZF24Y37] 98], MA3-6503R = 2}o] ™ (TGCCAATGATCGCGATGGCCTCATC: A EHE
21), MA3-104Fin(A) 3 2}o] ™ (GGGTCAGTGGCACGAACGCCCATGTGATCCTCG: A EWE 22) 2 MA3-1368Ffu(B) to]w
(GGAGGCGTCCAGCGAACCCATCGCCATCATC: AW E 23)E Ab&abe] PCR(95:EONA 535 98%ol A 20%, 60%°lA 20
Z 2 68%FolA 68O = 30 AlolE; ¥ 68%olA] 104)S B3 &S F pCR2.1 WE|(TA F29 #E)d F=
Jakgitt. o] MBS pCR2.1-Mo7A, pCR2.1-Mo7BE W&ttt (&£ 9a 2 = 9b).

3-2. %% arm AZF

S. avermitilis DBM-01 w9 RE7 A d wAE do7|7] 93 AR AE A&, S. avermitilis
DBM-01 #2] genomic DNAS o} Zglo]HE ALE3}o] FZE35te] A4Z armel|l sEsls H92] fragmentES EH
sk 9, pCR2.1 HE(TA S=2¢ HE)ol| -z 23T

AA3-8600RH : aaaaagct t AACGGTGTGTGGAGCGTCAG (M EWE 24)
AA3-5597FSp : aaaactagTCGCGATCATTGGCATG (M LW S 25)
AA3-111RSp : aaaactagtGCTGGACGCCTCCATGGC (M EHE 26)
AA3-1369RSp : aaaactagTCGTGCCACTGACCCCGAAC (M EWE 27)
AA4-2300FNs : aaatctagaGCTCCGTGCAGACCGAGAAC (ML Z 28)

WE S 3]43}o] Nsil/Spel, Spel/HindIII A|sEA=E 7ﬁ—. A2l & ¢ ligation 3t F fragmentd &< 3
B2 oz grmo] WE st A== A 2sg ). WS pCR2.1-armA, pCR2.1-armB & WA TH =
9).

_4

g3k pCR2.1-armA, pCR2.1-armB #ME Y] %2 arm Alo]ZS Spel A|TEALE A=31, pCR2.1-mo7A, pCR2.1-mo7B
WEZ EcoRI 0 & Z#A] insertE 531 t). o] F @S Z+Z} infusion ligations Eaf Z2&sle] 7H &
E wA dge 7xE g4ttt o] WEHE 22 pCR2.1-A3Mmo7A, pCR2.1-A3Mmo7B= ™3t TH %9)
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[0242]

[0243]

[0245]

[0246]
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[0249]

[0250]
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[0253]

[0254]
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pKC1139 ®Ej e} pCR2.1-A3Mmo7A, pCR2.1-A3Mmo7B ®E]S Z}Z} Xbal, HindlII AlgtaA = X &3}ar, pKC1139 =
B fragment®} pCR2.1-A3Mmo7A, pCR2.1-A3Mmo7B ®E]¢] insert fragmentZ 7g&3le] pKC1139o] A3Mmo7A HE+
A3Mmo7B TZ7F Eo17F & HElE AFsth. o]E ZHZ; pKC-A3Mmo7A, pKC-A3Mmo7B HE]= Wit (=
9).

AAld 4. BE 7 WA 45 A 5 AA

m{n
X,
Lfok
rO

RE7 wA 9EE DBM-01 ¥ W2 =dA7IE, s Azl dodues fxske] S. avermitilis DBM-01
e wE7el milaze] ®E72 A dde #FE Suen, WIe Ba A4NE AFEAL
SRS

4-1.PEG-mediated protoplast transformatione £3§ #HE =¢

LysozymeS A@]38}e] protoplast® A|Z3FiL, pKC-A3Mmo7A(110), pKC-A3Mmo7B(110) ®E]E 4] PEGI000E A
g)eto] |, PEG-mediated protoplast transformations Z3] A7) WE S DBM-01 #F M2 =letaich. 2447
wjorsl & 37 (apramycin) S Ak, 9 ME S apramycin A3 FAAQ aac FAAS ol & 4 gl
= aac3iv-F Xeho] o] (GGTTCATGTGCAGCTCCATC: AJ¥lE 29) 2 aac3iv-R ko] o] (CGTCGCGETGAGTTCAGG: AWl
o 30)E ARgSte] =9do] o] F RS RISk

4-2.S. avermitilis DBM-01 #F= RE 79 A4

g719k el BET WAl WEe me] o]Foxl ﬁL of 12+ wakE Fi=stel #WE A7 S, avermitilis DBM-
01 ¢ genomic DNAY] AYEEE stk x 1 o]Z 93&}o], apramycin®] 25pg/ml L= H7}E ISP-4
AMAE Az T e =9l o AAdE colonyE HI F, FujE 1A ol streaking 3FTH. ©]
$ AL ®IZEE pKC1139 #H ] FAE& o] &ste] HEH7E HA E]E AL 9] fl8ke] 374 743wk
t}.
2}7} dojd el A aveA3e] RETS milA3 RE7Z A &sb7] 93 23F wAE FESIGHE
, apramycin©] 25ug/m FEE HI7bE ISP-4 A i< <} a3 A 7} 7'“7} EH A gFe wixE 7z}
zﬂmh, 12 wAE FEF S I1SP-4 1A wiAe] =wate] 22} wAE FEF T, apramycin AE F

4o H
© o
Q

TR 3R gFE Adseit. E]”*‘l Sl BRI FH FF9] genomic DNAE FE31e], aveA3 o] &
7, % milA3 W9 EE7 I ]Oﬂi A 7 UE #E‘ro]‘ﬂ(ﬁ 4HE A&t FRAe] WA AEEA o] F
o] HE=A Qgg}gjwﬂr (= 10). o5 B3 gr" a5 F AdMmo7A7} A" +FE S. avermitilis DBM-03-A,
A3Mmo7B7} Ad® #5 S. avermitilis DBM-03-B= W3l Th. S. avermitilis DBM-03-A ¥+ 20151 8¢

31922 7] “?ji KCTC12890BP & X-ofwigkal, S. avermitilis DBM-03-B #3= 20154 8¢ 31¥xt= 7]ehd
% KCTC12891BP & Yo ukqlr),

F 4
Primer Name Sequence £
Amo7i-F GTTGTCGGTGTTGCTTCCG (8T 31) aveA3e] BE7 <l
Amo7i-R CACATCACACGCAACAATCC (M <EHls 32)
Mmo7i-F ACATCAGCGGCCTCTACGA (M EHZ 33) i1A39] 2E7 ¥9l
Mmo7i-R CCAGGTCCATCACTCCCTIC (MW s 34)
4-4.2E7 @ 27 Y2 F9
RET7 A% 775 dsty] g S S wiAS ALt sgE wAE A4 Az o iAE Ax

&7] 93}e], soluble starch 30g/L, yeast extract 15g/L, KH,PO, 0.4g/Le] H=7} H == Ak Dfol| &3t

sto] W7 F§s] AolFa, Fwe] 4> ¥, g Corn steep liquor & 5g/L9] F%7t HE=F H7FsS

of
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[0255]
[0256]
[0257]
[0258]

[0259]

[0260]

[0262]

[0263]

[0264]

[0266]

[0267]

[0268]

ZIHSd 10-2017-0035346

of. =3, A WX E AZF7] 9l8le], soluble starch 80g/L, soybean meal 10g/L, skim milk 15g/L,
KHPO, 0.5g/Le] §=7F H=5 AA4ke] Dol Egtete] wnbr|= F&3] 4lol5aL, piE 7.2% uvtE 5, 121,
TS AT AL sl JES a7 S FES| BET] g, 7] Az T4 ouiA
¥ 250ml baffled flaskel Yil, 5 mycelium® agar plateZ%-F 1lloop® WA Fv wx|o]
Fetdh. 230 rpm 2 28% ZASbl A 48417F Fob wiFslRivh. 3 AAIA] 25m1S H¥ 250ml non-
baffled flask Wil Fv wldd 1.25m1& HEE F, 230 rpm 2 28% Z7A3lolA 10¢ <t mdaisict. A
AhjgorRE Y =4S FE37] sk, 718 v (acetonitrile @ MeOH = 1 @ 1 &3 &) 1.5ml3}
vkl 0.5mlS 413l SE3] vortexingdtSitlh. 583F sonication ¥ §F, 1A1ZF & wksSIth. 120001 pmol A

5E7 AN T F FFA Astel B,

15%7F 3L
1S5 ¥

o,

@ RS ofdel 271604 HPLC/WD E4& Fal BAlaladn),

Bl
N

- Mobile phase : Acetonitrile/Water(v/v)= 40/60 v/v, 90/10 v/v, 90/10 v/v - Flow rate : 0.7 ml/min
- wavelength : 245 nm
- Run time : 40 min

I Ay, duulolaAl FFEE Sl HPLC AFolA Y2 milbemycin A39} A4 peak (&= 1la Fx)7} S.

avermitilis DBM-03-A (&= 11b #=), S. avermitilis DBM-03-B B (&= 1lc FF*)9 HPLCEA Ao M=

FAAES P E 11a WA = 1lc Fx).

23t S wjdEe] =53 AAHE F, HPLCE 32l 3 milbemycin A3, milbemycin A4 ©]£]¢]
= AAIEFR Y. 1 A3, HPLC Aol H.9l major peakel]l ™3t mass #4213 AA|5le] ExpeF

< |
=
S ZAZ AS5YES u, milbemycin a2, milbemycin a4, milbemycin G 7F AA HUSS AT 4 I}

AAe 5. aveA3e] HolE 913 milA3 4] WEI(milA3 integration vector) A2t

olel el Wwwlolale] AT-DH EHEIF 99 2 KR-ACP &3t 999 A7|Md B4& T8 #%52< amino
acid® FYeE ANHE A3ko] dojub= fusion siteR ARSI, amino acide) A Qe W3lE Fx I
el A Agas sited E=HJsIATE. A7l 25 = 130 YEhiew, &rle fAax ¥wdEE

W o] Alxe] AFAle o5 ATt

7] AAld 2-300l A Al AtE ~EFEulol M2 olwn|dE] 2 DBM-012] aveA3 Akl EE 79 DH LEHIQJIE-H
EE 99 KR LvWlE X3k 999 IY FHA FHE 2EfEnfoAl FHnfo] AU (S,
milbemycinicus NRRL5739)¢] &2 A2 GAAT milA3 §-21=te] 2E 79 DH = QRE =& 99 KR &<l
¥ 99 mY FAA B9z AFsr] 93 HEE AZSIRT. o] WME = milA3e] RS ¥eetu o

1
Az AT Fedes A= avel R aveAd A9 o] & Lok ddE Jez sl

=

5-1. MilA3 & 2& 74 DH =xIIFE 2& 99 KR =vI7A9 29 FA% F949 1

duutolal ik #5591 ~ESEntolAl unfo]l AU T2 (S, milbemycinicus NRRL5739) 2F-E1 2] milA3 R&
7 DI~2E 9 KR 9971419 2Y FAxe] FHE $8 NCBIol 55" T v Udvjolxl A #F AEHE
ulol Al WAAA X (Streptomyces binchenggensis)] Wwufo]lal ZAElo|= FAF Ao F7Id e 835}
o, 3719 & 59 #S QUINER Zgo|wE HARISIITE (A2tstiiA} 3k DNA fragment7F wi-$- Adis}e],
37Me] 9 (fragments) =2 WU-ro] PCRE F3s 5, sl7]9] AAld 5-39] AAE 3 FAAF).

* 5
Primer |Sequence (5'— 3') 4=
DK1F GCGTCCGGGGTCGACATGGGATGCAGGCCTGAGCGGTTGATGCGGGCCCG (A ¥ HZ 38) |Fragment
1‘
DK1R ATGGGACTGCGGCTGCTTAAGACCTCACCCGTC(A B 3. 39) 34
DK2F GCTAGCGGGGTGTGGTCG(AM EH & 40) Fragment 3
DK2R TTCGAACACGCGGGAATCGAC(A W S 41)
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[0276]

[0277]

[0278]

[0279]
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DK3F GCATGCCGTGTCCACGCGCCC(AM EHE 42) Fragment
5-6'
DK3R ACACCCACCCCCACAACCACCACCTAGATCTGCCCACCTACGCCTTCCA(A G 5 43) A

&7

glo|ME Alg3te]l dojx 7} fragmentE PCR (1. 97 C 3%, 2. 72T 13, 3. 98 C 10%, 4. 55 C
.68 T 13 30%, 6. 2] 3~ 2® 5 of w331 Alo]F w¥HE =3 7. 72 T 10%, 8. 4 C, 9. end)
=3 =Z3ltt. 7+ fragmenti= pGEMTeasy ™E] (Promega)ell E=9 % o] DNA sequencings =3 G744
golslgitt, o]} o] dolzl WEE pYJ1950, pYJ1951, pYJ19522 WH 3Gt olE 7 Zganto)
insert+ %149 fragment 1', 3%} 5-6'°l] 3iE3b, Z} fragments= =24 fo]AS 93] milA3 EE 79
DH =wrRIFE 25 99 KR =rd]l @ol EAsk= Adtas A5 Fxste] dadl sl

=,
=

tlo o &

o

5-2. Left arm & Right arm® AF

2E=Enfo] 2 olWn|dE] 2~ DBM-01 #F2 =& 7 DI~EE 9 KR 9494 FeA=ES 53 uaE do7)7]
sl ZF HEE AAtetdlth. 2EsErfo] A2~ O}Hﬂ‘?l%?/l* DBM-01 ¥5-¢] genomic DNAE F& o= ARE3haL,
DKLF/DKLR 2 DKRF/DKRRZ2}o|HE o] &3lo] (o}l & 6 =x), milA3 39 2E 7 DI~EE 9 KR Y9
AZA=E left @ right flanking 99 fragmentS PCRE 3H 3 T, Z+Z pGEMTeasy ®E]o] =243}, o]
W Z} fragments 94 = nilA3 97 FF5AHS ZIEE URQl HYa o]E Z+ZF pYJ1948 E pYJ1949% W
SRk, A7 ZHav =9 insertt & 149 LASF RACl st}

£ 6

Primer Sequence (5'—3") £x

DKLF AACCCGAACGACCGAGCGCAGCGGCGGCCGCGAATTCATACGGCTACGAG |Left arm (L
GAT(M G S 44) Aol Azt

DKLR CTCGACCGCACCGACCGGGCCCGCATCAACCGCTCAGGCCTGCATCCCAT
GTCGACCCC(A EH T 45)

DKRF GCCAGTAGCGGCGGCGCTGGAAGGCGTAGGTGGGCAGATCTAGGTGGTGG [Right arm
TTGIGGGGGTG (M EH F 46) (RA)<] A1z}

DKRR CTTAGGACCGTTATAGTTACGCGCTTCCTCGCTCACTGACTTTAATTAAA
AGCTTACGTTTCGCTTGCCGATG( A E W 3 47)

5-3. milA3 AR %= armo] A€ FH vector A|F

2EEulo] M2~ dulo)l A Y2 (S, milbemycinicus NRRL5739) Z4-E12] PCRE 3] TR milA3d oS *
greh= plo-29E B ple-4WE & AlZekar, pM5-29E o AlFtas AfII1/BmtIE Aelste] =149 fragment 2
E dglom, pM6-4WElo] AgE A BstBI/SphlE A eldte] =149 fragment 48 FHH &)

A7) 34 B FAHer s Askd e g

2EREnlo] Al Uuulo] AJUF 2 (S, milbemycinicus NRRL5739) 9] milbemycin AAHFAA-S F2Y357] $
3le], 2E@EunlolAl2~ WAAA A (S, bingchenggensis BCW-1) 2] genome 7|4 E AKX (Accession no.

CP002047.1)& 7IWrC.= milA2, milA3, milAd4 A& X3dh= 61kbe] & ZH7F 10kb 4 67] Yoz
o] Zefolm & YAl S THE 7 H = 19 Fx)

Fz7
Fragment |Primer Name Sequence 4=
ke
M1 M1171-INF aaaatgcat CTACCGCCGCTTCAACAGC(AM I & 48) Fragment 1 =
M10810-1R aaaactagt GGAGAGGAAGAAGGAGAGCCG(M EHH T 49) =
M2 M10762-2NF aaaatgcat CACCCACACAGGACAGGGA(M BH 3 50) Fragment 2 =
MC20300-2R aaaactagt ATGACAGGCCGGGTACATCA(M € S 51) =
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M3 M20255-3NF aaaatgcat CGCGTACCTGATGTCCCTGA(AM P & 52) Fragment 3 =
M30434-3R aaaactagt GGCCACACGGTCTTCATCG(M EH S 53) =
M4 M30377-NF2 aaaatgcat CCTGCACACCGACCGAGAC(M I & 54) Fragment 4 &
M40160-4R aaaactagt ACCTTCGTACCCGTCTCGC(AM M T 55) =
M5 M40091-5NF aaaatgcat GTGCGGACGATCGTGAGAAG(M EHH S 56) Fragment 5 %
M50273-5R aaaactagt AACACGCGGGAATCGACC(M X 57) =
M6 M50196-6NF aaaatgcat GTAGTCCGTCGGCATCACAC(M EHH S 58) Fragment 6 %
M60390-6R aaaactagTCGAGACCGTCCCTATGTCC(M XS 59) =
M4N M30290-F ACGTCAGGAAGCGGTTCA(M @ T 60) Fragment
M34887-R CGTCCGAACGTTTCTGGA(M B & 61) VAN S
M4CN M4MA502F GAGCTCCAGAAACGTTCGG(M BRI 5. 62) Fragment
MAF7910R GGATCGTCAACATCTCCTCC(H S5 63) MACN 5
M4CC M4C-ScF CGGCCACCAGAACACCTTIC(M EH % 64) Fragment
MAC25R ACACGCTTCTCACGATCGTC(A E ¥ & 65) M4CC T
o&o) % 89 HHOE PR & mixtureS A %8k
# 8
PCR & mixture®] %A
Component 1 reaction G (uL)
5X GXL buffer 5 Primer& <3t
2 5 mM dNTPs 2 component & X =9t
S. milbemycinicus Genomic DNA (1/50 2 F 21 ul / tube 7}
dil.)
DW 16.5
PrimeSTAR Pol. 0.5
Primer for. (N), 5 pmol/ul 2
Primer rev. (C), 5 pmol/ul 2

7] mixtureol thsle] MyCycler (Bio-Rad AH)E& AR&3dte] th22] ¥ 99 FZ7oA PCRE F3sk3ith

Z9
Step Temperature Time Cycles
First denaturation 95 T 5 min 1
Denaturation 98 C 20 sec. 30
Extension 68 T 10 min
Final extension 68 T 10 min 1

ZZ% DNA fragment 5 milA39] T 5= fragment?l M59F M6Z pCR2.1 TOPO cloning A|Z2®l (Invitrogen, W]
)& ol&sle] F2Y3laL E. coli Dibas A AWSste] Zh2)k pl5-2, pl6-45 R3S

A7) Aol fragments$t, A7) #E 59 Zglo|w DKIF/DKIR, DK2F/DK2R, DK3F/DK3R = A&3F PCR 2¥E 2
left, right flanking 993 GAZHOE overlap PCR W EA422 ligation¥3S E3lo] pLitmus28
(NEB, ®]=7) ol 4] gt fragment@ <AZAIATE. o9} o] dojxl AxF HEE pYJ19572 HW 3slal, o] ZH-E
EcoRI/HindIII AlgtaA HEZE B 92 left flanking region—milA3 ®5 7 DH~EE 9 KR-right flanking
regiond pKC11392 %7 milA3 2% 7 DH~-EE 9 KR d99 23S 943 AxFd WM (mila3 49 #E;
milA3 integration vector)E AZSFTHE 14 FZF; LA: left arm; RA: right arm; 1', 2, 3, 4, 5, 6:
fragments). ©]Z pD7K9milA3o 2 W3t (HEHE 80; LA: 6074-7261 9); 1': 7256-10476 H-9; 2:
10471-15043 F-9]; 3: 15038-17193 ¥-9]; 4: 17188-20776 ¥-9]; 5 2 6': 20771-21226 F-$]; RA: 21221-22436
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[0292]
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[0297]
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591

AXd 6. milA3 A% PE (nilA3 integration vector)Z7} AYE #F AF 9 AAEA &9l

A7) Ao 5-3o4 A ZE milA3 integration ™E] (pD7K9milA3) = S. avertmilis DBM-01 o W= =9UA
AEAZGTe] doJyeE F-=3510] S. avertmilis DBM-01 w79 aveA3 A7} milA3 A= X%

7]aL, 2
Felo) #5FE Fushn, WES Ba YT ATELS Fss

6-1. APgHES T A =9 A 742 A&

(trptone 16 g/L, yeast extract 10 g/L, NaCl 5 g/L) T+ LB (peptone 10g/L, yeast extract 5g/L, sodium
chloride 10g/L) A A& o] &3te] 37 TollA wiFslsict. 12 Azk ¥, 1 ule] wjgdS 25 mLo] 2xTYOl
#7]3L, 37CelA 33 W% (optical density)7} 0.60] 2 wj7}A] wiFativk. wigFdo]l MEE FLT HA
A2 F H AlHS 5, 500 uLe] 2xTYE HEste] Aol st 2EsErfoly 2 opdn]Ea] 2~ DBM-
019] EAN 30-50 uLE YAEZ (12,000 rpme.Z 10&7H)3Faz, 500 uLe] 2xTY o e 3 50ToA 108
T E5AE Uhste dAM S EHlEik. dol BISIE E. coli EEN 500 uL¥ d7] EHlE AR
500 uLS A= &3 & MS (agar 20g/L, D-mannitol 20g/L, soya flour 20g/L) ®vjA]o] Z=¥3}e] 28CoA 24
AIZE Fek ek F e 214t (nalidixic acid)¥ oFZeiwlo] Al (apramycin) 7t ImgS wiA|9lo] =walqivt.
7~109 H olxZmtolal AFAHE AW FRYE AWEtaL 37 ColAe wYS Fd FA AIA oF-5 A
ol & Ax} ~E"F (streaking)S E3] 9& F=Z1o| s PCR & PCR ZAHEd| th3+ sequencingS 33}

dujere Bal olRmaAlE fEeli, o ofxetulolsle] A7kE IsP4 A
KR z

[SP4 aiA|uf«]el] ztz}h mdsto] ofszetuioldl ARAHE el E2UE Adst

&7 AHE ISP4 aAlwiA| o) 2445 ofef el 3 100 YERHATH:

£ 10
Reagents /L
Soluble starch .o
KH P, 1.0
MeB0.TH:0 1.0
Hall 1.0
(NH, ) 250, 20
Calls 2.0
Trace s5lt solution 1 ml
Agar 0.0

PCR A& Fell 2T milA37F A &d ojxbwat #3571 guy
2 YeR AT

7)ok 2ol EHE #F5 S, avermitilis DBM-03-CE B3l tl. S. avermitilis DBM-03-C ¥+ 2016
39 24UdA=E s APEE GFAlel A= A H AT A (Korean collection for type cultur

32

o A7l EF A AAE = 150 EAAS

i
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[0301]

[0302]

[0303]
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[0306]

[0307]

[0308]
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e)oll 71€8te] 4285 KCTC13083BPS o] ikqkt}.

6-2.mi1A3 X|&AF9] W&

Milbemyci®] AAFEe1S 9% FHF L PAMFE FARAO, o u FEE WA 2HL Beel E 11

o R 2

F 11
Seed culture g/L Main culture g/L
Soluble starch 30.0 Soluble starch 80.0
Yeast extract 15.0 Soybean flour 10.0
Corn steep liquor 5.0 Skim milk 15.0
KI1.PO; 0.4 KH,PO, 0.5

7} ®2ko] soluble starch, yeast extract, corn steep liquor, @ KH,PO,Z DWol Hojx &3Hs & NaOHE A+
f3to] pll 7.2& wE T 121TColM 20 B3 metabdatich.  ISP4 umAwix] (A7) ¥ 5

milA3 @& 5 (S. avermitilis DBM-03-C)¢] EA && myceliumeS o] ZviAo] HEI H 28

230rpmoll A 40~48 A|ZF wjdte]l FEufdFNS F£nH]EAYE.  Soluble starch, soybean flour, skim milk,
KH,PO,E DWoll s5o]a pll 7.20] 93 Alzgk Axbult wiX & S vix|e} 42 2stoA] gk I3
Ak eE Wl X F F3e] 5 % HE2 A EHE FEiddS AEste 230 rpm F 28 T A 10~15
7t v skt

4 oyn

e

6-3. Y229 = H 24

S 93 A8 AAYE Hsted, A7) dojz wjkl 0.5 nLe Y B39 acetonitrile 2 methanol &
4 (acetonitrile:methanol=1:1 (viv)) T+ Y H39] ethyl acetate 9} &3}8F] 2 ¥3F vortex HE]
o FE& TG, 5w ARSI 1Y ES ALt A5 dTks FHsuoh 5

=
=5 33 WHEsle] BAAEE RESY. A7) grRE Al3% HPLC 2 UPLC-qTOF-HR-MSE &

O NI S
Eli)
=
(=)
ML
N
B
S

HPLCE PDA detector®} gradient pump® A% HPLC system (YL Instrument Co. Ltd)3}ellA] Phenomenex Luna
(4.6x100 mm, 5 mm) columns ©]-&3Fo] 3}, & 7]Wke] 0.05% (v/v) trifluoroacetic acid (TFA)E &
W) AR S}l acetonitrileS €W B 2 i ¥ 129 #& &) 71E&7])E AFRSFo], 238~245 nm ©lA4] 1 ml/min
o] flow rate® % 60 &7+ AlHE X&),

* 12
Time (min) | 0-05% TFA in water (B(w/¥)) Acetonitrile (E{v/v))
] B0 40
5 B0 40
35 10 a0
L) o 90
&0 B0 40

Milbemycin A3/A49] 30%/70% (w/w) X< milbemectin (Bioaustralis, Australia) @ milbemycin D

(Bioaustralis, Australia)E AF&3}e] ¥ HPLC 4 ZAAAM 9] &3 milbemycin® retention time (RT) %
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[0310]
[0311]
[0312]
[0313]
[0314]
[0315]

[0316]

[0317]

[0318]

[0320]

ZIHSdl 10-2017-0035346

245 nmol| A1 9] absorbanceE &R1etth. 7] EHE AR (S. avermitilis DBM-03-C #5)¢] AH =2 &
A% AxE = 169 YeERRAY. T 16914, (a)E EFE milbemectin (Bioaustralis, Australia)
milbemycin D (Bioaustralis, Australia)®] &4 A3E, (b)& S. S. avermitilis DBM-03-C <] AEH
A A3s 77 BolErh. = 169 yebd vkl o] A7) S, avermitilis DBM-03-C w53 milbemycin A3
(CAS NO. 51596-10-2), A4 (CAS NO. 51596-11-3), alpha2 (CAS No. 51596-12-4), D (CAS NO. 77855-81-3),
alphad (CAS No. 51596-13-5), = G (CAS No. 83471-31-2)% FAH+= ¥AZ s 5= lar, o] FolA,
milbemycin A3, A4, ¥ D= XEF3¥ milbemycind L3 RIS AHS &AE 4= 9t}l. 53] milbemycin A3,
A4 2 DR FAEE peak® ETF milbemycin ¥ TYT RT #hS AHLS & 4 Ak, = 169 HPLC &4 2
Fol] et 7+ E4 9 RTE v At

Milbemycin A3 RT: 29.0 min

5, Hm

=
RS

Milbemycin A4 RT: 32.1 min
Milbemycin D RT: 35.4 min
Milbemycin alpha 2 RT: 33.7 min
Milbemycin alpha 4 RT: 36.3 min
Milbemycin G RT: 39.4 min.

HPLC ol A milbemycin®® FAH= o] xS nlustr] 9)3ske], UPLC-qTOF-IR-MSE the3h 2ol 3
shadvk. 71 HPLC BolA #4€ o4 T/ milbemycin® T3 A @5 Xselect® CSH column XP
(2.1x100 mm, 2.5 um; Waters) < %3l Waters XEVO® G2S Q-TOF mass spectrometer; Waters) Aol A 2135}
ot o] wj A8 &u] 7]&V]E ol & 13¥ o] T

* 13
Time (min) | ¥ater (vol%) Acetonitrile (volX)

0 50 50

1 50 50

7 25 5

15 o 90

15 o 30

20 50 50
F7] ol Ay e @ﬂre = 17a WA 17 HERRIT (== 17a: “‘Hﬂu}ow A3; = 17b: Awjue]
Ad; = 17c: EQHﬂU}Olﬁﬂ D; = 17d: E#nfo]Al alpha2; = 17e: E#|nFo]Aal alphad; &= 17f: ZLH|rto]al G)

% 17a WA 17fo] vjebd vle} o], milbemycin A3 | FslE m/z=527.3014, milbemycin A4 & a2 A%
St m/z=541.3171, milbemycin D a4E YEE m/z=555.3327, milbemycin G ZkSl m/z=569.3484-%
negative ion modecll A &<Igt = gllow, ztz} Fare] dejxl EAF 2 dAshs ow Kol AlxtE A
=3 ~Eg|Enfo] A2 opW| 2u]E ]2 DBN-03-C 7} dHulolals AAFEHS & 5 ATt
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k1
:
[\

Neol

pCR2.1-NM

NM

fragment cr

fragment

pCR2.1-milAl
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k1
N2

121
181
241
301
361
421
481
541
601
661
721
781
a4
901
961

BarnH|

BGA TCCAGGACCORE0GEAC ACCCOCCHEGECOR0C GOCACTGRACOGTTCOCOCTGRAT
GSRARTART PP KA AT G&PEPLH
ACCCROCTCRECEGT CACGLOOCGECCEAGCAGCAC GABATGCTGCTC TORCTGETCCGE
LBt GG H.8PAERHNE ML LSLYB
TCCCADRCCROCCTORTGCTBREC0RCEACRA TCCRGACACEET CCATCCCAR0RCACAC
S HA ALY LEGRDLDDPRETNY AP GAHR
TTCCE0GGCC TRERCTTCRACTCCCTGACCACEGTC GAGCTCOGCAACCEECTCAACECE
FAGg LGF D B8 LT A&XYELSRNRELNA
GCCACOGGCCTOCERUTCTCCACCACCCTORTCT TCGACCACCCCADGCCCRACGAACTE
AT & LAEETTLEMNMEERET EBE E
GOCCATCACGTCCGRGAGCAGR TRCTERACEACEGE GAAGEGECECEAGTGROCOCCETE
ARHVAREQVLGDBEAARYAPRY
TTGECGGAGC TCGACAAACT CGAATCCGCOCTCTOCGOCCTCRACARAACCGACAGCECT
LAELDKLETSALZSALDEKTDS A
AGCGAAGAGTCACCCT GORGC TGAAGTCACTCATGTTGAGGTGGAACGCACCCCAGTAT
SERVTLRLKSLMHMHLRWYNAPI QH
OCGACAGCCGAAAGOGCTGATGACGACGAGAAGT TCACATCGECAACAGAGGECTGAGATT
PTAESADDDEKTFTSATEA®BAE
TTCAAATTCATTGACAACGACCTCGRCCTGTCCTRAACCGGACGOCTGOCACTCOGCCCGE
FKF I DNDLGLS 2
TATCCECTGEGCOCTGCTAGGACGTGAATGCAATTGGCGAA TGAAGCGAAGCTOCTGEAA
M2 Lok NOE AR E L E
TACCTCAAGCGLGTCACTGCGEACCTGRACOGCACT OGCOGTCGOC TGTACGAGGTGATC
Y L'KEBY T &80 L D8 THERRBRLYENY N
GAGOGTGAGCAGGAGCCGATCGCGATTGT GOGGATEGOGTGTCGT TACCCAGGORGGE0G
EREQER D ALYESWAECRYPRGEA
ACGTCACCCACGOGACT GTGRCATCTCGT CAAGT CCCAGACGRACGCTATCOEREAGT TC
TSR TRLEHLYKESGTD AL GEF
OCGACOGACCOTGEATGEAACC TGGAGCAGCT CTACGACOCGRACCOCGACOGCTCAGGA
PT DREGNNLEQLYDPREPD RS G
ACCAGTTACACGCGCAGCGEAGGRTTTCTCTATGACGOGGGCEACT TCGACGLOGLGT TC
TENYTARSSE G'F LY ik @D F.B AR F
TTCGAGTTGTCACOGOGTGAGGCGCTGECAAT
F E 'L §:P BIE Aule & =epim
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MilAl sequence
(Module 2)

Identical sequence

AveAl sequence
(Docking domain)

AveA2 sequence
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HindIIL BamHI

HindIl

pGEM-B2

pCR2.1-CT 2934bp

y—amp prom

BamHI/HindIll amp marker

pCR2.1-CT-Ac
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Vector seq.

FanERen

pCR2.1-CT-Ac

MN-term. Of AveA2
i+11 kb)

pCR2.1-CT-Ac2
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bla pPUCari

KmP

pCR2.1-CT-Ac2 pCR2.1-NM

Xbal/Ndel

pCR2.1-milAl-Ac2
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pCR2.1-milAl-Ac2

Adu-M1Age

pCR2.1-Adu-milAl-Ac2
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pCR2.1-Adu-M1Age
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MilAL12 795 bp
1288 ke 1719bp

B >
AveD  UP AveAl l ‘

EcoRV (258506)

AveA2 (18220-36939)

,', 1x mk

1 a ¢
~ AveRtAveD AveAl (6250-18168)  AveAl AveD MilAL 12,795 bp AveA2 (1822036039
AveF 1449bp

2M crossover

MilA1 12,795 bp AveA2 (18220-36939)

AveE
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A:aveAl X|9¥ (2.2K)
M : milAl X| < (2.4K)
RN : N-fusion (4.0K)
RC : C-fusion (3.3K)
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kmt  PCR2.1-Mo7A(B) kmt  pCR2.1-armA(B)

MoTABICH

bl pUCon

EmF

pCR2.1-A3MmoTA(E)

pKC-A3Mmo7A(B)
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EHI10b

DBM-03-A E¢l

A control M control

M

DBM-03-B 9!

control #1 #2

A M A M A M
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Leo
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Time
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=182

Milbemycin 1} Avermectin

Milbg#lycin
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Mil gene cluster (1024133-1085642)
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Dongbu Farm Hannong Co., Ltd.

Ewha University - Industry Collaboration Foundation

Recombinant microorganism producing milbemycin and method for

producing milbemycin using the same
DPP20163328KR
KR10-2015-0133892

2015-09-22
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<160> 80

<170> KopatentIn 1.71

<210> 1
211> 18
<212> DNA

<213> Artificial Sequence
<220><223> AINT2-F primer
<400> 1

gaaccgtgtg cggaagaa

<210> 2
<211> 19
<212> DNA

<213> Artificial Sequence
<220><223> AI1CT1-R primer
<400> 2

atcaggtcgg tgagacggt

<210> 3
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> A1CT1-F primer
<400> 3

gcaaggtcgt ctttgtgtge

<210> 4
<211> 19
<212> DNA

<213> Artificial Sequence
<220><223> AICT2-R primer
<400> 4

ccaccaactc gatatgggce

<210> 5
<211> 17
<212> DNA
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<213> Artificial Sequence
<220><223> A2-404F primer
<400> 5

ggcgetggea atggacc

<210> 6
<211> 34
<212> DNA

<213> Artificial Sequence
<220><223> A2PH-1500R primer
<400> 6

gattacgcca agcttggetg attctccecgg gacg

<210> 7
<211> 19
<212> DNA

<213> Artificial Sequence
<220><223> AveD2-F primer
<400> 7

gatgacggaa atcccctgg

<210> 8
<211> 18
<212> DNA

<213> Artificial Sequence
<220><223> AveD2-R primer
<400> 8

agaatgaaag gagcgcega

<210> 9
<211> 33
<212> DNA

<213> Artificial Sequence
<220><223> MAINU-F primer

<400> 9

gaggacacag ctcagttgcc caaagcccag aac
<210> 10

<211> 19
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<212> DNA

<213> Artificial Sequence
<220><223> M1Age-R primer
<400> 10

tgatcgaaga gccgggagt

<210> 11
<211> 33
<212> DNA

<213> Artificial Sequence
<220><223> PHR-M1Ag primer
<400> 11

ccggetcectte gatcaagett ggegtaatca tgg

<210> 12
<211> 34
<212> DNA

<213> Artificial Sequence
<220><223> PXF-AD2 primer
<400> 12

gggatttccg tcatcaaget tggcecgtaatc atgg

<210> 13
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> aveFi-F primer

<400> 13

ggcaacacca accgtgagat

<210> 14
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> milAli-R primer
<400> 14

gatgaccgag gagtggaacg
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<210> 15
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> milAli-F primer
<400> 15

gtactggacc tgttcgageg

<210> 16
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> aveA21-R2 primer
<400> 16

atgaatgcgg tctttectge

<210> 17
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> aveAlC-F primer
<400> 17

ggactcgctg attcggacaa

<210> 18
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> aveA1C-R primer
<400> 18

ggagcagatg aatgccctcet

<210> 19
<211> 20
<212> DNA

<213> Artificial Sequence

<220><223> milA1C-F primer

_72_
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<400> 19

cctgtgggag ttcatcaccg

<210> 20
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> milAI1C-R primer
<400> 20

cgagattgtg gtggacgagg

<210> 21
<211> 25
<212> DNA

<213> Artificial Sequence
<220><223> MA3-6503R primer

<400> 21

tgccaatgat cgcgatggece tcatc

<210> 22
<211> 33
<212> DNA

<213> Artificial Sequence
<220><223> MA3-104Fin(A) primer
<400> 22

gggtcagtgg cacgaacgcec catgtgatcce tcg

<210> 23
<211> 31
<212> DNA

<213> Artificial Sequence
<220><223> MA3-1368Ffu(B) primer
<400> 23

ggaggcgtcc agcgaaccca tcgecatcat ¢

<210> 24
<211> 29
<212> DNA
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<213> Artificial Sequence
<220><223> AA3-8600RH primer
<400> 24

aaaaagctta acggtgtgtg gagcegtcag

<210> 25
<211> 25
<212> DNA

<213> Artificial Sequence
<220><223> AA3-5597FSp primer
<400> 25

aaaactagtc gcgatcattg gcatg

<210> 26
<211> 27
<212> DNA

<213> Artificial Sequence
<220><223> AA3-111RSp primer
<400> 26

aaaactagtg ctggacgcct ccatggce

<210> 27
<211> 28
<212> DNA

<213> Artificial Sequence
<220><223> AA3-1369RSp primer
<400> 27

aaaactagtc gtgccactga ccccgaac

<210> 28
<211> 29
<212> DNA

<213> Artificial Sequence
<220><223> AA4-2300FNs primer
<400> 28

aaatctagag ctccgtgcag accgagaac
<210> 29

<211> 20

SIHEdd
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29
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<212> DNA

<213> Artificial Sequence
<220><223> aac3iv-F primer
<400

> 29

ggttcatgtg cagctccatc

<210> 30
<211> 18
<212> DNA

<213> Artificial Sequence
<220><223> aac3iv-R primer
<400> 30

cgtcgeggtg agttcagg

<210> 31
<211> 19
<212> DNA

<213> Artificial Sequence
<220><223> Amo71-F primer
<400> 31

gttgtcggtg ttgctteeg

<210> 32
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> Amo7i-R primer
<400> 32

cacatcacac gcaacaatcc

<210> 33
<211> 19
<212> DNA

<213> Artificial Sequence
<220><223> Mmo7i-F primer
<400> 33

acatcagcgg cctctacga
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<210> 34
<211> 19
<212> DNA

<213> Artificial Sequence

<220><223> Mmo7i-R
<400> 34
ccaggtccat cactccctce
<210> 35

<211> 1005

<212> DNA

primer

<213> Artificial Sequence

<220><223>
<400> 35
ggatccagga
acccgectceg
tcccacgecg
ttcegeggee

gccaccggcece

gccecgteacg
ttggcggage
agcgaaagag
ccgacagecg
ttcaaattca
tatccgetgg

tacctcaagc

gagcgtgage
acgtcaccca
ccgaccgacce
accagttaca
ttcgagttgt
<210> 36

<211> 19

pGEMB2-MA-DOWN-fu (Fig. 3)

cccggeggac
gcggtcacge
ccctegtget
tgggcttcga

tcecggetctce

tccgggagea
tcgacaaact
tcaccctgceg
aaagcgctga
ttgacaacga
gcectgetag

gcgtcactge

aggagccgat
cgcgactgtg
gtggatggaa
cgcgceagegg

caccgcegtga

1

accccecgeg
cccggecgag
gggceegegac
ctceectgacc

caccaccctce

ggtgetggge
cgaatccgcec
gctgaagtca
tgacgacgag
ccteggectg
gacgtgaatg

ggacctggac

cgcgattgtg
gcatctcegtce
cctggagcag
agggtttctc

ggcgetggea

gcegeegecea
cagcacgaga
gatccggaca
gcggtcegage

gtcttcgacc

gacggcgaag
ctcteegecc
ctcatgttga
aagttcacat
tcctgaaccg
caattggcga

cgcactcgcec

gggatggegt
aagtcccaga
ctctacgacc
tatgacgcgg

atggaattca

ccgggeegtt
tgctgctctce
cggtccatcc
tccgcaaccg

accccacgcece

cggegegggt
tcgacaaaac
ggtggaacgc
cggcaacaga
gacgcctgece
atgaagcgaa

gtcgectgta

gtcgttacce
cggacgctat
cggaccccga
gcgacttcga

agctt
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cceectgeat
getggtecge
cggcgegeac
gctcaacgcc

cgacgaactc

ggccecegtg
cgacagcgcece
accccagcat
ggctgagatt
actccgcececg
gctcctggaa

cgaggtggtc

aggcggggcg
cggggagttc
ccgctcagga

cgecgegttce

19

60
120
180
240

300

360
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600
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780
840
900
960
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<212> PRT
<213> Artificial Sequence

<220><223> MilAl sequence (module 2) and AveAl sequence (Docking domain) in

pGEMB2-MA-DOWN-fu (Fig. 3)

<400> 36

Gly Ser Arg Thr Arg Arg Thr Pro Pro Ala Ala Ala Ala Thr Gly Pro

1 5 10 15
Phe Pro Leu His Thr Arg Leu Gly Gly His Ala Pro Ala Glu Gln His
20 25 30

Glu Met Leu Leu Ser Leu Val Arg Ser His Ala Ala Leu Val Leu Gly
35 40 45

Arg Asp Asp Pro Asp Thr Val His Pro Gly Ala His Phe Arg Gly Leu

50 95 60

Gly Phe Asp Ser Leu Thr Ala Val Glu Leu Arg Asn Arg Leu Asn Ala
65 70 75 80
Ala Thr Gly Leu Arg Leu Ser Thr Thr Leu Val Phe Asp His Pro Thr
85 90 95
Pro Asp Glu Leu Ala Arg His Val Arg Glu Gln Val Leu Gly Asp Gly
100 105 110
Glu Ala Ala Arg Val Ala Pro Val Leu Ala Glu Leu Asp Lys Leu Glu
115 120 125

Ser Ala Leu Ser Ala Leu Asp Lys Thr Asp Ser Ala Ser Glu Arg Val

130 135 140
Thr Leu Arg Leu Lys Ser Leu Met Leu Arg Trp Asn Ala Pro Gln His
145 150 155 160
Pro Thr Ala Glu Ser Ala Asp Asp Asp Glu Lys Phe Thr Ser Ala Thr
165 170 175

Glu Ala Glu Ile Phe Lys Phe Ile Asp Asn Asp Leu Gly Leu Ser

180 185 190
<210> 37
<211> 122
<212> PRT

_77_



<213> Artificial

<220><223
> AveA2 sequence
<400> 37
Met Gln Leu Ala Asn
1 5
Thr Ala Asp Leu Asp
20
Arg Glu Gln Glu Pro
35
Gly Gly Ala Thr Ser

50

Thr Asp Ala Ile Gly
65
Gln Leu Tyr Asp Pro
85
Ser Gly Gly Phe Leu
100

Glu Leu Ser Pro Arg

115
<210> 38
<211> 50
<212> DNA
<213

Sequence

in pGEMB2-MA-DOWN-fu (Fig.3)

Glu Ala Lys Leu

Arg Thr Arg Arg

25

Ile Ala Ile Val
40

Pro Thr Arg Leu

55

Glu Phe Pro Thr
70

Asp Pro Asp Arg

Tyr Asp Ala Gly

105

Glu Ala Leu Ala
120

> Artificial Sequence

<220><223>

<400> 38

DK1F primer

Leu Glu Tyr Leu Lys Arg
10 15
Arg Leu Tyr Glu Val Val
30
Gly Met Ala Cys Arg Tyr
45
Trp His Leu Val Lys Ser

60

Asp Arg Gly Trp Asn Leu
75
Ser Gly Thr Ser Tyr Thr
90 95
Asp Phe Asp Ala Ala Phe
110

Met

gecgtecgggg tcgacatggg atgcaggect gageggttga tgegggececg

<210> 39

<211> 33

<212> DNA

<213> Artificial
<220><223>

<400> 39

Sequence

DK1R primer
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atgggactgc ggctgcttaa gacctcaccce gtc

<210> 40
<211> 18
<212> DNA

<213> Artificial Sequence
<220><223> DK2F primer
<400> 40

gctagegggg tgtggteg

<210> 41
<211> 21
<212> DNA

<213> Artificial Sequence
<220><223> DK2R primer
<400> 41

ttcgaacacg cgggaatcga ¢

<210> 42
<211> 21
<212> DNA

<213> Artificial Sequence
<220><223> DK3F primer
<400> 42

gcatgcegtg tccacgegee ¢

<210> 43
<211> 49
<212> DNA

<213> Artificial Sequence
<220><223> DK3R primer
<400> 43

acacccaccc ccacaaccac cacctagatc tgeccaccta cgecttceca

<210> 44
<211> 53
<212> DNA

<213> Artificial Sequence
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<220><223> DKLF primer
<400> 44

aacccgaacg accgagcgca gcggeggcecg cgaattcata cggctacgag gat

<210> 45
<211> 59
<212> DNA

<213> Artificial Sequence
<220><223> DKLR primer
<400> 45

ctcgaccgceca ccgaccgggce ccgcatcaac cgetcaggece tgcatcccat gtcgaccce

<210> 46
<211> 61
<212> DNA

<213> Artificial Sequence
<220><223> DKRF primer
<400> 46

gccagtageg geggegetgg aaggegtagg tgggeagate taggtggtgg ttgtgggggt

g

<210> 47
<211> 73
<212> DNA

<213> Artificial Sequence

<220><223> DKRR primer

<400> 47

cttaggaccg ttatagttac gecgcttectc getcactgac tttaattaaa agcttacgtt

tcgcttgecg atg

<210> 48
<211> 28
<212> DNA

<213> Artificial Sequence
<220><223> M1171-INF primer
<400> 48

aaaatgcatc taccgccgcet tcaacagce
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<210> 49
<211> 30
<212> DNA

<213> Artificial Sequence
<220><223> M10810-1R primer
<400> 49

aaaactagtg gagaggaaga aggagagccg

<210> 50
<211> 28
<212> DNA

<213> Artificial Sequence
<220><223> M10762-2NF primer
<400> 50

aaaatgcatc acccacacag gacaggga

<210> 51
<211> 29
<212> DNA

<213> Artificial Sequence
<220><223> MC20300-2R primer
<400

> 51

aaaactagta tgacaggccg ggtacatca

<210> 52
<211> 29
<212> DNA

<213> Artificial Sequence
<220><223> M20255-3NF primer
<400> 52

aaaatgcatc gcgtacctga tgtccctga

<210> 53
<211> 28
<212> DNA

<213> Artificial Sequence
<220><223> M30434-3R primer

<400> 53
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aaaactagtg gccacacggt cttcatcg

<210> 54
<211> 28
<212> DNA

<213> Artificial Sequence
<220><223> M30377-NF2 primer
<400> 54

aaaatgcatc ctgcacaccg accgagac

<210> 55
<211> 28
<212> DNA

<213> Artificial Sequence
<220><223> M40160-4R primer
<400> 55

aaaactagta ccttcgtacc cgtctcge

<210> 56
<211> 29
<212> DNA

<213> Artificial Sequence
<220><223> M40091-5NF primer
<400> 56

aaaatgcatg tgcggacgat cgtgagaag

<210> 57
<211> 27
<212> DNA

<213> Artificial Sequence
<220><223> M50273-5R primer
<400> 57

aaaactagta acacgcggga atcgacc

<210> 58
<211> 29
<212> DNA

<213> Artificial Sequence
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<220><223> M50196-6NF primer
<400> 58

aaaatgcatg tagtccgtcg gcatcacac

<210> 59
<211> 28
<212> DNA

<213> Artificial Sequence
<220><223> M60390-6R primer
<400>

59

aaaactagtc gagaccgtcc ctatgtcc

<210> 60
<211> 18
<212> DNA

<213> Artificial Sequence
<220><223> M30290-F primer
<400> 60

acgtcaggaa gcggttca

<210> 61
<211> 18
<212> DNA

<213> Artificial Sequence
<220><223> M34887-R primer
<400> 61

cgtccgaacg tttctgga

<210> 62
<211> 19
<212> DNA

<213> Artificial Sequence
<220><223> M4M4502F primer
<400> 62

gagctccaga aacgttcgg

<210> 63

<211> 20
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M4F7910R primer

<212> DNA

<213> Artificial Sequence
<220><223>

<400> 63

ggatcgtcaa catctcctee

primer

<210> 64

<211> 19

<212> DNA

<213> Artificial Sequence
<220><223> M4C-ScF

<400> 64

cggccaccag aacaccttce

M4C25R primer

<210> 65

<211> 20

<212> DNA

<213> Artificial Sequence
<220><223>

<400> 65

acacgcttct cacgatcgtc

<210> 66

<211> 11919

<212> DNA

<213> Artificial Sequence
<220><223>

<400> 66

gtgcagagga tggacggegg
gccgacgagg cggacggegg

ggcatgggaa gggaacttct

gaagccgegt tcgegececta
gacgctcecg ggetggacceg
tccetggecg cectetggeg
ctgggcgaga tcgeggcage

gtggtgacgce tttggagcca

ggaagaaccc
cgtegtcttce

cgacgcttcc

cgtcgactgg
ggtggacgtce
ctcgcaaggg
ccacgtctcg

ggcacagacc

cgeeectgegg
gttttteeeg

gacgtcttcce

tcggtggage
gtccagecga
gtcgagecegt
ggaggcctgt

acccttgcecg

caggggaggt
ggcagggccc

gggagagegt

aggtgttgceg
ccetgttege
gecgeggtgcet
ccctggecga

ggaccggege

_84_

aveAl gene of Streptomyces avermitilis MA-4680

cctcggagtg
gcaatggcecg

ccgegectge

ggactcgecg
cgtcatgatc
gggacacagce
cgcecgeacge

gctegtetcee
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gtcgecgeca

gecgeggcetceg

gaggccegtceg
ccggtggacg
ggcctgetge
ggccgecteg
gtceggtteg
atgagcccgce

accaccggea

gaccacttcc
gtcctetegg
ctggtgcgceg
gatgccggcce
ctgcgcaacc
cacaccacgc

gaggacaccg

gacccgatcg
gacctgtggg
ggatggcecca
Cagggagecg
ccacgtgagg
gcgttcgage

gcegggegece

gcggacgtgg
gcctacagcet
ctcgtgacgce
gccgegegecg
gggetgtcegg

g8Cgaggecyg

cgccggatga

ccgtegceage

cggacctggt
ttccegecca
ccatcaccce
acacccgcga
agcccgeegce
acccggtgct

ccgecgacac

tgacgtctct
cacgcctgac
cccacaccat
catcggcgag
gcctcagcaa
cggeegeggt

cgccecegtacc

ccatcatcgg
agctggecgce
cggaacagcg
ggttccttca
cactggcgat
gggegggaat

tctcecttega

agggccacat
tcgggetgga
tgcatctggce
tctcggtcat
tggacggcag

tcgggatgcet

gctcecetgecee

cgtcaacgga

ggccgacctce
ctcceeectg
acgcccctcec
gctagacgceg
ccggetgett
gaccatgggc

cgtgatcatg

cgcccaacta
cgegetgtcee
ggeggtgctg
tttcgeccac
ggccacgggce
cgcegegegce

ggactcaccc

catggcatgc
ctcgggegga
tcacgcccag
cgacgcgecg
ggatccgcag
cgatccgctg

ctacggcccg

cctcaccggt
agggcecgecg
gtgccagtcg
gtccaccctce
gtgcaaggeg

gttggtggag

cgaatcgctc

ccceggagea

accgeegege
atgtacgcca
cgcatcccect
gegtactggt
ctgcagcagg
ctccaggagc

ggcacgctge

cgggggeatg
cccacgcage
aacgacgacg
ctcggettceg
ctgcggttgce
cttcggaccg

agcggccacg

cgtttceegg
gacgccatcg
gaccccacge
cacttcgacg
cagcggctgce
tcggtacgceg

cgtatggaca

accacgggca
atcaccgtgg
ctgeggtegg
ggcatgttca
tactcggctg

cggttgtegg

cgtggaccga

cagtcgtttc

aggtgcgcac
tcgaggaacg
tccactcecte
accgcaacat
ggcccaagac
tcgeececgga

gccegceggceca

gtgagacgtc
agcagtcgct
gaaacgagcg
actccgtcat
ccgtgacgct
cggegetegg

gaggcacgse

gcggagtceeg
ggecegttecce
agcccggeac
ccggettett
tgctggagac
ggtcccgtac

ccgegtcegtce

gegtectgtce
acacggggtg
gtgagtgcac
tcgagttctce
cagccgacgg

atgcggtgceg

_85_

ggacaacccg

cggtgececgce

gcgcatgatc
ggtcgtcage
ggtgaccgge
gtcgagcacg
gttcgtcgag
cctgggcegac

gggcaccctg

ggcgaccacc
gctcectggac
caccgegtcg
gggtgtcgaa
catcttcgac
ccacctcgac

agceggeggac

gtccecgaag
caccgaccgce
gttctatccg
cggaatcagt
gtcetgggag
gggegtcette

ggagggcece

gggecegtatce
ctcggcatcg
gctcgegetg
ccggceagegce
caccggctgg

gctggggeat

540

600

660
720
780
840
900
960

1020

1080
1140
1200
1260
1320
1380

1440

1500
1560
1620
1680
1740
1800

1860

1920
1980
2040
2100
2160

2220
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cgggtgctgg

acggcgeega
ttgteegtgg
ccgatcgagg
tggctggggt
gtcatcaaga
aagccgtcgce

ccgtggecegg

ggcggceacga
gggggtggeg
gctccagtgg
gttcetgtge
cgtcagtacg
tgtgggeggg

gtgcaagggt

gegeegggtg
gcegggatgg
tgcgaggagg
gcgggggatg
gtgtetttgg
tcccagggeg

aagactgttg

tcagtgccgc
ttgtgggteg
gtggacgagg
gactatgcct
ggggacatca
ctggacacca

ttcagcgatg

cggtggtacg

acggtccgge
cggatgtgga
cacaggcgtt
ctctgaagtc
tggtgatgge
cgcaggtgga

g88acgegsce

atgcgcatgt
tgttggaggg
ctgtgtctgce
cggtgtcgge
tggcagtccg
ctgtgctgga

tgggggegct

gtgaccgggg
gtgtgegtct
ctctggegee
cggtgtggga
ctgctctgtg
agatcgcggce

cgctgegceag

tgcctgecca
cggcggtcaa
tgctggegta
cgcactgccc
gccegeagece
caaccctgga

ccgtccaggce

cggcagtgceg

tcaggagegg
tgtggtggag
gctcgecacg
caacatcggg
gttgcegggag
ctggtccegeg

agggeggttg

gattttggag
tgcteegggt
gceggtgget
taggtctgag
gcceggacgtt
gcatcgtgceg

ggcggegggt

cggtgtcegtce
gctcegectcece
gtgggtggac
gcgggecegat
gegttectac
cgcgcatgtg

ccgggegetg

ggaggtggag
cggeeccege
ctgtgccgge
ccatgtgcag
gtceggegtg
cgccgectac

cctggcggat

gtcaaccagg

gtgatccgge
gggcacggga
tacgggcagce
cacaccatgg
ggggtgttge
ggggeggtge

€ggrgeeces

gaggcgecegg
cttgccattt
gagtcggtge
gctgggttge
tcgettgcecg
gtcgteectgg

gagccggatc

ttcgtgtttc
tctceggtgt
tggtctgtgg
gtggtccage
ggtatcgaac
tgtggggegc

geegetgtge

cagctcattg
tccaccgecg
accggggtgce
ccectgeggg
ccgttettet
tggtaccgca

gacggacacc

acggtgcgtc

aggegttgge
cgggcacgac
gggeceggtga
ctgeegeggg
cgcggacgtt
ggctgctgac

gagtgtcgtc

€ggrcgegeees
cggtggetga
cggtgecggt
gggcgeagge
atgtgggtgc
ccgecggaccg

ggcgggtgac

Cccggacaggg
tcgeeeggeg
tggacatcct
ctgtgctgtt
ccgacgeggt
tgagcctgaa

g888ccggsg

gtgageggtg
tcteggggga
gggceeggcg
aggagttgct
ccacggtgga
acctgcacca

gegtettegt
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gaatgggcetg

gaacgcggeg
gctgggtgat
caggccgctg
tgtgggtegg
gcatgtggat
ggaggeggtg

gttcgggatc

ctgtgttgcec
gtcggtggee
gceggtgeeg
ggaggegttg
gggtetggee
tgaggagctg

cacgggtcat

tgggcagtgg
gatgcaggeg
gcgecgggac
cagcgtcatg
ccttggccat
ggacgeggcg

cggcatggcec

g8CgLeecegg
tgcecgaggeg
gatcccggtce
ggagctgctg
gggcacctgg
geeggteegt

cgaagtcagc

2280

2340
2400
2460
2520
2580
2640

2700

2760
2820
2880
2940
3000
3060

3120

3180
3240
3300
3360
3420
3480

3540

3600
3660
3720
3780
3840
3900

3960
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ccccacceca
accgcgatcg
gcccacaccce
caccacaccc
cagcactact
ggttcegggtg

cggttctggg

cceeecteeg
cacgaccaag
cccaccaccce
cacccccaca
ctcaccctca
cgacaacaag

ctcgacgaaa

accctcaccc
aacgccacca
ggactcgecc
cccaccaccce
caccaaaccc
accctcaccc

ggcggaaccg

caacacctcc
acccaactcc
gaccaactcc
cacaccgcag
aacgtcctcc
ccectecacceg

gccaactacg

cacctccceceg
gacaaggcce

acggeagegs

ccetegtecc
gcagccteceg
ataccaccgg
acccccacce
ggctcgagag
ccggtteegg

acgcggtgge

ccggectgga
cccgecatcaa
accaacccca
tcaccaacat
accacaccca
cccaaaacca

cacccceaccee

aaacccacac
ccacccacce
gcaccaccct
ccaccccceca
aactcgccat
ccacacacca

gcgcecectege

tcctcaccag
aacaaaaagg
aacaactcct
gcatcctcga
gcgccaaage
ccttegtect

ccgcagecaa

ccaccagcat
gcgcatatct

tcacgcaggc

cgccatcgaa
ccgeggegac
catcggcaca
ccacacgcac
ctcacagccg
gcggecageg

ccgccaggac

cacggtggtg
cacctggacc
ccaaacctgg
cctcaccaac
caccaacccc
caccaccgga

ccaccacccece

ccaaacccac
caacgacccce
cctcgaacac
caccctccag
ccgcaccacce
accacccacc

cacccacctce

ccgaaccggce
catccacctc
caacaccatc
cgacgccacc
ccacagcgcce
ctactcctcee

cgcctacctce

cgeetgggge
cgaccgeege

gatcgcggac

gacaccaccg
aacgacaccc
cccaccacct
ctcgacctgce
ggtgccggat
actgcegggceg

ctggaaacgg

ccecgeactcet
taccaggaaa
ctcatcgcca
ctccaccacc
caacacctcc
gccatcaccg

cacacaccca

ccaccaaccce
ctcacacacc
cccacccaca
cacctcaccc
ggcacccaca
cccaccceecce

acccaccacc

ccccacacce
accatcacca
cccccacaac
ctcaccaacc
cacctcctee
gecgecgecea

gacgccctceg

acctggcaag

gggtttcgac

accgaacggc

aagacaccgc
geegettect
ggcaccacca
ccacctaccc
ccggtteggg
ggacggcaga

tcgcgaccac

ccgectggea
cctggaaacc
tcceegaaac
acggcatcac
accacaccct
geetgcetcetce

ccggceaccct

ccctetggta
ccacccaagce
ccgecggaat
aaaccctcac
ccegecegect
acggaaccac

tcaccaccca

cccacgcaca
cctgecgacac
accccctceac
tcacccccac
accaactcac
cctteggege

Ccccaccaccg

gaaacggact
ccatgtcacc

cgtatgtcgt
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cgaagacgtc
caccgcecctce
ctacacccac
cttccaacac
tgceggtgcec
ggtggagtceg

actcgccegtg

ccgccaccaa
cctcaccctce
ccagacccac
cceccatcececc
ccaccacacc
ccteetegec

cctcaacctce

cgccaccacce
ccaaacctgg
catcgacctc
ccaaccccac
cacccccacce
cctcatcacc

CCaacccacc

acacctcacc
cagcaaccca
caccgtcatc
ccaactcaac
ccaacacacc
acccggcecaa

ccacacccac

cgctgattcg

cgagttggcec

catcgccgac

4020
4080
4140
4200
4260
4320

4380

4440
4500
4560
4620
4680
4740

4800

4860
4920
4980
5040
5100
5160

5220

5280
5340
5400
5460
5520
5580

5640

5700
5760

5820
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atcgactgga
gaaagggagc
catcagacgt

gcagtgctcc

ggcttcgatt
cgecttectg
cagaaccaac
gaggcttctg
gtgacctcgg
ttccecaccg

ggcacctgct

ttcttcggcea
gaaaccgcct
cccaccggag
ggccagtcaa
atctcgtaca
tcgttggtgg

cttgccgggg

cggggtetgg
tggggtgagg
caccgtgtcc
ctgaccgcgce
ggcttgtegg
gacccgatcg

ccgetgtgge

gceggggtga
gtggatgagce
acggtgccct
gtcagcggca
ggaccacceg

ggggtgtgge

gcaagatcga
cagctgtcca
cggccgacca

ggcacgegsga

cactcacggc
tctcgetggt
tgeggggeac
tcaccgagcc
cggacgactt
accgeggctg

acacccgaaa

tcagccccecg
gggaaaccat
tcttcaccgg
ccgatggttt
cgtttggttt
ctttgcatct

gtgtgacggt

ccgcggacgg
gtgtggggat
tggeegtggt
ccaacgggcc
ccggtgatgt
aggcccaggce

tgggcteggt

tcaagatggt
cgtcgecgcea
ggceegecgg
ccaacgccca
CCggcgages

cgtggctggt

acacacctct
gcgcececcact

acgggecgea

cccgaaagece

cgtcgagttc
cttcgaccac
agcagcggag
gatcgccatc
ctgggatctg
ggacctggac

cggcggattc

cgaagccctce
cgaacacgcc
caccaacgga
cgcactgacc
tgagggtcct
ggcctgtcag

gatgtcgtct

gcattgcaag
gctgetggtg
gcgtggcagt
gtcccagcag
cgacgcggtg
ccteectegeg

caagtccaat

gatggegcetg
tgtggactgg
g8agegeecgy
cgtcatcctce
tgacgcgggc

gtcggccaag

cagaccagcg
ccaccggegg
ttgctcgagce

atcgcgcececg

cgaaacctgc
ccgacccectg
tcggetcectt
gttggcatgg
atctcctcceg
acgctctacg

ctctacgacg

gccatggacc
ggcatcaacc
caggactacg
ggaaccgceeg
gcggtgtcegg
gegttgegtg

ccgggtgcct

gegttetegg
gagcggcetct
gcggtcaacc
cgtgtcatcc
gaggcccacg
acctacggac

gtcggtcaca

cggcatggtc
tcegegggtg
ctacggeggg
gaagaagcac
agcgacgatg

tcgcagecgg

acctggtgag
agttgcacaa
tcgtacgaga

accagtcgtt

tgatcaaggc
ccaaactcgc
cagcggcagce
cctgtegttt
agcaggacgce
accccgaccce

caggccactt

cccagcaacg
cccacaccct
cacttcgcegt
gcagcgtcat
tggacacggc
cgggtgagtg

tcgtggagtt

cggcggegga
ccgacgccca
aggacggtgc
gccaggecct
gcaccggceac
aggaccgtgc

cacaggctgc

tgctgeecgeg
cggtgcagct
caggagtgtc
ccgeccgacga
aggctgcetgce

ccetgegege
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cgcggeeegg
aacgctggcec
ccatgtggceg

ccgtgcactc

aacaggactc
cgtacacctg
cgttaccgcec
cccecggegga
gatcggcegga
cgaccacccce

cgacgccgaa

actcctccte
ccacggcacc
gcacaacgcg
ctceggtegt
ttgttcecteg
ctcgatggceg

ttcgcggcag

cgggaccggc
tcgcaacggt
gagcaacggt
cgccaacgcece
cactttggge
Cggcgagees

cgcgggegtce

gacgttgcat
gctgacggag
atcattcggc
cgttcegggg
cggcagtcct

ccaggcccag

5880
5940
6000

6060

6120
6180
6240
6300
6360
6420

6480

6540
6600
6660
6720
6780
6840

6900

6960
7020
7080
7140
7200
7260

7320

7380
7440
7500
7560
7620

7680
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gcectgeacg

ctcgeccacg
acgttcctgce
agcagcgecce
tccggacagg
ttcgeegeceg
ctceecectee

acccgctacg

gacggctacc
gcccaccteg
accctcatgce
atcacccacc
acctcccteg
caacaaggca

aaccccatcc

acccccctea
caacaagccce
gtcaccacct
ctccccaacce
cacctcctcea
cacgacaacc

caccactact

gaccccaccg
cttcttgcag
ggcacggtge
gtgggctgeg
gggggtgtga
agtgtgtatg

acgtgtcatg

cccacctcac

ccegegecegt
aagcactcca
cgggcegggac
gcacccaacg
cactcaacga
tcacccaaaa

cccageeege

acatcacccc
ccggcatcct
aaaccatgcc
acctcaccgce
tcatcagcgg
tcaaaaccaa

tcaaccaact

tcaccgccaa
gcaacaccgt
acatcgaact
ccecccaccac
ccaacctcgc
aaccccacac

ggctcgaaag

aacaccccect
ggegettgte
tgctgteggg
accgagtgga
gtgtgcaggt
cgeggggtgeg

cctcgggggat

cgaccacccce

gttcgaccac
ggcactcgcc
cgggaccggg
ccceggeatg
catctgcacc
cgacaacgac

cctettegec

ccactactac
caccctcacc
ccecggeacce
ccacgaaaac
caccccccac
aaccctccecec

ccaccagcac

caccccacce
cgactacgcc
cggacccgac
caccctcacc
caaaaccacc
ccacacccac

cacacagccc

actcggcgcec
tttgaggtcg
cgccaccttce
tgagctgacg
tggggttgceg
gagtgcttgt

gctggttgag

ggcctcgacce

cgcgecacce
gcaggcgage
gaggccgeag
gcccacggcec
cacctcgacc
aacgaggacg

ttccaggtcg

gccggacact
gacgccacca
atgaccaccc
gacctcgcca
accgtccaac
accaaccacg

acccaaaccc

gaccaactcc
accaccaccce
aacaccctca
ctcacccacc
accacctggce
ctcgacctcc

ggtgecggea

acattggaac
catccgtggce
ctcgaactcg
ctgcatgcgc
gctgeggatg
ggtgggggtyg

gctgetgetg

tcgcggatgt

tcatcgccgce
cccacceege
gaaagaccgce
tctaccacac
cccacctcga
cggccgeact

ccctecacceg

cccteggcega
ccctceatcac
tccacaccac
tcgcegecat
acatcaccac
ccttcecacte

tcacctacca

tcaccccececa
aaaccctcca
ccaccctceac
cccaccacca
acccccacca
ccacctaccc

acgtgtcagc

tggcgactga
tggctgacca
cccttecatge
cgctggtagt
£888ageegcy
gtgegtceggg

gtggtgtggt
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cggatacacc

ggaccgegac
cgtcatccac
attcatctgc
ccaccccegtce
ccacccccte
gctccagecag

cctectcace

aatcaccgcc
ccaacgcgcce
ccecccaccac
caacaccccce
cctctgccaa
cceccacacce

Ccccacccecac

ctactggacc
ccaacacggc
ccaccacaac
cceccaaacce
ctacacccac
cttccaacac

agccggactce

cggtggageg
tgcegtegge
gggcacatac
tcctgtggat
gegtttggtg
tggggtgtag

ggtggatggt

7740

7800
7860
7920
7980
8040
8100

8160

8220
8280
8340
8400
8460
8520

8580

8640
8700
8760
8820
8880
8940

9000

9060
9120
9180
9240
9300
9360

9420

ZIHSd 10-2017-0035346



ctggeggggg
cgtttggctg
cgtgatgggg
getggttttg
cttcecgggtg
gctgtgtgeg

tcggetgtceg

ggtgtgeegg
cgtgetgtct
gtgggtectg
ggtggtggge
ggtggeggtg
gtgcaggggt

ggtgeggtgg

gggetggtge
accgacaccg
cgtgtggegg
ctggecgceac
gacacacgag
cggteggttg

gtgacgggtg

ggggtgcggg
ctgegggegg
gagecgecgeg
gtcgtgcatg
ctgggcacgg
ggtatggage

gggcragggca

gcggegggtce
accgggcacc

tcgacceegg

tgtggcecgee
gggetggttg
gggatttgct
ggctgcatcce
ggacggggtt
gtggtgtgtce

88Cg8LLCcsg

tggegtceggt
cggtttcggce
tgccggtgtg
ctgtgeeggg
gcggtggtgg
ggctggggct

tggccggcecce

gttcggegcea
gcaccgacct
cggtggtgge
gcctgaaacg
cceggeggte
atgtatcggg

ggacgggtgt

atctgctgtt
agctggcecgce
aggtggtecg
cggetggtgt
tgttcgeggce
tgtcggegtt

actacgccgc

tgccggggat
tggccggceac

acgcactggc

gcggggtgceg
tgttttgggg
ggctgaggtg
ggegttgcetg
tggggaggegg
gcttcaccgg

cgggegtgag

cgatcgtctt
£g888Cgecgg
tgggcaggceg
ggtggtggtyg
cggtggtgtg
ggageggttt

ggaggacgsce

ggctgagcat
cgacaccggt
gtgtggtgag
acttgagtca
cgacgtgcect
tcgggaggtg

gctgggtgeg

ggtgageegg
gttgggggceg
gctgetggag
gctggacgat
caaggtggat
cgtgetgtte

ggccaatgcc

gtcgetggeg
cgaccaccgg

cctcttcgat

gtggeggtgg
ccggtgtttt
tgtctgecgg
gatggtgtgg
gcggggttceg
gcgggtgtga

geggtgtegg

gagttgcggc
ggttcgetgt
tgggegtgge
ttgeggtgcee
ggtgaggttg
gcgggttege

ccggtggatg

ccggaccggt
gctggtgcetg
ccgcagttgg
tccggtgatg
gcccagegcet
ttgcegtggt

geggtggege

cgtggteegg
gaggtgcegga
ggtgttectg
gcgacgatcg
geegetettt
tccteggecg

gctctggacg

tgggggctgt

cgcatcatcc

gecggeectgg

atgtcgatgg
cggggetgceg
aggaggegtg
tccagecegtt
gggagggtgt
ccggtgtgceg

tegtggtegg

ctgtggatat
atgcggtgca
acgaggacgt
cggatgeegg
ttggtggggt
ggctggtggt

tggtgggtge

ttgtcectect
gttggggcegt
cggtgegtgg
ttccagccca
ccggtggegt
tgtcgggtgg

ggcatctgge

atgctccggg
ttgttgegtg
ccgggtgtee
cctetetcac
tgctggatga
cggggatcct

cgctggegta

gggaagaggc
gttceggtcet

ctctggaccg
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tgtccgtgac
tgeggtgtgg
gggtgatgeg
gtcggtgttg
tcgggtgeeg
ggtgegtgtg

ggatgaggceg

gggtcagttg
gtgggctgag
gggtgagage
tgeceggtgge
gttgggtgtg
ggtgacccegg

gtcggtgtgg

cgacctcgac
ggatggtggg
ggageggttg
gcggteceggt
geetgetegg
gtcggtgttg

tggtgtgtgt

tgcggagggt
tgatgtgggg
gctgacgggt
gccegagegg
gctgacgegg
ggggtcggece

ccggegeces

cagcgggatg
gcatcccatg

gceggtectg

9480
9540
9600
9660
9720
9780

9840

9900
9960
10020
10080
10140
10200

10260

10320
10380
10440
10500
10560
10620

10680

10740
10800
10860
10920
10980
11040

11100

11160
11220

11280
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ctgceecgeceg
gccaccecgcee
ctgcacgccc

gtcegetcece

cgegegttcec
tccegeacca
accctcaccce
gtgttggcegg
gccagcgaaa
catccgacag

attttcaaat

<210> 67
<211> 39

<212> PR

acctgegtcc
gcegeaccac

ggctggeegg

acatcgccac

gcgacctegg
ccggactceceg
accacctcca
agctcgacaa
gagtcaccct
ccgaaagegce

tcattgacaa

72

T

cgeeceegeee ctgeegececce
ccgcaccacc actaccggtg
ccagacacac gaacaacagce

cgtcetggge cacaccacce

cttcgactcc ctcaccgecg
cctceecacce accctegect
cacacaactc cagccacaac
actcgaatcc geccectetecg
gcggctgaag tcactcatgt
tgatgacgac gagaagttca

cgacctcgge ctgtcectga

<213> Artificial Sequence

<220><223>

<400> 67

Met Gln Arg
1

Val Leu Gly

tgctgcagga
gtgcggacaa
acaccaccct

ccgacaccat

tcgaactacg
tcgaccaccc
cggacaacgc
ccctegacaa
tgaggtggaa

catcggcaac

ccteetgecc
cggcgeccag
cctegeectg

ccccecececgac

caaccggctc
caaccccacc
tgtcgececcc
aaccgacagc
cgcaccccag

agaggctgag

type I polyketide synthase AVES 1 (BAA84474.1)

Met Asp Gly Gly Glu Glu Pro Arg Pro Ala Ala Gly Glu

5

10

Val Ala Asp Glu Ala Asp Gly Gly Val Val Phe

20

25

30

15

Val Phe

Pro Gly Gln Gly Pro Gln Trp Pro Gly Met Gly Arg Glu Leu Leu Asp

35

Ala Ser Asp
50
Ala Pro Tyr

65

40

45

Val Phe Arg Glu Ser Val Arg Ala Cys Glu Ala

55

60

Val Asp Trp Ser Val Glu GIn Val Leu Arg Asp

70 75

Asp Ala Pro Gly Leu Asp Arg Val Asp Val Val Gln Pro Thr

Ala Val Met

85

90

Ala Phe

Ser Pro
30
Leu Phe

95

Ile Ser Leu Ala Ala Leu Trp Arg Ser Gln Gly Val Glu

100

105

110

_91_

11340
11400
11460

11520

11580
11640
11700
11760
11820
11880

11919
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Pro Cys Ala Val Leu Gly His Ser Leu Gly Glu Ile Ala Ala Ala His

115 120 125
Val Ser Gly Gly Leu Ser Leu Ala Asp Ala Ala Arg Val Val Thr Leu
130 135 140
Trp Ser Gln Ala Gln Thr Thr Leu Ala Gly Thr Gly Ala Leu Val Ser
145 150 155 160
Val Ala Ala Thr Pro Asp Glu Leu Leu Pro Arg Ile Ala Pro Trp Thr
165 170 175
Glu Asp Asn Pro Ala Arg Leu Ala Val Ala Ala Val Asn Gly Pro Arg

180 185 190

Ser Thr Val Val Ser Gly Ala Arg Glu Ala Val Ala Asp Leu Val Ala
195 200 205
Asp Leu Thr Ala Ala Gln Val Arg Thr Arg Met Ile Pro Val Asp Val
210 215 220
Pro Ala His Ser Pro Leu Met Tyr Ala Ile Glu Glu Arg Val Val Ser
225 230 235 240
Gly Leu Leu Pro Ile Thr Pro Arg Pro Ser Arg Ile Pro Phe His Ser
245 250 255

Ser Val Thr Gly Gly Arg Leu Asp Thr Arg Glu Leu Asp Ala Ala Tyr

260 265 270
Trp Tyr Arg Asn Met Ser Ser Thr Val Arg Phe Glu Pro Ala Ala Arg
275 280 285
Leu Leu Leu Gln Gln Gly Pro Lys Thr Phe Val Glu Met Ser Pro His
290 295 300
Pro Val Leu Thr Met Gly Leu Gln Glu Leu Ala Pro Asp Leu Gly Asp
305 310 315 320
Thr Thr Gly Thr Ala Asp Thr Val Ile Met Gly Thr Leu Arg Arg Gly

325 330 335

GIn Gly Thr Leu Asp His Phe Leu Thr Ser Leu Ala Gln Leu Arg Gly
340 345 350

His Gly Glu Thr Ser Ala Thr Thr Val Leu Ser Ala Arg Leu Thr Ala

_92_



355
Leu Ser Pro
370
His Thr Met
385

Asp Ala Gly

Met Gly Val

Leu Pro Val

435

Ala Arg Leu
450

Pro Val Pro

465

Asp Pro Ile

Arg Ser Pro

Ile Gly Pro

515

Ala Gln Asp
530

Phe Leu His

545

Pro Arg Glu

Thr Ser Trp

Arg Gly Ser

595

Gly Pro Arg

Thr

Pro

420

Thr

Arg

Asp

Lys

500

Phe

Pro

Asp

580

Arg

Met

Gln

Val

Ser

405

Leu

Leu

Thr

Ser

485

Asp

Pro

Thr

Leu

565

Thr

Asp

360
GIn Gln Ser
375
Leu Asn Asp
390

Ala Ser Phe

Arg Asn Arg

Ile Phe Asp

440

Ala Ala Leu
455

Pro Ser Gly

470

Ile Gly Met

Leu Trp Glu

Leu

Asp

Leu

425

His

Gly

His

Leu

505

365
Leu Leu Asp Leu
380
Gly Asn Glu Arg
395

His Leu Gly Phe

410

Ser Lys Ala Thr

Thr Thr Pro Ala

445

His Leu Asp Glu
460

Gly Gly Thr Ala

475

Cys Arg Phe Pro
490

Ala Ala Ser Gly

Thr Asp Arg Gly Trp Pro Thr Glu

520
Gln Pro Gly
535

Ala His Phe

550

Ala Met Asp

Phe Glu Arg

Gly Val Phe

600

Thr Ala Ser

Thr

Asp

Pro

Ala

585

Ala

Ser

525
Phe Tyr Pro Gln
540

Ala Gly Phe Phe

Gln Gln Arg Leu

Gly Ile Asp Pro

Gly Ala Leu Ser

605

Glu Gly Ala Ala

Val Arg Ala

Thr Ala Ser
400

Asp Ser Val

415
Gly Leu Arg

430

Asp Thr Ala

Ala Ala Asp

480

Gly Gly Val

495
Gly Asp Ala
510

Gln Arg His

Gly Gly Gly

Gly Ile Ser

560
Leu Leu Glu
975
Leu Ser Val
590

Phe Asp Tyr

Asp Val Glu

_93_
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Cys

Ser

Thr

Asp

705

Arg

Asp

785

Pro

Asp

Met

Arg

610

His Ile Leu

Tyr Ser Phe

Ser Ala Ser
660

Gly Glu Cys
675

Leu Gly Met

690

Gly Arg Cys

Gly Val

Leu Gly His
740

Asp Gly Ala

755

Arg Val Ile
770
Val Asp Val

Glu Ala

Arg Pro Leu
820

Ala Ala

835
Glu Gly Val

850

Thr

645

Leu

Thr

Phe

Lys

725

Arg

Ser

Arg

Val

805

Trp

Gly

Leu

615

Gly Thr Thr
630

Leu Glu Gly

Val Thr Leu

Leu Ala Leu
680

Ile Glu Phe

695
Ala Tyr Ser
710

Met Leu Leu

Val Leu Ala

Asn Gly Leu

760

GIln Ala Leu
775

Glu Gly His

790

Ala Leu Leu

Leu Gly Ser

Val Gly Gly

840
Pro Arg Thr

855

Gly Ser

Pro Ala
650

His Leu

Ser Arg

Val
730

Val Val

745

Thr

Ala Asn

Gly Thr

Ala Thr

810
Leu Lys
825

Val

Leu His

Val

635

Ile

Ala

Gly

Gln

Ala

715

Arg

Arg

Pro

Ser

Lys

Val

620

Leu

Thr

Cys

Val

Arg

700

Asp

Leu

Gly

Asn

Asn

Met

Asp

860

Ser

Val

Ser

685

Ser

Ser

765

Leu

Thr

Val

845

Lys

Gly

Asp

Ser

670

Val

Leu

Thr

Asp

750

Pro

Ser

Leu

Arg

830

Met

Pro
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Arg

Thr

655

Leu

Met

Ser

735

Val

Val

815

His

Ser

Arg

Ser

Val

Trp
720

Val

Asn

Asp

800

Thr

Leu

Pro
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GIn Val Asp Trp Ser Ala Gly Ala Val Arg Leu Leu Thr Glu Ala Val

865 870 875 880

Pro Trp Pro Gly Asp Ala Ala Gly Arg Leu Arg Arg Ala Gly Val Ser
885 890 895

Ser Phe Gly Ile Gly Gly Thr Asn Ala His Val Ile Leu Glu Glu Ala

900 905 910

Pro Ala Ala Gly Gly Cys Val Ala Gly Gly Gly Val Leu Glu Gly Ala
915 920 925
Pro Gly Leu Ala Ile Ser Val Ala Glu Ser Val Ala Ala Pro Val Ala
930 935 940
Val Ser Ala Pro Val Ala Glu Ser Val Pro Val Pro Val Pro Val Pro
945 950 955 960
Val Pro Val Pro Val Ser Ala Arg Ser Glu Ala Gly Leu Arg Ala Gln
965 970 975

Ala Glu Ala Leu Arg Gln Tyr Val Ala Val Arg Pro Asp Val Ser Leu

980 985 990
Ala Asp Val Gly Ala Gly Leu Ala Cys Gly Arg Ala Val Leu Glu His
995 1000 1005
Arg Ala Val Val Leu Ala Ala Asp Arg Glu Glu Leu Val GIn Gly Leu
1010 1015 1020
Gly Ala Leu Ala Ala Gly Glu Pro Asp Arg Arg Val Thr Thr Gly His
1025 1030 1035 1040
Ala Pro Gly Gly Asp Arg Gly Gly Val Val Phe Val Phe Pro Gly Gln

1045 1050 1055

Gly Gly Gln Trp Ala Gly Met Gly Val Arg Leu Leu Ala Ser Ser Pro
1060 1065 1070
Val Phe Ala Arg Arg Met Gln Ala Cys Glu Glu Ala Leu Ala Pro Trp
1075 1080 1085
Val Asp Trp Ser Val Val Asp Ile Leu Arg Arg Asp Ala Gly Asp Ala
1090 1095 1100
Val Trp Glu Arg Ala Asp Val Val Gln Pro Val Leu Phe Ser Val Met

1105 1110 1115 1120
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Val Ser Leu Ala Ala Leu Trp Arg Ser Tyr Gly Ile Glu Pro Asp Ala

1125 1130 1135
Val Leu Gly His Ser Gln Gly Glu Ile Ala Ala Ala His Val Cys Gly
1140 1145 1150
Ala Leu Ser Leu Lys Asp Ala Ala Lys Thr Val Ala Leu Arg Ser Arg
1155 1160 1165
Ala Leu Ala Ala Val Arg Gly Arg Gly Gly Met Ala Ser Val Pro Leu
1170 1175 1180
Pro Ala Gln Glu Val Glu Gln Leu Ile Gly Glu Arg Trp Ala Gly Arg

1185 1190 1195 1200

Leu Trp Val Ala Ala Val Asn Gly Pro Arg Ser Thr Ala Val Ser Gly
1205 1210 1215
Asp Ala Glu Ala Val Asp Glu Val Leu Ala Tyr Cys Ala Gly Thr Gly
1220 1225 1230
Val Arg Ala Arg Arg Ile Pro Val Asp Tyr Ala Ser His Cys Pro His
1235 1240 1245
Val Gln Pro Leu Arg Glu Glu Leu Leu Glu Leu Leu Gly Asp Ile Ser
1250 1255 1260

Pro Gln Pro Ser Gly Val Pro Phe Phe Ser Thr Val Glu Gly Thr Trp

1265 1270 1275 1280
Leu Asp Thr Thr Thr Leu Asp Ala Ala Tyr Trp Tyr Arg Asn Leu His
1285 1290 1295
Gln Pro Val Arg Phe Ser Asp Ala Val Gln Ala Leu Ala Asp Asp Gly
1300 1305 1310
His Arg Val Phe Val Glu Val Ser Pro His Pro Thr Leu Val Pro Ala
1315 1320 1325
Ile Glu Asp Thr Thr Glu Asp Thr Ala Glu Asp Val Thr Ala Ile Gly

1330 1335 1340

Ser Leu Arg Arg Gly Asp Asn Asp Thr Arg Arg Phe Leu Thr Ala Leu
1345 1350 1355 1360

Ala His Thr His Thr Thr Gly Ile Gly Thr Pro Thr Thr Trp His His
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1365 1370 1375
His Tyr Thr His His His Thr His Pro His Pro His Thr His Leu Asp
1380 1385 1390
Leu Pro Thr Tyr Pro Phe Gln His GIn His Tyr Trp Leu Glu Ser Ser
1395 1400 1405

Gln Pro Gly Ala Gly Ser Gly Ser Gly Ala Gly Ala Gly Ser Gly Ala

1410 1415 1420
Gly Ser Gly Arg Ala Gly Thr Ala Gly Gly Thr Ala Glu Val Glu Ser
1425 1430 1435 1440
Arg Phe Trp Asp Ala Val Ala Arg Gln Asp Leu Glu Thr Val Ala Thr
1445 1450 1455
Thr Leu Ala Val Pro Pro Ser Ala Gly Leu Asp Thr Val Val Pro Ala
1460 1465 1470
Leu Ser Ala Trp His Arg His Gln His Asp Gln Ala Arg Ile Asn Thr

1475 1480 1485

Trp Thr Tyr Gln Glu Thr Trp Lys Pro Leu Thr Leu Pro Thr Thr His
1490 1495 1500
Gln Pro His Gln Thr Trp Leu Ile Ala Ile Pro Glu Thr GIn Thr His
1505 1510 1515 1520
His Pro His Ile Thr Asn Ile Leu Thr Asn Leu His His His Gly Ile
1525 1530 1535
Thr Pro Ile Pro Leu Thr Leu Asn His Thr His Thr Asn Pro Gln His
1540 1545 1550

Leu His His Thr Leu His His Thr Arg Gln Gln Ala GIn Asn His Thr

1555 1560 1565
Thr Gly Ala Ile Thr Gly Leu Leu Ser Leu Leu Ala Leu Asp Glu Thr
1570 1575 1580
Pro His Pro His His Pro His Thr Pro Thr Gly Thr Leu Leu Asn Leu
1585 1590 1595 1600
Thr Leu Thr GIn Thr His Thr Gln Thr His Pro Pro Thr Pro Leu Trp
1605 1610 1615

Tyr Ala Thr Thr Asn Ala Thr Thr Thr His Pro Asn Asp Pro Leu Thr
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1620 1625 1630

His Pro Thr Gln Ala Gln Thr Trp Gly Leu Ala Arg Thr Thr Leu Leu
1635 1640 1645
Glu His Pro Thr His Thr Ala Gly Ile Ile Asp Leu Pro Thr Thr Pro
1650 1655 1660
Thr Pro His Thr Leu Gln His Leu Thr Gln Thr Leu Thr Gln Pro His
1665 1670 1675 1680
His Gln Thr Gln Leu Ala Ile Arg Thr Thr Gly Thr His Thr Arg Arg
1685 1690 1695

Leu Thr Pro Thr Thr Leu Thr Pro Thr His Gln Pro Pro Thr Pro Thr

1700 1705 1710
Pro His Gly Thr Thr Leu Ile Thr Gly Gly Thr Gly Ala Leu Ala Thr
1715 1720 1725
His Leu Thr His His Leu Thr Thr His Gln Pro Thr Gln His Leu Leu
1730 1735 1740
Leu Thr Ser Arg Thr Gly Pro His Thr Pro His Ala GIn His Leu Thr
1745 1750 1755 1760
Thr Gln Leu Gln Gln Lys Gly Ile His Leu Thr Ile Thr Thr Cys Asp

1765 1770 1775

Thr Ser Asn Pro Asp Gln Leu Gln Gln Leu Leu Asn Thr Ile Pro Pro
1780 1785 1790
Gln His Pro Leu Thr Thr Val Ile His Thr Ala Gly Ile Leu Asp Asp
1795 1800 1805
Ala Thr Leu Thr Asn Leu Thr Pro Thr Gln Leu Asn Asn Val Leu Arg
1810 1815 1820
Ala Lys Ala His Ser Ala His Leu Leu His Gln Leu Thr Gln His Thr
1825 1830 1835 1840

Pro Leu Thr Ala Phe Val Leu Tyr Ser Ser Ala Ala Ala Thr Phe Gly

1845 1850 1855
Ala Pro Gly Gln Ala Asn Tyr Ala Ala Ala Asn Ala Tyr Leu Asp Ala

1860 1865 1870
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Leu Ala His His Arg His Thr His His Leu Pro Ala Thr Ser Ile Ala
1875 1880 1885
Trp Gly Thr Trp Gln Gly Asn Gly Leu Ala Asp Ser Asp Lys Ala Arg
1890 1895 1900
Ala Tyr Leu Asp Arg Arg Gly Phe Arg Pro Met Ser Pro Glu Leu Ala

1905 1910 1915 1920

Thr Ala Ala Val Thr Gln Ala Ile Ala Asp Thr Glu Arg Pro Tyr Val
1925 1930 1935
Val Ile Ala Asp Ile Asp Trp Ser Lys Ile Glu His Thr Ser Gln Thr
1940 1945 1950
Ser Asp Leu Val Ser Ala Ala Arg Glu Arg Glu Pro Ala Val Gln Arg
1955 1960 1965
Pro Thr Pro Pro Ala Glu Leu His Lys Thr Leu Ala His Gln Thr Ser
1970 1975 1980

Ala Asp Gln Arg Ala Ala Leu Leu Glu Leu Val Arg Asp His Val Ala

1985 1990 1995 2000
Ala Val Leu Arg His Ala Asp Pro Lys Ala Ile Ala Pro Asp Gln Ser
2005 2010 2015
Phe Arg Ala Leu Gly Phe Asp Ser Leu Thr Ala Val Glu Phe Arg Asn
2020 2025 2030
Leu Leu Ile Lys Ala Thr Gly Leu Arg Leu Pro Val Ser Leu Val Phe
2035 2040 2045
Asp His Pro Thr Pro Ala Lys Leu Ala Val His Leu Gln Asn Gln Leu

2050 2055 2060

Arg Gly Thr Ala Ala Glu Ser Ala Pro Ser Ala Ala Ala Val Thr Ala
2065 2070 2075 2080
Glu Ala Ser Val Thr Glu Pro Ile Ala Ile Val Gly Met Ala Cys Arg
2085 2090 2095
Phe Pro Gly Gly Val Thr Ser Ala Asp Asp Phe Trp Asp Leu Ile Ser
2100 2105 2110
Ser Glu GIn Asp Ala Ile Gly Gly Phe Pro Thr Asp Arg Gly Trp Asp

2115 2120 2125
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Leu Asp Thr Leu Tyr Asp Pro Asp Pro Asp His Pro Gly Thr Cys Tyr

2130 2135 2140
Thr Arg Asn Gly Gly Phe Leu Tyr Asp Ala Gly His Phe Asp Ala Glu
2145 2150 2155 2160
Phe Phe Gly Ile Ser Pro Arg Glu Ala Leu Ala Met Asp Pro Gln Gln
2165 2170 2175
Arg Leu Leu Leu Glu Thr Ala Trp Glu Thr Ile Glu His Ala Gly Ile
2180 2185 2190
Asn Pro His Thr Leu His Gly Thr Pro Thr Gly Val Phe Thr Gly Thr

2195 2200 2205

Asn Gly Gln Asp Tyr Ala Leu Arg Val His Asn Ala Gly Gln Ser Thr
2210 2215 2220
Asp Gly Phe Ala Leu Thr Gly Thr Ala Gly Ser Val Ile Ser Gly Arg
2225 2230 2235 2240
Ile Ser Tyr Thr Phe Gly Phe Glu Gly Pro Ala Val Ser Val Asp Thr
2245 2250 2255
Ala Cys Ser Ser Ser Leu Val Ala Leu His Leu Ala Cys GIn Ala Leu
2260 2265 2270

Arg Ala Gly Glu Cys Ser Met Ala Leu Ala Gly Gly Val Thr Val Met

2275 2280 2285
Ser Ser Pro Gly Ala Phe Val Glu Phe Ser Arg Gln Arg Gly Leu Ala
2290 2295 2300
Ala Asp Gly His Cys Lys Ala Phe Ser Ala Ala Ala Asp Gly Thr Gly
2305 2310 2315 2320
Trp Gly Glu Gly Val Gly Met Leu Leu Val Glu Arg Leu Ser Asp Ala
2325 2330 2335
His Arg Asn Gly His Arg Val Leu Ala Val Val Arg Gly Ser Ala Val

2340 2345 2350

Asn Gln Asp Gly Ala Ser Asn Gly Leu Thr Ala Pro Asn Gly Pro Ser
2355 2360 2365

Gln Gln Arg Val Ile Arg GIn Ala Leu Ala Asn Ala Gly Leu Ser Ala
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2370 2375 2380
Gly Asp Val Asp Ala Val Glu Ala His Gly Thr Gly Thr Thr Leu Gly
2385 2390 2395 2400
Asp Pro Ile Glu Ala Gln Ala Leu Leu Ala Thr Tyr Gly Gln Asp Arg
2405 2410 2415

Ala Gly Glu Gly Pro Leu Trp Leu Gly Ser Val Lys Ser Asn Val Gly

2420 2425 2430
His Thr Gln Ala Ala Ala Gly Val Ala Gly Val Ile Lys Met Val Met
2435 2440 2445
Ala Leu Arg His Gly Leu Leu Pro Arg Thr Leu His Val Asp Glu Pro
2450 2455 2460
Ser Pro His Val Asp Trp Ser Ala Gly Ala Val Gln Leu Leu Thr Glu
2465 2470 2475 2480
Thr Val Pro Trp Pro Gly Gly Glu Gly Arg Leu Arg Arg Ala Gly Val

2485 2490 2495

Ser Ser Phe Gly Val Ser Gly Thr Asn Ala His Val Ile Leu Glu Glu
2500 2505 2510
Ala Pro Ala Asp Asp Val Pro Gly Gly Pro Pro Ala Gly Glu Gly Asp
2515 2520 2525
Ala Gly Ser Asp Asp Glu Ala Ala Ala Gly Ser Pro Gly Val Trp Pro
2530 2535 2540
Trp Leu Val Ser Ala Lys Ser Gln Pro Ala Leu Arg Ala GIn Ala Gln
2545 2550 2555 2560

Ala Leu His Ala His Leu Thr Asp His Pro Gly Leu Asp Leu Ala Asp

2565 2570 2575
Val Gly Tyr Thr Leu Ala His Ala Arg Ala Val Phe Asp His Arg Ala
2580 2585 2590
Thr Leu Ile Ala Ala Asp Arg Asp Thr Phe Leu Gln Ala Leu Gln Ala
2595 2600 2605
Leu Ala Ala Gly Glu Pro His Pro Ala Val Ile His Ser Ser Ala Pro
2610 2615 2620

Gly Gly Thr Gly Thr Gly Glu Ala Ala Gly Lys Thr Ala Phe Ile Cys
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2625 2630 2635 2640

Ser Gly Gln Gly Thr Gln Arg Pro Gly Met Ala His Gly Leu Tyr His
2645 2650 2655
Thr His Pro Val Phe Ala Ala Ala Leu Asn Asp Ile Cys Thr His Leu
2660 2665 2670
Asp Pro His Leu Asp His Pro Leu Leu Pro Leu Leu Thr Gln Asn Asp
2675 2680 2685
Asn Asp Asn Glu Asp Ala Ala Ala Leu Leu Gln Gln Thr Arg Tyr Ala
2690 2695 2700

Gln Pro Ala Leu Phe Ala Phe Gln Val Ala Leu His Arg Leu Leu Thr

2705 2710 2715 2720
Asp Gly Tyr His Ile Thr Pro His Tyr Tyr Ala Gly His Ser Leu Gly
2725 2730 2735
Glu Ile Thr Ala Ala His Leu Ala Gly Ile Leu Thr Leu Thr Asp Ala
2740 2745 2750
Thr Thr Leu Ile Thr Gln Arg Ala Thr Leu Met Gln Thr Met Pro Pro
2755 2760 2765
Gly Thr Met Thr Thr Leu His Thr Thr Pro His His Ile Thr His His

2770 2775 2780

Leu Thr Ala His Glu Asn Asp Leu Ala Ile Ala Ala Ile Asn Thr Pro
2785 2790 2795 2800
Thr Ser Leu Val Ile Ser Gly Thr Pro His Thr Val GIn His Ile Thr
2805 2810 2815
Thr Leu Cys Gln Gln Gln Gly Ile Lys Thr Lys Thr Leu Pro Thr Asn
2820 2825 2830
His Ala Phe His Ser Pro His Thr Asn Pro Ile Leu Asn Gln Leu His
2835 2840 2845

Gln His Thr GIn Thr Leu Thr Tyr His Pro Pro His Thr Pro Leu Ile

2850 2855 2860
Thr Ala Asn Thr Pro Pro Asp Gln Leu Leu Thr Pro His Tyr Trp Thr

2865 2870 2875 2880
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GIn Gln Ala Arg Asn Thr Val Asp Tyr Ala Thr Thr Thr GIn Thr Leu
2885 2890 2895
His Gln His Gly Val Thr Thr Tyr Ile Glu Leu Gly Pro Asp Asn Thr
2900 2905 2910
Leu Thr Thr Leu Thr His His Asn Leu Pro Asn Pro Pro Thr Thr Thr

2915 2920 2925

Leu Thr Leu Thr His Pro His His His Pro Gln Thr His Leu Leu Thr
2930 2935 2940
Asn Leu Ala Lys Thr Thr Thr Thr Trp His Pro His His Tyr Thr His
2945 2950 2955 2960
His Asp Asn Gln Pro His Thr His Thr His Leu Asp Leu Pro Thr Tyr
2965 2970 2975
Pro Phe Gln His His His Tyr Trp Leu Glu Ser Thr Gln Pro Gly Ala
2980 2985 2990

Gly Asn Val Ser Ala Ala Gly Leu Asp Pro Thr Glu His Pro Leu Leu

2995 3000 3005
Gly Ala Thr Leu Glu Leu Ala Thr Asp Gly Gly Ala Leu Leu Ala Gly
3010 3015 3020
Arg Leu Ser Leu Arg Ser His Pro Trp Leu Ala Asp His Ala Val Gly
3025 3030 3035 3040
Gly Thr Val Leu Leu Ser Gly Ala Thr Phe Leu Glu Leu Ala Leu His
3045 3050 3055
Ala Gly Thr Tyr Val Gly Cys Asp Arg Val Asp Glu Leu Thr Leu His

3060 3065 3070

Ala Pro Leu Val Val Pro Val Asp Gly Gly Val Ser Val GIn Val Gly
3075 3080 3085
Val Ala Ala Ala Asp Gly Glu Gly Arg Arg Leu Val Ser Val Tyr Ala
3090 3095 3100
Arg Gly Gly Ser Ala Cys Gly Gly Gly Gly Ala Ser Gly Gly Val Trp
3105 3110 3115 3120
Thr Cys His Ala Ser Gly Val Leu Val Glu Ala Ala Ala Gly Gly Val

3125 3130 3135
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Val Val Asp Gly Leu Ala Gly Val Trp Pro Pro Arg Gly Ala Val Ala

3140 3145 3150
Val Asp Val Asp Gly Val Arg Asp Arg Leu Ala Gly Ala Gly Cys Val
3155 3160 3165
Leu Gly Pro Val Phe Ser Gly Leu Arg Ala Val Trp Arg Asp Gly Gly
3170 3175 3180
Asp Leu Leu Ala Glu Val Cys Leu Pro Glu Glu Ala Trp Gly Asp Ala
3185 3190 3195 3200
Ala Gly Phe Gly Leu His Pro Ala Leu Leu Asp Gly Val Val Gln Pro

3205 3210 3215

Leu Ser Val Leu Leu Pro Gly Gly Thr Gly Phe Gly Glu Gly Ala Gly
3220 3225 3230
Phe Gly Glu Gly Val Arg Val Pro Ala Val Trp Gly Gly Val Ser Leu
3235 3240 3245
His Arg Ala Gly Val Thr Gly Val Arg Val Arg Val Ser Ala Val Gly
3250 3255 3260
Arg Gly Gly Gly Arg Glu Ala Val Ser Val Val Val Gly Asp Glu Ala
3265 3270 3275 3280

Gly Val Pro Val Ala Ser Val Asp Arg Leu Glu Leu Arg Pro Val Asp

3285 3290 3295
Met Gly Gln Leu Arg Ala Val Ser Val Ser Ala Gly Arg Arg Gly Ser
3300 3305 3310
Leu Tyr Ala Val Gln Trp Ala Glu Val Gly Pro Val Pro Val Cys Gly
3315 3320 3325
GIn Ala Trp Ala Trp His Glu Asp Val Gly Glu Ser Gly Gly Gly Pro
3330 3335 3340
Val Pro Gly Val Val Val Leu Arg Cys Pro Asp Ala Gly Ala Gly Gly

3345 3350 3355 3360

Gly Gly Gly Gly Gly Gly Gly Gly Gly Val Gly Glu Val Val Gly Gly
3365 3370 3375

Val Leu Gly Val Val Gln Gly Trp Leu Gly Leu Glu Arg Phe Ala Gly
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3380 3385 3390
Ser Arg Leu Val Val Val Thr Arg Gly Ala Val Val Ala Gly Pro Glu
3395 3400 3405
Asp Gly Pro Val Asp Val Val Gly Ala Ser Val Trp Gly Leu Val Arg
3410 3415 3420

Ser Ala GIn Ala Glu His Pro Asp Arg Phe Val Leu Leu Asp Leu Asp

3425 3430 3435 3440
Thr Asp Thr Gly Thr Asp Leu Asp Thr Gly Ala Gly Ala Gly Trp Gly
3445 3450 3455
Val Asp Gly Gly Arg Val Ala Ala Val Val Ala Cys Gly Glu Pro Gln
3460 3465 3470
Leu Ala Val Arg Gly Glu Arg Leu Leu Ala Ala Arg Leu Lys Arg Leu
3475 3480 3485
Glu Ser Ser Gly Asp Val Pro Ala Gln Arg Ser Gly Asp Thr Arg Ala

3490 3495 3500

Arg Arg Ser Asp Val Pro Ala Gln Arg Ser Gly Gly Val Pro Ala Arg
3505 3510 3515 3520
Arg Ser Val Asp Val Ser Gly Arg Glu Val Leu Pro Trp Leu Ser Gly
3525 3530 3535
Gly Ser Val Leu Val Thr Gly Gly Thr Gly Val Leu Gly Ala Ala Val
3540 3545 3550
Ala Arg His Leu Ala Gly Val Cys Gly Val Arg Asp Leu Leu Leu Val
3555 3560 3565

Ser Arg Arg Gly Pro Asp Ala Pro Gly Ala Glu Gly Leu Arg Ala Glu

3570 3575 3580
Leu Ala Ala Leu Gly Ala Glu Val Arg Ile Val Ala Cys Asp Val Gly
3585 3590 3595 3600
Glu Arg Arg Glu Val Val Arg Leu Leu Glu Gly Val Pro Ala Gly Cys
3605 3610 3615
Pro Leu Thr Gly Val Val His Ala Ala Gly Val Leu Asp Asp Ala Thr
3620 3625 3630

Ile Ala Ser Leu Thr Pro Glu Arg Leu Gly Thr Val Phe Ala Ala Lys
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3635 3640 3645

Val Asp Ala Ala Leu Leu Leu Asp Glu Leu Thr Arg Gly Met Glu Leu
3650 3655 3660
Ser Ala Phe Val Leu Phe Ser Ser Ala Ala Gly Ile Leu Gly Ser Ala
3665 3670 3675 3680
Gly Gln Gly Asn Tyr Ala Ala Ala Asn Ala Ala Leu Asp Ala Leu Ala
3685 3690 3695
Tyr Arg Arg Arg Ala Ala Gly Leu Pro Gly Val Ser Leu Ala Trp Gly
3700 3705 3710

Leu Trp Glu Glu Ala Ser Gly Met Thr Gly His Leu Ala Gly Thr Asp

3715 3720 3725
His Arg Arg Ile Ile Arg Ser Gly Leu His Pro Met Ser Thr Pro Asp
3730 3735 3740
Ala Leu Ala Leu Phe Asp Ala Ala Leu Ala Leu Asp Arg Pro Val Leu
3745 3750 3755 3760
Leu Pro Ala Asp Leu Arg Pro Ala Pro Pro Leu Pro Pro Leu Leu Gln
3765 3770 3775
Asp Leu Leu Pro Ala Thr Arg Arg Arg Thr Thr Arg Thr Thr Thr Thr

3780 3785 3790

Gly Gly Ala Asp Asn Gly Ala Gln Leu His Ala Arg Leu Ala Gly Gln
3795 3800 3805
Thr His Glu Gln GIn His Thr Thr Leu Leu Ala Leu Val Arg Ser His
3810 3815 3820
Ile Ala Thr Val Leu Gly His Thr Thr Pro Asp Thr Ile Pro Pro Asp
3825 3830 3835 3840
Arg Ala Phe Arg Asp Leu Gly Phe Asp Ser Leu Thr Ala Val Glu Leu
3845 3850 3855

Arg Asn Arg Leu Ser Arg Thr Thr Gly Leu Arg Leu Pro Thr Thr Leu

3860 3865 3870
Ala Phe Asp His Pro Asn Pro Thr Thr Leu Thr His His Leu His Thr

3875 3880 3885
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Gln Leu Gln Pro Gln Pro Asp Asn Ala Val Ala Pro Val Leu Ala Glu
3890 3895 3900

Leu Asp Lys Leu Glu Ser Ala Leu Ser Ala Leu Asp Lys Thr Asp Ser

3905 3910 3915 3920

Ala Ser Glu Arg Val Thr Leu Arg Leu Lys Ser Leu Met Leu Arg Trp

3925 3930 3935

Asn Ala Pro Gln His Pro Thr Ala Glu Ser Ala Asp Asp Asp Glu Lys
3940 3945 3950

Phe Thr Ser Ala Thr Glu Ala Glu Ile Phe Lys Phe Ile Asp Asn Asp

3955

Leu Gly Leu
3970

<210> 68

<211> 13

<212> DN

Ser

032

A

3960

<213> Artificial Sequence

<220><223>
<400> 68

ttgcccaaag

accggaaccg
cggctcecegtce
cgcgegecegs
cggggtgagg
gegttegtcet
gtcteceecg

tcctggtcac

gatgtggtgc
cttggggtga
ctctgeggceg
caggcgacgce
cttcegttgce

gccacggtcg

3965

ZIHSd 10-2017-0035346

milAl gene of S. bingchenggensis BCW-1 (Accession no. CP002047)

cccagaacga

cgctgegggce
cggaagacat
tgatcgecggce
acacccccgg
tcceeggeca
ccttcagcecg

cggaggcecgt

agccgacgct
gccecgacgtce
ccetgteget
tctcegggtce
tgcggeggtyg

tctcecggega

gttcgcagtg

ccaggcacgce
cgcccacacg
ggaccgggaa
tgtcgtacgg
gggcacccag
ggeggtcegac

getgegggge

gttcgeegtce
gatcgtgggc
gtccgacgeg
gggtgegetg
gceggegeagg

tcggeeggee

gceggtceatce

cggctccacg
ctggcgagca
ggacatctcc
ggcacggcgg
tggcccggta
gcetgegeceg

gcteegggeg

atggtggggc
cactgcatcg
gegegegtgg
atcgcggtcg
ctgacgatcg

gcegacgage

cgtggatcct

accatgtcgc
gcggeecegge
gggggctcega
ccgceggecgs
tggccgecega
aggcgttcga

cgccgececct

tggccgagcet
gggagatcgc
tgatcgagag
cgeggtcecga
ccgeggtcaa

tgttggcgga

ctccgggcac

cgaccaccct
gctcacccat
cgeggtggec
cgacggggtc
tctgctgacg
accgtatgtc

ggaggggace

gtggeggact
ggcagcccat
cagccgggcce
ggcgcagetg
cggcccgatg

gttcgeeegt
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120
180
240
300
360
420

480

540
600
660
720
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geeggtgtcee

cccctcaggg
ccgttccact
tggtaccgga
cagggcacac
gccaccgeeg
gggcaggcceg

ctggatgacc

gagccgeccg
cggcccccct
cgcgagetgg
ccgggecacg
gcggtegege
gccettegace

caccagggcg

ccggcecageg
ggcgeccegta
ccetteecegg
ccecggeacgt
gagttcttcg
ctggagacct

agccgcacceg

gcgtegeegg
cggatctcct
tcgtceectgg
gcectggteg
cagcgceggte
ggetggteeg

ggacaccagg

gggccecegcega

acggtctgct
cctcggtcat
acctcgccga
getgettegt
aggaggtggt
ccgtegagtc

atcgggcggc

cggacacgtc
tggtggageg
tgggegtcga
gcatcgegga
tgcgcaaccg
atccgacacc

gcgggcagcece

ccgacgacga
cccecggagga
agggcecgegs
actaccagcg
gcatcgegcec
cctgggaggce

gggtgttcegt

agctggaggg
acgtactcgg
tcgcectgea
gcggegegcegac
tggctcegga
agggtgtggg

tgcttgeggt

ggtggegatce

cgactcgctg
€gggggeccg
cacggtccge
ggagctgage
cggcggtgag
cgttcgcacc

gttctcggtg

cgtagagctc
gettgeeegg
ggcggcecaag
gcaggagcac
cctgaacgac
cgcegecegtce

gggcgcecgac

gccgatcegece
gctgtgggaa
ctgggatccg
cgaagcggga
acgcgaggcc
gctcgaacgg

cggegtggcc

ccatctgctg
gcttgagggg
tctggeggece
ggtccteteg
cggeegetge
catgctgctc

ggtacggggce

gacatccceceg

tcatcggtca
ctggagaccc
ttcgaaagcg
ccgcacccga
cgecgtegtga
acgctggecg

ccgggceggcece

gccgacgecce
ctctccaccg
gtcctcgagg
ttcgtcactt
gccaccggtt
gccgaccatce

ggcceggcececeg

gtcatcggca
ctggtcgeceg
ctgcggctct
ttcctecacg
accgcaatgg
gcgeggatceg

ccgectggact

accggcaaca
ccecgeggtgt
caggcegctge
acccceggea
aaggcgtacg
gtcgagegge

tccgecegtca

cgcactcgcec

ccgegggtge
aagggctcga
tcgtcacggg
tgctgaccat
tcctgecgac
agctgtacgt

gcctgatcac

cggacccggce
cggagcggaa
acgtcgceegg
cgggcttcga
tgctgetgec
tgcactccceg

acceegeggce

tggegggeceg
aaggcaccga
acgatccgga
acgccgacaa
atccccagca
acccgaccgce

acagcccecg

tcggegecegce
ccgtggacac
gggccegggga
tgttcatcga
cggeegeege
tgtccgacge

accaggacgg

gttcatggcc

gtcgeggcetg
cgcggettac
gctgetgegg
gtgtgtgcag
gctgcatcge
acggggegea

cctgectctce

ggaggcctge
gcggeggctg
ggcggacgceg
ctcegeggee
cttcaccctg
gctcttegat

ggcggeeggt

cttceeeggg
cgeecteteg
cccegeeegg
gttcgacgcce
gecggetgetce
gctgegegge

aatgcaccag

ggeeteggeg
ggegtgeteg
gtgctcgetg
gttctcgegg
ggacggcacc
gcgacggcetce

ggcgagceaac
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960
1020
1080
1140
1200
1260

1320

1380
1440
1500
1560
1620
1680

1740

1800
1860
1920
1980
2040
2100

2160

2220
2280
2340
2400
2460
2520
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ggcttcacgg
gceggggtgt
ggcgatccga
cggeegetgt
gtcatcgggg
cacgtggaca

gagccggtge

gtgagcggca
ccecgggeeec
ccccaggeac
ctccaaccgg
gcegtectcea
ggceceggececeg

atcgtcttcg

aacgcctcac
gtcgactggt
gccgacatcg
tcttgcggcea
cacgtctgceg
gccectccaag

gtcaccgagg

cccacggcaa
cacgcccacg
atcgacgcgg
gacatcccct
gactactggt
accgagaccg

atcacggcca

gaccacgacg
accatcgact

cccacctacce

cgcccagegg
cggctcecgga
tcgaggcgca
ggctggggte
tcatcaaaat
agccgtcgga

cctggecgga

ccaacgccca
ataccgccga
tgcgegacca
ccgacgtcgg
tcggetcecga
acccagcggt

tctteeecgg

ccgtcettcac
cactcacgga
tccagececgce
tcgaaccgga
gcgcecectgac
ccgtacgegg

atctgcgcac

ccgtcatctce
acgtacgggc
tggccgageg
tctactccac
accgcaacct
accaccgcac

ccaccgaaac

acacccacca
ggcgacacca

ccttccaaca

tccatcacag
ggtcgacgeg
ggcgetgetg
gatcaagtcg
ggtgetegeg
ttacgtggac

gceggggceeac

tgtcatcctc
ggccegggect
ggcecgecege
ccacacccte
ccgcgaacaa
ccaccagacg

acaaggcggt

cgagcggatg
catcctccac
cctgttcteg
cgecegtcectce
gctccacgac
cgeeggegeec

ccactggccc

gggaaacacc
caagcgcatc
actgcccgac
ggttgacgge
ccgcageecg
ctttgtcgaa

caccgaccgce

catcctcacc
ctaccagact

ccaccactac

caacaggtca
gtggaggggc
gccegectacg
aacatcggac
ctccagcacg
tggtcggeeg

ccgegeeges

gagcaggcaa
ccectgeegt
ctgcacgaac
gccaccggcece
ctcctecacg
tcggaccgtc

caatgggcgg

gcegectgeg
cggceggeeg
atcatggtgt
ggccactccc
gcggecaagg
atggcctcceg

gaccggctat

gacgcgcettg
ccggtcgact
ctgetgggeg
cgatgggeceg
gtacggttcg
gtcagcccac

accaccaccg

aacctcgccc
ctgcgeccca

tggctccacg

tcegggegge
acggcaccgg
g8Caggggcy
acacccagtg
gtgtgctgee
gggecegtacg

cgggggtgtce

cgccatcegtce
gggtggtcte
acctcaccgc
gcgccacctt
gcctggacge
ccgccaccgce

gcatgggcect

aacaggccct
acgacgccgt
ccetggecege
aaggcgagat
tcatcgccct
tacccctgcec

gggtggecge

acgaagcgct
acgcctccca
gcatcgtccce
agccgaccga
cccacgecgt
accccacgct

tcatcgectce

aggcccacat
ccccaccceca

actccaccga

cctggccaat
cacccggttg
ggcggecgac
ggcegegggt
gcgcacgetg
gctgttgacg

gtcetteggg

cacggtggct
ggcgaagacg
ccagccacag
cgaccaccgg
gctcgecacce
cgacggcecgt

acggctgctg

ctceeectac
atggcaacgc
gctctggege
cgcegeggece
gcgcagecag
cgcggaccag

caccaactcc

cgaccactac
ctgcccccat
gecgegeegece
gctcgacgcec
ccacgccctce
cacccccgee

gctccaccge

ccacggccac
tatcgacctc

ggacaaggcg
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2640
2700
2760
2820
2880
2940

3000

3060
3120
3180
3240
3300
3360

3420

3480
3540
3600
3660
3720
3780

3840

3900
3960
4020
4080
4140
4200

4260

4320
4380

4440
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gtgggtacgg
gecegtegeceg
ctgtccgect

gacatctgga

gtcgcegatct
gaacgccagg
ctgctggagce
ctctegetge
accgccctca
ctgtggetgg

ctccaggcga

ggcggcectca
gcgctgacca
cggcgectga
cgtggcaccg
atcgccgaac
cccggegeca

gcatgtgaca

cgccecctcea
cagaccccgg
cacgcccteg
ccetteggeg
gcccageacc
ggcgacgggc

ccgatgecgce

cagctcgtceg
atcccgggaa
gccaccgega
ctcctegacc
atccccacgg

cgcaaccgee

acctcgecgce
cgctectcga
ggcacggtcg

agceggecga

ccgcaggecg
gtctgeccat
ggcatctcge
tcgeectcga
ccctcagect
ccacccacga

tggtctgggg

tcgaccttcc
cctgtcacga
tccggacgec
tcctecatcac
gccaccecga
ccgegeteceg

ccgecgacce

ccgeggtcegt
accacctcgc
cccagcacca
ccgegggeca
gcegggecca
tcgcgagcac

cacacctggc

tcgccgacgt
gcegeegecece
gcctecgtac
tcatcagctc
accgggcectt

tcgeggegge

ggccecegette
cgtcgagcecg
gecgtcegegac

cctcaccgcec

ggccgatcac
cgccaccctce
acaggcgatc
Ccgaggggcca
gatccaggcg
ggccegtegee

gctgggacge

ggacactctc
cgaggacgaa
gtccaccgcee
cggcggeacce
ctgccacttg
cgaccagctc

cggcegegctce

ccacaccgeg
cgeegttcetg
cceectegac
ggccaactac
ggggetggece
acagtccgceg

gctggecegee

cgactggaag
ggceceggece
ccgectegeg
tcatacagcc
ccgcgacctg

caccgggctc

tgggaggegg
ggcacctcac
caggccatca

gegegeeccece

ctccacgtca
gtcctcegacg
gcgagcegatg
catccgegcec
ctcatcgcac
acctcgtccg

accgcecgeac

accgaacggg
ctcgegetgce
gcagcggagg
ggggeectgg
ctgctggtga
atcgaactcg

gcggatctcece

ggegtectgg
gggcccaagt
gegttegtcec
gcggeegecea
gccacctceca
cagacgtacc

ctggagcgag

aagctcaagc
gccaccgacg
ggtcagagcc
gcegtecteg
ggtttcacct

cgectgecga

tccacggcga
tggacgcgct
ccgacacctg

ggcegtecegg

gtgccegtect
acacccacac
ggccggecat
acccggaggt
gcgaggacat
cggatacgct

tcgaacaccc

tcctecacgg
gcgecaccgg
acaccccgece
gctceecgegt
gccggcegagg
gcgccacggt

tcgccgatgt

acgacagcac
cccatgecgce
tcttectegte
acgcctacct
tcgeetgggg
tgcgcaaccg

ccatcgtctc

cggcgecgea
gcgeggacag
cggccgaacg
ggcacgccac
cgctgacggce

ccaccgtcgce

ggacaccaac
gctgecggee
gtgttaccge

ccgatggctt

ggacgctctg
cgaactcccc
cggeggegtg
gceegtegge
ggcgeeecgg
cgatcacccc

cgatctgtgg

cctcgtcacg
cccacgcacc
gtggacgccc
cgcccaccgce
gcccaaggcec
gaccctcegee

ccecteggac

cctcgecegta
acaccatctg
cgtcgeggceg
cgacgccctce
caactgggac
cggctttect

gceccacgec

cacccgegac
gacggcegac
gcaccagacg
gceccagacg
catcgagctc

cttcgaccgt
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4500
4560
4620

4680

4740
4800
4860
4920
4980
5040

5100

5160
5220
5280
5340
5400
5460

5520

5580
5640
5700
5760
5820
5880

5940

6000
6060
6120
6180
6240

6300
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ccgacgeegg

ggcatcgggg
ggcgegecegg
gggatcggcet
gacttcccga
ccgggcacct
gagttcttcg

ctggaggegt

agtccgacgg
acgcegtcgg
gtcgectegg
accgectget
gaatgctcgc
gagttctccce

gcecgatggcea

gcgeggcegea
ggtgccagcea
gcectggeceg
gggacgacgc
cggcegegcgg
tcggeegeceg

ccgegtacge

cggctgcetga
tcgtectteg
ccggaccegg
tcggeggagg
gatgtcgacc
cgggecegtge

tcgggegegce

acaagctcgc

tgacgcccga
accccgeega
cccccgagga
ccgaccgeggg
cgtacagccg
ggatcagccc

cctgggaagce

gegtcettcac
agctggcegga
ggcgegtcetce
cgtccteget
tggcectgge
ggcageggeg

ccggetgggg

acggccatcg
atgggctgac
ccgeeggggt
tcggegatcece
accgggegcet
gtatcgecgg

tgcatgtgtc

ccgaggacca
gcgtgagegg
caccgacggce
ccetgegggce
ccgecgacgt
tccteggeac

ccgacggegce

ggccgacctg

cgcgacggcec
gcccatcegee
cctgtgggag
ctgggacctg
acagggcgcece
acgggagecg

cctcgaacga

cggcagcaac
gctgtgegag
gtacgcgcetce
cgtggegctce
gggeggegte
cctggeggceg

cgagggcegtg

tgtgctggee
tgccecgaac
cgcegeggea
gatcgaggcc
gtggeteggt
ggtcatcaag

cgagccgtceg

gcegtggeeg
caccaatgcc
ctcecgegecc
ccaggcccgt
ggggtactcc
cggccacgac

ggtcgtccag

ctggegeggt

acgagtggca
atcgtcggct
ttcatcaccg
gcgaggcetcet
ttcecteegeg
acggcegacgg

gccegggatca

gcgcaggact
ggctatgege
ggcctggaag
catctggcct
acggtcatga
gacggcceggt

ggcatggtgg

ctcgtecegeg
ggccecectege
gaagtggacg
caggccctgce
acggtcaagt
atggtgctgg

ccgcatgtgg

gacaccgggce
catgtgatcc
tcecetgecece
aggttgetgg
ctcgegegeg
gacttccggce

g8CgrCgacss

gecgegeegac

gttcgeeegg
tggcctgecg
cacaccggga
tcgaccccga
acgeggegcga
acccccagea

accccecacga

tcagcgcegceg
tgactggcag
gceeggeggt
gccagtcegcet
tgaccccgtt
gcaaggcegtt

tggtggageg

gcagcgcecegt
agcagcegggt
cggtcgagge
tcgccaccta
ccaacatcgg
ccctgeggea

actggtcggce

gceeceggeg
tggagcaggc
cctggeccct
cgtacgtggce
gacgggcegt
gcgcecectgga

tggggcggca

aggcccggac

tgcggegceat
ctacccceggce
cgeegtcegga
tccggaccgg
cttcgacccg
gcgactgcetce

tctccacggce

gctgeggeag
caacaacagc
cagcatcgac
ccgggeegec
caacttcgtg
ctccgecaca

gctgtcggac

caaccaggac
catccgegcec
gcacggcacg
€gggcragegs
acacgcccag
cgggatgetg

gggtgeggta

ggcgggggtyg
ggageccggeg
ctccgecagg
cgagcacccg
gttcgagcac
cgeeectggeg

gggcaaggtc
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6360

6420
6480
6540
6600
6660
6720

6780

6840
6900
6960
7020
7080
7140

7200

7260
7320
7380
7440
7500
7560

7620

7680
7740
7800
7860
7920
7980

8040
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gtctttgtgt
tcgtccacgg
gaacaccctce
catctgaccg
gtcaccgagg
accgecegecce

cgcgeeegeg

gaggcggage
aacgcccceg
gacttcecgceg
ccccatatgg
cggcccecaca
cgggccgacg

cactacgcgc

ggcccecgact
geegtcetece
gcggtccacg
ccgacgccac
cccgeecegg
ctgatcggceg

tcgeegegta

ggcaccgegt
gaggagctga
gtggeggtgag
gcggacgacg
ggcctcgacg
tcgtgggeca

gaccggtttg

tggcggcacg
gcecteeget

gtggagcccg

gcteggggea
cgttcgeegg
tgatggaggt
cctacgccca
agttcgggct
atctggeggg

ccatgcggga

tgcggecececg
cgtcectggt
ggcagggcag
agccectget
ctcecectegt
acgacccggg

gggeegtgga

ccaccctcac
tgctccatcc
cccacagecg
accagatcga
cggeggtegg
ccgeegtgtg

cgcacccgtg

tcgtggagct
ccctgeacge
gggceegecega
gtacatggac
atggcacggg
cggeetggee

ccgacgcecga

gcgacgagac
tcgggctgea

acggcacacg

gggcacccag
ggegetggag
gatgttcgce
accggcecctce
cacccccgac
catcctcagc

ccttccageg

gctcgecgag
catcaccggc
gaaggtcact
cgacgagatc
caccgegtcg
cacggccgeg

geggetgege

taccctcegtc
ggageggtgce
cceegtegac
cgtgcccacc
cgatgtgacg
gctegeggag

gctggecgac

ggegetgegg
gccacteecg
cgagtccggce
acggcacgcce
gcacaatggc
gcegeceggt

gttcacgtac

gctggeggag
cceegegetg

gccgageggt

cgcececeggea
gaggtgtgeg
gatgagaaga
ttcgeectcec
tatctggccg
ctgcecgacg

accggageca

ttggcggacc
gaccacgacg
ccectecagg
gggcgeacceg
gccgacggceg
ttctggectce

gecegegecg

caccacaatc
gagacgcaca
tggacacgcc
tatgccttcc
gccgegagec
ggcgacggct

catgtcatcg

gceggggegt
ctgceegecg
cgccgtgage
atcggcacgc
cacgcccegg
gcegagecct

ggggaggceat

gtccgectcee

ctcgacgcegg

ggcctgggeg

tgggeegegg
cccatctgga
gcgatacgtce
agaccgcgct
gccactcecect
ccgeggeget

tggtcgecegt

gggtcggeat
ccgtgcacca
tcagcggcegce
ccgaaaccct
gcgacgacac
tccaggcccg

tcaccacgtt

tcgeegegea
gegtectegg
actacaccgc
ggcaccggceg
tcgacgceggce
gtctgctgac

ccggcactgt

acgtgggctg
acggtgaggt
tgagcatcca
tggcatcggce
cgggcgacga
tggacgtcac

tccaggggct

ccgaccagcec
cactgcagac

gccececgatceg

gctctaccge
cccgtatctg
ggcgetgetg
gcaccgcatg
gggegagetg
ggtggeggece

cgaggccace

cgccegecegtce
gatcgccgac
cttccactct
cacctaccac
gaccgagcecg
gcgcaccgtce

cctggaactc

cgatcccgtg
cgcactcgcec
acggeegegg
ctactggctg
ggagcacccg
cggcaggatc

gctectteeg

cgaccgtgtg
ggtgctgcag
cgceeggeeg
ccgeggegte
geegtteggg
cggggtctac

ggtecgegget

ggceggtgac
catgtggctc

gggectgecg
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8100
8160
8220
8280
8340
8400

8460

8520
8580
8640
8700
8760
8820

8880

8940
9000
9060
9120
9180
9240

9300

9360
9420
9480
9540
9600
9660

9720

9780
9840

9900
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ttcgeetgge
cgacggeegg
gegteggtgg

acggceggtgc

cagacggccce
ctcgaggcecg
gagctggtgc
cacgcagccc
aggacgggtc
gcacacctgg

gacctggegg

tgcttcaccg
ctcggecteg
gtgegeeegg
tggeggttgg
gccgegecgg
aacttccgceg

gaggeescsy

cgggtggteg
ctggegeggg
gccaccgegt
atccatgccg
gcegaggtgt
gacgacgacc

cgcggcregesc

tcgctgegee
cgtgacccgce
ctggaggecg
cgeggtgtee
ttccgecatce

tggaacgccg

agggggtctc
cgccggacac
agtcgctgac

gcacctegtt

tgcceeggtg
cggcgeccga
gcteegtgge
ctgaagccga
aggtgctgga
tgctgttcac

gggcggeggt

tggtggacat
gcgageegea
gtgacgccga
agtgtcccgg
tgccgetcegg
atgtgctgat

ggatcgtcect

gtatcttcce
tcceegacgg
accacggcct
cggcegegcgs
acgccacggce
atctggcctc

gggggatcga

tggtggegeg
ggcaggtggce
ggccggageg
tggcgcacct
tgcagcaggg

agggcaccgt

gctgegtacg
cgtggcecgtce
gectgeggeeg

gtacggectg

tgegetgatce
ccgcatcacc
ggcgeggcegcec
cggecgegage
gctgcttcag
ctcaggcgceg

ctggggtctg

ggacggcegcec
actggeggtg
cgacgacage
cacgggcage
cccgggegag
cgegetggge

cgaggtcggg

cgaggcegtte
ctggtegtte
ggtcgatctg
ggtgggcatg
cggceceggce
gtcgegecacg

tgtcgtectg

tgacggceggce
gctggaccat
ggtcgggcag
gccgacgacce
ccgtcacatc

actgatcacc

gecgggececegt
geegtggecg
gtgccgeggg

gactggacgg

ggagcggaca
gacggegtgg
cccgeecegg
gaacagccac
cggtggeteg
gtcgcecacce

gtgcgceteceg

caggagtccc
cgcggegecce
ggcctggecce
ctggacgggt
gtacgggtcg
gtggtgeeeg

gcggaggtcece

ggeeeggtgg
gcccaggecg
gecgegecetge
geegeegtge
aagtggcaca
ctggagttcg

gactgtctgg

cggttectgg
ccgggegtge
atcctgcgca
tgctgggaca
ggaaagaacg

ggcggtatgg

cggeectgeg
acgceggeegg
gecgecttgeg

atgtgccgct

cgctcgacct
agcgctacgce
acctcgtcat
agcccgagac
gcgeggacgg
ggceegggcga

gccagtcgga

gcgeggegcet
gggegetgge
tgccgeaggg
tgaccacgac
cggtgegggc
ggcggacggc

gcgatctcege

ccgtggecga
cgtecggtcce
ggccegegggega
aactggcgceg
tcectgegttce
agcagcgctt

cccatgagtt

agatgggcaa
tctaccgggce
ccgtactgga
tccggcaggce
tgctcaccgt

gcaccctggg

ggtacggctg
ccggeeggte
cggcaccgag

gccgacgceceg

ggtceceegeg
cgacctggag
cgeeggetgce
ggtgcgcaca
gctcgecegac
gceggtgegg

gcatccggag

gcteggegeg
gcegegectg
gccggaagge
cgagtccceceg
cgeggggctg
gctgggcagt

gceceggggac

gcggegcgace
catcgtgttc
atcggtgctg
ccatctgggg
ccaaggcatc
cgcecgegacce

cgtcgacgcec

gagcgacatc
gttcgacctg
cctgttcgag
ggagcacgcec
cccggeeggce

cgccgecectce
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9960
10020
10080

10140

10200
10260
10320
10380
10440
10500

10560

10620
10680
10740
10800
10860
10920

10980

11040
11100
11160
11220
11280
11340

11400

11460
11520
11580
11640
11700

11760
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gcecegtceatce

cccgacgecce
accatcgccg
ccggecgage
ctcgggtccc
tggcatctgc
gtcgegggte

gacgcgcetcg

ctgtgggage
gceeggeteg
ctcggccacc
ggctcgtcega
ccceceegegg
ccggecgage

ggcegegacg

tccctgaccg
accaccctcg
gtgetgggeg
gaagcggcge
ttgcaggccc
gcggegcagege

ggcctcetect

<210> 69
<211> 12

<212> DN

tggegggtac

cgggegeega
catgcgatct
ggccgetgac
tcaccccceceg
acaccctcac
tgcteggctce

cccaccaccg

agaccagcgg
gcatcagccc
accgccccgt
ccgtgecegec
ccgeegecac
agcacgagat

atccggacac

cggtcgagct
tcttcgacca
acggcgaage
tgtcececgggt
ttctectgaa
tggcgtecge

ga

993

A

cgggcgcegcece

ggagctgega
cggcgaccgg
cgctgtcatc
ccacctggac
ccgccacgece
gcecgggceag

gecgeggcetcet

catgaccggg
gctcacgacc
gctegtecce
cctgtaccgg
cgggecegttce
gctgceteteg

ggtccatcce

ccgcaaccgg
ccecacgecce
ggegegggtg
ggacggggac
gtggaacgag

cacggcegece

<213> Artificial Sequence

<220><223>

meilingmycin biosynthetic gene cluster of Streptomyces

cgccatctge

gaggagctga
gcggeggtceg
cacgcegegegg
gecegeectgg
gacgtggceeg
ggcaactacg

ggcctteegg

cacctggacc
gggcaggcgc
gceegecteg
ggeetggteg
ccectgeata
ctggtccgcet

ggcgegceact

ctcaacgccg
gacgaactcg
geeeeggtge
gatgcggtcc
tccgatggtce

gaggtgetgg

nanchangensis strain NS3226

<400> 69

tgctggecgg

ccgagetggg
cceggetect
gtgtcgtcga
ccgccaaggce
cgttegtcect
ccgeggecaa

cggtgtcgcet

aggccgaccg
tcggeectttt
acgtgcccga
gatccaggac
ccegectegg
cccacgeegce

tccgeggect

ccaccggcct
ccegtcacgt
tggccgagcet
gggcgagggt
cggcgacggg

atttcatcag

ccgacgegec

cgegegggtce
gggggcgatce
cgatgccacc
cgacgccgece
cttctecteg
cgecttettg

ggcgtggggg

cgeceeggctg
cgacgccgece
tccgcacccec
ccggeggaca
cggtcacgcec
cctegtgctg

gggcttcgac

ccggcetcetcec
Cccgggagcag
cgacaggctg
gacggeecgg
cggtgacggt

gaacgacctc

gtggccggac atccgtggat cctcectccgga cacaccggaa ccgegetgeg ggeccaggeg

cgecggetec acgaccatgt cgceccgaccac ccectgetec gtceccggaaga catcgegceac
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11820

11880
11940
12000
12060
12120
12180

12240

12300
12360
12420
12480
12540
12600

12660

12720
12780
12840
12900
12960
13020

13032

60

120
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acgctggcga

gagggatatc

cggggcacgg
cagtggcccg
gacgcctgeg
ggegetecegg
gtcatggtgg
gggcactgca

g€ggregrecy

ctgatcgcgg
aggctgacga
gcegecgacg
atcgacatcc
ctgtcatcgg
ccgctggaga

cgcttcgaaa

agcccgeatc
gagcgcegtcg
accacgctgg
gtgeegggeg
ctcgecgacg
cggctctcca

aaggtcctceg

cacttcgtcg
gacgccaccg
gtcgecgacce
gacggetgge
gccegtceatceg

gatctggtcg

geggeggecee

tcegggggct

cgaccgceggt
gtatggccge
ccgaggegtt
gcgegeegece
ggctggecega
tcggggagat

tggtgatcga

tcgegeggtce
tcgeegeggt
agctgttggce
ccgcegeactce
tcaccgcggg
cccaagggct

gegtggtcac

cgatgctgac
tgatcctgcec
ccgagctgta
gccgactgat
cceceggatcec
CcCgcggagceg

aggacgtcgc

cttcgggcett
gactgctgct
atctgcactc
ccgacceege
gcatggeggg

cCgaaggcac

ggcgcetcace

cgacgceggtg

cggcgacggg
ggatctgctg
cgaaccgtat
cctggagggg
gctgtggegg
cgcggeggcece

gagcagccgg

cgaggcgcag
caacggcccg
ggagttggcc
ggcgttcatg
tgcgtcecgegg
cgacgcggct

ggggetgetg

catgtgtgtg
gacgctgcat
cgtacggggg
caccctgecc
tgcggaggcec
gaagecgecgg

cggggcrggac

cgactccgeg
gcecttcace
ccggcetcettce
ggcgegceggcec
ccgcetteccc

cgacgccctce

catcgcgcegg

gceegaggtg

gtcgegtteg
acggtctccc
gtceectggt
accgatgtgg
actcttgggg
catctctgceg

gcccaggega

ctgcttecege
atggccacgg
cgtgceggtg
gcecececectcea
ctgcegttcec
tactggtacc

cggcagggca

caggccaccg
cgcgggcraag
gcgctggatg
ctcgagcecgce
tgcecggeccc
ctgtgcgagce

gecgeegegece

gcegeggteg
ctggectteg
gatcaccggg
ggtccggeca
gggggegcete

tceeecttece

cggtgatcgce

aggacgecce

tctteeecgg
ctgccttcag
caccggaggce
tgcagccgac
tgagcccgac
gecgcecectgte

cgctetecgg

tactgcggceg
tcgtctecgg
tcecgggececg
gggacggtct
actcctcggt
ggaacctcgce

cgegetgett

ccgaggaggt
ccgeegtcega
accctecgggce
tcgcggacac
cttgggegga
tggtgggegt

acggcatcgc

cgctgegcaa
accatccgac
gcggtgggea
gggccgacga
gtacccegga

cggaggegcceyg

ggcggaccegg

cggtgtcgta

ccagggcacc
ccgggeggtce
ggtgetgegg
getgttegee
gacgatcgtg
gctgtccgac

gtcgggtgceg

gtggeeggge
cgatcggcecg
cgaggtggcg
gctcgactcg
catcgggggg
cgacacggtc

cgtggagctg

ggtcggeggt
gtcegttege
ggcgttecteg
gtccgtagag
geggettgee
cgaggcggcece

tgagcaggag

ccgectgaac
acccgeegece
gcegggcegec
cgagccgatc
ggagctgtgg

gggctgggat
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180

240

300
360
420
480
540
600

660

720
780
840
900
960
1020

1080

1140
1200
1260
1320
1380
1440

1500

1560
1620
1680
1740
1800

1860
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ccgetgegge

ggattcctce
gccacggceca
cgggcegegga
geceeegetgg
ctgaccggca
gggceeegcegg

gctcaggege

tcgacccceceg
tgcaaggcgt
ctcgtcgagce
ggctccgeceg
cagcaacagg
gcggtggagg

ctggcggcgt

tcgaacatcg
gcgctccage
gactggtcgg
cacccgegece
ctcgagcagg
ccteeectge

cgcctgeacg

ctcgeccaccg
caactcctce
acagcggacc
ggtcaatggg
atggccgect
caccggeegg

tcgatcatgg

tctacgatcc

acgacgccga
tggatcccca
tcgacccgac
actacagccc
acatcggcgc
tgtcegtgga

tgegggeegg

gcatgttcat
acgcggeegce
ggctgtcecga
tcaaccagga
tcatccgggce
ggcacggcac

acgggeages

gacacaccca
geggtgtget
cgggggecegt
gggegggggt
caacgccatc
cgtgggtgat

aacacctcac

gcegegecac
acggcctgga
gtcccegecac
cgggeatggg
gcgaacagge
ccgacgacgce

tgtcecetgge

ggacccecegcece

caagttcgac
gcageggctg
cgecgetgege
ccgtatgcac
cgecggecteg
cacggegtgc

ggagtgetceg

cgagttctcg
cgcggacggc
cgcacgacgg
cggggcegage
ggeectggece
cggcaccegg

gcgggcegegce

gtgggceegeg
gcegegeacg
acggctgttg
gtegtecttce
gtccacggtg
ctcggcgaag

cgcccageca

cttcgaccac
cgegetegec
cgcecgacggce
tctacggctg
ccteteceecee
cgcatggcaa

cgegetcetgg

cggeccggea

gcegagttcet
ctcctggaga
ggcagecgea
caggcecgtcgce
gggeggatct
tcgtegtcecec

ctggecectgg

cggcagcegeg
accggctggt
ctcggacacc
aacggcttca
aatgcgggegg
ttgggcegatce

gaccggcecegce

ggcgtcatcg
ctgcacgtgg
acggagcecegg
ggcgtgageg
gctcecgagg
accccccagg

cagctccaac

cgggecegtcec
accggeeggce
cgtatcgtct
ctgaacgcct
tacgtcgact
cgcgeegaca

cgctettgeg

cgtactacca

tcggcatcgce
ccteetggga
ccggggtgtt
cggagctgga
cctacgtact
tggtagccect

tcggegggge

gtctggcetcece
ccgagggegt
aggtgcetgge
cggcgeccag
tgtcggctcee
cgatcgaggc

tgtggetggg

gggtcatcaa
acaagccgtc
tgceetggec
gcaccaacgc
ggcctaccge
cactgcgcga

cggccgacgt

tcatcggctc
ccgacccage
tcgtcttece
caccecgtctt
ggtcactcac
tcgtccagec

gcatcgaacc

g€gcgaageg

gccacgegag
ggcgcetcgaa
cgtcggegtg
gggccatctg
cgggctcgag
gcatctggceg

gacggtcctc

ggacggcecege
gggeatgctg
ggtggtacgg
cggtccatca
ggaggtcgac
gcaggegcetg

ctcgatcaag

aatggtgctc
ggattacgtg
ggagagggec
ccatgtcatc
Ccgaggccegeg
ccaggccegce

cggecacace

cgaccgcgaa
ggtccaccag
cggacaaggce
caccgagcgg
ggacatcctc
cgeectgttce

ggacgeggtce
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1920

1980
2040
2100
2160
2220
2280

2340

2400
2460
2520
2580
2640
2700

2760

2820
2880
2940
3000
3060
3120

3180

3240
3300
3360
3420
3480
3540

3600

ZIHSd 10-2017-0035346



ctcggecact
gacgcggceca
ggcatggcect
cccgaccggce
accgacgcac
atcccggtceg

gatctgectgg

ggcegatggg
cccgtacggt
gaagtcagcc
cgcaccacca
accaacctcg
actctgcgcec

tactggctcc

ttctgggagg
ccgggceacct
gaccaggcca
gcegegegece
cacctccacg
ctcgtecteg

atcgcgagceg

ccacatccgce
gcgctcatceg
gccacctegt
cgcaccgeeg
ctcaccgaac
gagctcgege

gCCgegscess

accggggccce
ttgctgetgg

ctcatcgaac

cccaaggcga
aggtcatcgc
ccgtacccect
tctgggtgge
tcgacgaagc
actacgcctc

gcggceatcegt

ccgagccgac
tcgcccacgce
cacaccccac
ccgtcatcge
cccaggcececa
ccaccccgece

acgactccac

cagtcgacgg
cgctggacgce
tcaccgacac
cccgaccegtce
tcagtgccgt
acgacaccca

atgggccgge

gccaccegga
cacgtgagga
ccgeggatac
ccctegaaca
gggtcctecg
tgcgegcecac

aggacaccce

tcggcteecg

tgagccggeg

tcggegcecac

gatcgeegeg
cctgegceagce
gtccgeggac
cgccaccaac
gctcgaccac
ccactgcccc

ccegegcegece

cgagctcgac
cgtccacgcec
gctcaccccce
ctcgctccac
catccacggc
ccacatcgac

cgaggacaag

cgaggacacc
gctgetgeceg
ctggtgttac
cagccgatgg
cctggacgct
catcgaactc

catcggcggce

ggtgceecegtce
catcgcgccc
gctcgatcac
ccccgatctg
cggcectcegtce
cggcccacgce

geegtggacg

cgtcgeccac

aggggccaac

ggtgaccctc

gcccacgtcet
caggccctcec
caggtcaccg
tcceecacgg
taccacgccc
catatcgacg

gccgacatcce

gccgactact
ctcaccgagg
gccatcacgg
cgcgaccacg
cacaccgtcg
ctceecacct

geggtgggta

aacgccgtceg
gcectgteceg
cgggacatct
cttgtcgcga
ctggaacgcc
cceectgetgg

gtgctctege

ggcaccgecec
cggctetgge
ccectecagg
tggggceggac
acggcgctga
acccggeggce

cceegtggea

cgcatcgcecg

geeeeeggeg

gcegtatgtg

gcggegceact
aagccgtacg
aggatctgca
caaccgtcat
acgacgtacg
cggtggeega

ccttctactce

ggtaccgcaa
ccgaacaccg
ccaccgccga
aagacgctca
cctggcegaca
accccttceca

cggacctcgce

ccgegetcect
cctggcacgg
ggaagccggt
tctcecgecagg
agggtctgee
agcggcatct

tgctegecect

tcaccctcag
tggccaccca
cgatggtctg
tcatcgacct
ccacctgtca
tggtccggac

ccgtectcat

aacgtcaccc
ccaccgcegct

acaccgecga

gacgctccac
cggcgeegeg
cacccactgg
ctcgggaaac
ggccaaacge
gcgactgcecce

cacggttgac

cctcegeage
caccttcgtc
aaccaccgac
ccacatcctc
ccactaccgg
acaccagcac

tgcggececgce

cgacgtcgag
tcggegtcege
cgacctcacc
gcgggecegat
catcgccacc
cgcacaggtg

Cgacgagaes

cctgatccag
cgaggccgtce
ggggetggga
tccggacact
cgacgaggac
gcegtcecacce

caccggegec

cggctgcecac
ccgcgaccag

ccceggegeg

- 117 -

3660
3720
3780
3840
3900
3960

4020

4080
4140
4200
4260
4320
4380

4440

4500
4560
4620
4680
4740
4800

4860

4920
4980
5040
5100
5160
5220

5280

5340
5400

5460
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ctcgeggatc
gcgggegtcece
ctggggccca

gacgcegttcg

tacgcggcecg
gccegecacct
gcgcagacgt
gccatggage
aagaagctca
gcegecaccg

gcgggtcaga

gcegecegtcece
ctgggtttca
ctcecgectge
ctgetggege
gccgegageg
gccatcgtceg

gagttcgtca

ctggegaggc
gecttectee
gcgacggega
cgagccggga
aacgcgcagg
gagggctatg

ctcggectgg

ctccatctgg
gtcacggtca
gcggacggcec
gtgggcatgg
gecectggtcec

aacggcccct

tcctegecga
tggacgacag
agtcccatgc

tcetettete

ccaacgccta
ccatcgcectg
acctgcgcaa
gagcggtcegt
agccgacgece
acggcgcaga

geceeggecga

tcgggcacgce
cctecgetgac
cgaccaccgt
ggtgcgegee
gcagttcgcce
gctgggectg

ccgcacaccg

tcttcgaccc
acgacgcgeg
cggaccccca
tcaacccgca
acttcagcgc
cgctgacggg

aaggccecggce

cctgccagtc
tgatgacccc
ggtgcaaggc
tggtggtgga
gcggeagege

cgcagcagcg

tgtceecteg
caccctegec
cgcacaccat

gtcegtegeg

cctcgacgcec
gggcaactgg
ccgeggettt
ctcgecccac
gcacacccge
caggaccgcce

acggcaccag

cacgccccag
ggccatcgag
cgecttegac
gacgggcececeg
cggtceggeg
ccgctacccc

ggacgccegtce

cgatccggac
cgacttcgac
gcageggctg
cgatctccac
acggetgegg
cagcaacaac

ggtcagcatc

gctcegggee
gttcaacttc
gttcteegee
geggetgteg
cgtcaaccag

ggtcatccge

ggccgecectce
gtacagaccc
ctgcacgccc

gecgecectteg

ctcgeeeggce
gacggcegacg
cctcecatge
gcccageteg
gacatccegg
gacgccaccg

acgctcctceg

acgatcccca
ctccgcaacc
cgcecegacgce
gacggcatcg
catggcgcege
ggcgggatceg

ggagacttcc

cggceggeca
ccggagttct
ctcctggaga
ggcagtccga
cagacgccgt
agcgtcgcect

gacaccgcct

ggcgaatgct
gtggagttct
accgeccgatg
gacgcgegge
gacggtgcca

gcegeectgg

tcaccgceggt
cggaccacct
tcgcccagcea

gtgecegeggg

accgeegggce
ggctegegag
cgccacacct
tcgtcgecga
aaagccgeeg
cgagcctceceg

acctcatcag

cggaccgggc
geetegegge
cggacaagct
gagtgacagc
tggaccccgce
gctcececga

cgaccgaccg

cctcgtacag
tcgggatcag
cgtcectggga
cgggegtcett
cggagcetggce
cggggegegt

gctegtectce

cgcttgecect
cccggeageg
gcaccggetg
gcaacggccea
gcaatgggct

ccgeegeegg

cgtccacacc
cgcecgeegtt
ccaccceccte

ccaggccaac

ccaggggctg
cacccagtcc
ggcgetggee
cgtcgactgg
cccggeceeg
tacccgectc

ctctcataca

cttcecgegac
ggccaccggg
cgcggcggac
cgacgcgacg
cgagcccatc
ggacctgtgg

gggctgggac

ccgacagggc
cccacgggag
agccctcgaa
caccggcagce
ggagetgtge
ctcgtacgceg

gctegtggeg

ggcgegecgec
gggecetggeg
g88Cgagggc
tcgtgtgetg
gactgcccecg

ggtcaccgcg
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5520
5580
5640

5700

5760
5820
5880
5940
6000
6060

6120

6180
6240
6300
6360
6420
6480

6540

6600
6660
6720
6780
6840
6900

6960

7020
7080
7140
7200
7260

7320
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gcagaggtgg

gcccaggecce
ggtacggtca
aagatggtgc
tcgeecgeatg
ccggacaccg
gcccatgtga

tccgegeact

caggcccgta
gggtactcce
ggccacgacg
gtcgtccagg
ggcacccagce
gcgetggagg

atgttcgccg

ccggecectcet
acccccgact
atcctcagcc
cttcecggcegg
ctcgecgagt
atcaccggceg

aaggtcacct

gacgagatcg
accgcatcgg
acggccgcegt
cggctgcacg
gcectegtcee
gagcggtgeg

ccegtegact

acgcggtcga

tgctcegecac
agtccaacat
tggcectgeg
tggactggtc
ggegeeeccg
tcctggagcea

ccgtgetcecc

ggttgcggge
tcgegegegg
acttccggceg
gcgeggeggt
gceccggeat
aggtgtgcge

acgagaagag

tcgeectceca
atctggccgg
tgccegacgce
ccggagccat
tggcggageg
accacggegce

ccctecaggt

ggcgeaccge
Ccggacggcgg
tctggectcet
ccecgeggegt
accacaacct
agacgcacag

ggacgcgcca

ggcgcacggc

ctatgggcag
cggacacgcc
gcacgggatg
ggegggtgeg
gCggecraggeg
ggcggagecg

ctggcccectce

gtacgtggcce
acgggccacc
cggcttggac
ggggeggcag
gggcegegeg
ccatctggac

cgatacgtcg

gaccgcegetg
ccactccctg
cgeggegetg
ggtcgeegte
ggtcgacatc
cgtgcaccag

cagcggcegcece

cgaaaccctc
cgacgacacg
ccaggccegg
caccacgttc
cgcecgegeac
cgtcetegge

ctacaccgca

acggggacga

gggcggccgg
cagtcggccg
ctgcegegta
gtacggcetge
gtgtcgtect
gggceeggace

tccgecaggt

gagcacccgg
ttcgagcacc
geectggtgt
ggcaaggtcg
ctctaccgct
ccgtatctgg

gegetgetge

catcgcatgg
ggcgagetga
gttgcggecce
gaggccaccg
gcegecegtcea
atcgccgacg

ttccactccec

acctaccacc
atcgagccgce
cgcaccgtgce
ctggaactcg
gatccecgtgg
gcgcetegeceg

cggeegeggce

cgcteggcega

cggaccgggc
ccggtatcge
cgctgcatgt
tgaccgagga
tcggegtgag
cggacccggce

€ggcggagec

atgtcgaccc
gggecegtgct
cgggegegece
tctttgtgtg
cgtccacggce
aacaccctct

atctgaccgc

tcaccgagga
ccgecgeeca
gecgecegege
aggccgaact
acgccccege
acttccgcegce

cccatatgga

ggceccacac
gggcecgacga
actacgcacg
gceecgacge
ctgtctccect
cggtccacgce

cgacgccaca

tccgatcgag

getgtggetce
cggggtcatc
gtccgagecg
ccagccgtgg
cggcaccaac
gccgacggcece

cctgegggcec

cgccgacgtg
cctecggceacc
cgacggcgeg
ctcggggcag
gttcgeeggg
gatggaggtg

ctacgcccaa

gttcgggcetce
tctggegggc
catgcgggac
geggeetegg
gtcectggtce
gcagggcagg

gcecectgetce

tctectegte
cgacccgggce
ggeegtggag
caccctcacc
gctccateceg
ccacagccgce

ccagatcgac
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7380

7440
7500
7560
7620
7680
7740

7800

7860
7920
7980
8040
8100
8160

8220

8280
8340
8400
8460
8520
8580

8640

8700
8760
8820
8880
8940
9000

9060

ZIHSd 10-2017-0035346



gtgcccacct
gatgtgacgg
ctcgeggagg
ctggccgacc
gegetgeggg
ccgeteececeg

ggeegecegtg

gccatcggcea
gcggatgacg
ttggacgtca
ttccaggggce
cccgaccage
gcactgcaga

ggccececgatce

tcggeectgce
gacccggecg
ggcgecttge
gatgtgccge
acgctcggcec
gagcgctacg

gacctcgtca

cagcccgaga
ggcgeggacg
€cggcegegecg
ggccagtcegg
cgegeggege
cgggegetgg

ctgeegeggg

ttgaccacga

geggtgeggg

g8gcggacgg

atgccttcceg
ccgeggggcet
gcgacggctg
atgtcatcgt
ccggggegta
ccgacggtga

agctgagcat

cgctggceacce
ggcagttcgg
ccggggtcta
tggtcgegge
cggeeggtga
ccatgtggct

ggggectgece

gggtacggct
gccgacceggt
gcggegecega
tgccgacgcec
tgggcccecgce
ccgacctgga

tcgccacctg

cggtgcegceac
ggctcgecga
agctggtgceg
agcatccgga
tgctcggege
cgeegegect

ggccggaagy

ccgagtcccc

ccgegggect

cgctgggcag

gcaccggege
cgacgcgecg
tctgctgacc
cggcaccgtg
tgtgggetge
ggtggtgcete

tcacgcccgg

ggccecacgac
gtegtgggee
cgeeeggttt
ttggeggcac
cgcccaccgce
cgtggagccc

gttcgeetgg

gcgacggceceg
cgegteggtg
ggeggeggtg
gceeceggece
gctcgaggece
ggagetggtg

Cccacacagcc

aaggacgggt
cgcacacctg
tgacctggcg
gtgcttcacc
gcteggecte
ggtgegeeeg

ctggeggttg

ggeegeggceg
gaacttccgce

tgagggggcg

tactggctgc
gagcacccge
ggcaggatct
ctgcttcecegg
ggeegtgtgg
caggtgacgg

ccggeggacg

gtcgacgegg
acggectggce
gcegacgecg
ggcgacgaga
ttcgggcetgce
gacggcacac

cagggggtct

gcgecggaca
gagtcgctga
cgcacctcgt
cggcececeggt
gcggegececeg
cgcteegtgg

cctgaagccg

caggtgctgg
gtgctgttca
g8ggcgacceg
gtggtggaca
ggcgagcectce
ggtgeegeag

gagtgtcccg

gtgccgetceg
gatgtgctga

gggatcgtcc

ccgeeecggce
tgatcggcgce
cgeegegtac
gcaccgegtt
aggagctgac
tgggggecegc

acggtacatg

gtcaagatgg
cgcegeeegg
agttcacgta
cgetggegga
acccecgegct
ggccgacgegg

cgctgegtac

ccgtggecegt
cgetgeggee
tgcacggcect
gtgcgctgat
accgcatcac
cggcggecgec

acggcgcegag

agctgcttca
cctcaggcegce
tctggggtcet
tggacggcegc
aactggcggt
ccgacgacag

gcacgggeag

geceegggega
tcgegetggg

tcgaggtegg

ggeggtcegge
cgeegtgggg
gcacccgtgg
cgtggagetg
cctgcacgceg
cgacgagtcc

gacacggcac

ccacgccceg
tgcggagecc
€cggggaggcc
ggtccegectce
gctcgacgeg
tggectggge

ggcrggegceecg

cgeegtgget
ggtgeegegg
ggactggacg
cggagcggac
cgacggcegtg
cccegeeeeg

cgaacagcca

geggtggete
ggtcgccacce
ggtgegcetcece
ccaggagtcc
gcgegecegec
cggeetggee

cctggacggg

ggtacgggtc
cgtggtgcce

ggcggaggtce
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9120
9180
9240
9300
9360
9420

9480

9540
9600
9660
9720
9780
9840

9900

9960
10020
10080
10140
10200
10260

10320

10380
10440
10500
10560
10620
10680

10740

10800
10860

10920
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cgcgatctca
gecegtggeeg
gegteggtcec

€ggregeses

caactggcgce
atcctgcegct
gagcagcgct
gcccatgagt
gagatgggca
ctctaccggg

accgtactgg

atccggcagg
gtgctcaccg
ggcaccctgg
ctgetggtceg
accgagctgg
gececeggetcece

ggtgtcegteg

gccgecaagg
gegttegtcee
gcegeggecea
geggtgtcege
caggccgacce
ctcgaacttt

gacgtgeccg

ggatccagga
acccgectceg
tcgcacgecg
ttcegeggtce
gccaccggcec

gccecgteacg

cgeeegggga
agcgggcegac
ccatcgtgtt

aatcggtgct

gccatctggg
cccaaggcat
tcgecegegac
tcgtcgacgce
agagcgacat
cgttcgacct

acctgttcga

cggagcaggce
tceceggeegg
gtgccgecect
gccgacgcegg
gcgegegggt
tgggggegat

acgatgccac

ccgacgeegce
tcttectecte
acgccttcett
tggegtggeg
gecgcececggcet
tcgacaccgce

acccgceaccece

cccggeggac
acggtcacgc
ctctegtgcet
tgggcttcga
tcecggcetcetce

tccgggagca

ccgggtggtg
cttggcgegg
cgccaccgeg

gatccatgcc

ggcegaggtg
cgacgacgac
ccacggegeg
ctcgetgege
ccgtgaccceg
gttggaggcece

gecgeggtgtce

cttccgecat
ctggaacgcc
cgctegecat
cccecgacgece
caccatcgcc
cccggecgag

cctegggtcec

ctggcatctg
ggtcgeeggt
ggacgcgctce
gctgtgggag
ggcceceggetce
cctecggecac

cggctegteg

accccecgeg
cccggecgag
gggceegegac
ctceectgacc
caccacccte

ggtgctggge

ggtatcttce
atccccgacg
taccacggcc

gcggeegecyg

tacgccacag
catctggcegt
cggggceateg
ctggtggege
cggcaggtgg
gggceceggage

ctggcgcacc

ctgcagcagg
gagggcaccg
ctggegggta
ccgggegeeg
gcatgcgatc
cggcegcetga

ctcacccccce

cacaccctca
ctgctcggcet
gcccaccacc
cagaccagcg
ggcatcagcc
caccgceceeg

accgtgcecgce

tccgecgeca
cagcacgaga
gatccggaca
gcggtegage
gtcttcgacc

gacggegaag

ccgaggegtt
getggtegtt
tggtcgatct

gggtgggceat

ccggeecegg
cgtcgegceac
atgtcgtcct
gtgacggcegg
cgctggacca
gggtegggea

tgccgacgac

gccgcecacat
tactgatcac
ccgggegegce
aggagctgeg
tcggegacceg
ccgeegtcat

gccacctgga

cccgecacgce
cgcecegggea
ggcgcetgetce
gcatgaccgg
cgctcacgac
tgctegtece

ccctgtacceg

ccgggeegtt
tgctgctctce
cggtccatcc
tccgcaatcg
accccacgcece

cggegegggt

cggececeggtg
cgcccaggec
ggegegectg

ggeegecegtg

caagtggcac
gctggagttce
ggactgtctg
ccggttectg
tcegggegtg
gatcctgege

ctgctgggac

cggaaagaac
cggeggtacg
ccgccatctg
agaggagctg
ggeggeggtce
ccacgcggeg

cgcecgecectg

cgacgtggcec
gggcaactac
tggccttecg
agacctggac
€gggcagecg
cgccecegectce

gggectggte

cceectgeat
getggtecge
cggcgegeac
gctcaacgcc
cgacgaactc

ggceeeggtg
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10980
11040
11100

11160

11220
11280
11340
11400
11460
11520

11580

11640
11700
11760
11820
11880
11940
12000

12060
12120
12180
12240
12300
12360

12420

12480
12540
12600
12660
12720

12780
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ZIHSd 10-2017-0035346

ctggccecgage tcgacaggcet ggaggecgeg ctgtececcecggg tgaacgggga cgatgegcetce 12840
cgggegagge tgacggeccg getgeaggee cttetectga agtggaacga gtcecgatggt 12900
ccggegacgg gcegecagacgg tgegggeagg ctggegtecg ccacggecge cgaggtgetg 12960
gatttcatca ggaacgacct cggcctctcee tga 12993
<210> 70

<211> 13032
<212> DNA
<213> Artificial Sequence

<220><223> milAl gene of Streptomyces milbemycinicus

<400> 70

ttgcccaaag cccagaacga gttcgcagtg gecggtcatce cgtggatcect ctcecgggceac 60
accggaaccg cgcetgeggge ccaggeacgce cggcetccacg accatgtcege cgaccaccct 120
cggcteccegtce cggaagacat cgcecccacacg ctggegagea geggeccgge gcetcacccat 180
cgecgeggegg tgatcgegge ggaccgggaa ggacatctec gggggcetcega cgeggtggece 240
cggggtgagg acacccececgg tgtcegtacgg ggcacggegg ccgegggegg cgacggggtce 300
gegttegtet tcecccggeca gggcecacccag tggecceggta tggecgecga tetgetgacg 360
gtctceceecg ccttcageecg ggeggtcgac gectgegecg aggegttcega accgtatgte 420
tcctggtcac cggaggecgt getgeggggce getceecgggeg cgecgeccect ggaggggacce 480
gatgtggtgc agccgacget gttcgecgte atggtgggge tggecgaget gtggeggact 540
cttggggtga gcccgacgtc gatcgtggge cactgcatcg gggagatcge ggcageccat 600
ctctgeggeg ccectgteget gtcecgacgeg gegegegtgg tgatcgagag cageegggec 660
caggcgacgce tctcecgggtc gggtgegetg atcgeggtceg cgeggtcecga ggegeagetg 720
cttcegttge tgecggeggtg gecgggecagg ctgacgatcg ccgeggtcaa cggeccgatg 780
gccacggtcg tctceccggega tcecggecggece gecgacgage tgttggegga gttcegeeegt 840
geeggtgtcee gggeccgega ggtggegatce gacatccccg cgecactegee gttcatggece 900
cccctcaggg acggtetget cgactegetg tcatcggtca ccgegggtge gtegeggetg 960
ccgttecact ccteggtcat cggggggecg ctggagacce aagggetcga cgeggettac 1020
tggtaccgga acctcgeccga cacggtccge ttcgaaageg tcgtcacggg getgetgegg 1080
cagggcacac getgettegt ggagetgage ccgcacccga tgetgaccat gtgtgtgcag 1140
gccaccgecg aggaggtggt cggeggtgag cgegtegtga tcectgecgac getgceatege 1200
gggcaggcecg ccgtcecgagtce cgttcecgecacce acgetggecg agetgtacgt acggggegea 1260
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ctggatgacc

gagccgeccg

cggcccccct
cgcgagetgg
ccgggecacg
gcggtegege
gcecettegace
caccagggcg

ccggecages

ggcgeccegta
ccetteecegg
cccggeacgt
gagttcttcg
ctggagacct
agccgcaccg

gegtegeegg

cggatctcct
tcgteectgg
gcectggteg
cagcgceggte
ggetggteeg
ggacaccagg

ggcttcacgg

gceggggtgt
ggcgatccga
cggeegetgt
gtcatcgggg
cacgtggaca

gagccggtgce

atcgggegge

cggacacgtc

tggtggageg
tgggcgtcga
gcatcgegga
tgcgcaaccg
atccgacacc
gcggegcagec

ccgacgacga

ccccggagga
agggcecgegs
actaccagcg
gcatcgegcec
cctgggaggc
gggtgttegt

agctggaggg

acgtactcgg
tcgeectgcea
gcggeggcegac
tggctccgga
agggtgtggg
tgcttgcggt

cgcccagegg

cggctcecgga
tcgaggegca
ggctggggtce
tcatcaaaat
agccgtcgga

cctggecgga

gttctcggtg

cgtagagctc

gettgeeegg
ggcggcecaag
gcaggagcac
cctgaacgac
cgccgecegtce
gggegeegac

gccegatcegec

gctgtgggaa
ctgggatccg
cgaagcggga
acgcgaggcc
gctcgaacgg
cggegtggec

ccatctgctg

gcttgaggeg
tctggeggee
ggtccteteg
cggecegetge
catgctgctc
ggtacggggc

tccatcacag

ggtcgacgeg
ggegetgetg
gatcaagtcg
ggtgetegeg
ttacgtggac

geggggceeac

ccgggceggcece

geegacgecce

ctctccaccg
gtcctcgagg
ttcgtcactt
gccaccggtt
gccgaccatce
ggceceggcececeg

gtcatcggca

ctggtcgcecg
ctgcggctct
ttcctecacg
accgcaatgg
gcgeggatceg
ccgetggact

accggcaaca

ccegeggtgt
caggcgctgce
acccceggea
aaggcgtacg
gtcgageggc
tccgecegtca

caacaggtca

gtggaggggc
gcegectacg
aacatcggac
ctccagcacg
tggteggeeg

ccgegeeges

gcctgatcac

cggacceggc

cggagcggaa
acgtcgecgg
cgggcttcga
tgctgetgcec
tgcactcccg
acccegeggce

tggegggeceg

aaggcaccga
acgatccgga
acgccgacaa
atccccagca
acccgaccgce
acagcccecg

tcggegecegce

ccgtggacac
gggcecegggga
tgttcatcga
cggeegeege
tgtccgacgce
accaggacgg

tcecgggegge

acggcaccgg
g8Cagegegcy
acacccagtg
gtgtgctgece
gggecgtacg

cgggggtgtce

cctgectctce

ggaggcectgce

gcggeggctg
ggcggacgceg
ctcecgeggec
cttcaccctg
gctcecttegat
ggeggeeggt

cttceceeggg

cgeecteteg
cccegeeegg
gttcgacgcc
gecggetgcete
gctgegeggce
aatgcaccag

ggcctegggg

ggegtgeteg
gtgctcgetg
gttctcgegg
ggacggcacc
gcgacggcetce
ggcgagcaac

cctggccaat

caccecggttg
ggcggecgac
ggeegegggt
gcgcacgetg
gctgttgacg

gtcetteggg
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1320

1380

1440
1500
1560
1620
1680
1740

1800

1860
1920
1980
2040
2100
2160

2220

2280
2340
2400
2460
2520
2580
2640

2700
2760
2820
2880
2940

3000
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gtgagcggca

ccecgggeeec
ccccaggeac
ctccaaccgg
gcegtectcea
ggceceggcececeg
atcgtcttcg

aacgcctcac

gtcgactggt
gccgacatcg
tcttgcggcea
cacgtctgceg
gccectccaag
gtcaccgagg

cccacggeaa

cacgcccacg
atcgacgcgg
gacatcccect
gactactggt
accgagaccg
atcacggcca

gaccacgacg

accatcgact
cccacctacce
gtgggtacgg
gcegtegeceg
ctgtccgect
gacatctgga

gtcgcegatct

CCaacgccca

ataccgccga
tgcgegacca
ccgacgtcgg
tcggectccga
acccagcggt
tctteeecegg

ccgtcettcac

cactcacgga
tccagececgce
tcgaaccgga
gcgcecectgac
ccgtacgegg
atctgcgcac

ccgtcatctce

acgtacggge
tggcegageg
tctactccac
accgcaacct
accaccgcac
ccaccgaaac

acacccacca

ggcgacacca
ccttccaaca
acctcgecgce
cgctectcga
ggcacggtceg
agccggecga

ccgcagegscesg

tgtcatcctc

ggccegggect
ggcecgecege
ccacacccte
ccgcgaacaa
ccaccagacg
acaaggcggt

cgagcggatg

catcctccac
cctgttcteg
cgecegtectce
gctccacgac
cgeeggegeec
ccactggccc

gggaaacacc

caagcgcatc
actgcccgac
ggttgacgge
ccgcagceecg
ctttgtcgaa
caccgaccgce

catcctcacc

ctaccagact
ccaccactac
ggcceegette
cgtcgagcecg
gecgtcegegac
cctcaccgcec

ggccgatcac

gagcaggcaa

ccectgeegt
ctgcacgaac
gccaccggcece
ctcctecacg
tcggaccgtc
caatgggcegg

gecegectgeg

cggceggeeg
atcatggtgt
ggccactccc
gcggecaagg
atggcctcceg
gaccggctat

gacgcgcettg

ccggtcgact
ctgetgggeg
cgatgggeceg
gtacggttcg
gtcagcccac
accaccaccg

aacctcgccc

ctgcgeccca
tggctccacg
tgggaggegg
ggcacctcac
caggccatca
gecgegeeccce

ctccacgtca

cgccatcgtce

gggtggtcte
acctcaccgc
gcgccacctt
gccetggacge
ccgecaccgce
gcatgggcect

aacaggccct

acgacgccgt
ccetggecege
aaggcgagat
tcatcgccct
tacccctgcec
gggtggeege

acgaagcgct

acgcctccca
gcatcgtccce
agccgaccga
cccacgecgt
accccacgct
tcatcgcctc

aggcccacat

ccccacceca
actccaccga
tccacggcega
tggacgcgct
ccgacacctg
ggecegtecegg

gtgccegtect

cacggtggct

ggcgaagacg
ccagccacag
cgaccaccgg
gctcgecacce
cgacggcecgt
acggctgctg

ctcceecectac

atggcaacgc
gctcetggege
cgcegeggece
gcgcagecag
cgcggaccag
caccaactcc

cgaccactac

ctgcccccat
gcgegeegece
gctcgacgcee
ccacgccctce
cacccccgece
gctccaccge

ccacggecac

tatcgacctc
ggacaaggcg
ggacaccaac
gctgecggec
gtgttaccge
ccgatggctt

ggacgctctg
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3060

3120
3180
3240
3300
3360
3420

3480

3540
3600
3660
3720
3780
3840

3900

3960
4020
4080
4140
4200
4260

4320

4380
4440
4500
4560
4620
4680

4740
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gaacgccagg
ctgctggagce
ctctegetge
accgccctca
ctgtggetgg
ctccaggcga

ggcggcectca

gcgctgacca
cggcgectga
cgtggcaccg
atcgccgaac
cccggegeca
gcatgtgaca

cgccecctca

cagaccccgg
cacgccctceg
ccetteggeg
gcccageacc
ggcgacgggc
ccgatgecgce

cagctcgtceg

atcccgggaa
gccaccgega
ctcctegacc
atccccacgg
cgcaaccgcece
ccgacgeegg

ggcatcgggg

ggcegegecegg
gggatcggcet

gacttcccga

gtctgeccat
ggcatctcge
tcgecectcga
ccctcagect
ccacccacga
tggtctgggg

tcgaccttcc

cctgtcacga
tccggacgcec
tcctecatcac
gccaccecga
ccgegetecg
ccgeegacce

ccgeggtcegt

accacctcgc
cccagcacca
ccgegggeca
gcegggecca
tcgcgagcac
cacacctggc

tcgcecegacgt

gcegeegecce
gccetecgtac
tcatcagctc
accgggcctt
tcgeggeggce
acaagctcgc

tgacgcccga

acccegecga
cccecgagga

ccgaccgges

cgccaccctce
acaggcgatc
Ccgaggggcca
gatccaggcg
ggccegtegee
gctgggacge

ggacactctc

cgaggacgaa
gtccaccgcec
cggcggeacce
ctgccacttg
cgaccagctc
cggcegegcetce

ccacaccgeg

cgeegttcetg
cceectegac
ggccaactac
ggggetggece
acagtccgceg
gctggecegece

cgactggaag

ggceceggece
ccgectegeg
tcatacagcc
ccgcgacctg
caccgggctce
ggccgacctg

cgcgacggece

gcccatcegec

cctgtgggag

ctgggacctg

gtcctcegacg
gcgagcegatg
catccgegcec
ctcatcgcac
acctcgtccg
accgcecgeac

accgaacggg

ctcgegetgce
gcagcggagg
ggggeectgg
ctgctggtga
atcgaactcg
gcggatctcce

ggegtcectgg

gggcccaagt
gegttegtece
gcggeegecea
gccacctceca
cagacgtacc
ctggagcgag

aagctcaagc

gccaccgacg
ggtcagagcc
gcegtecteg
ggtttcacct
cgectgecga
ctggegeggt

acgagtggca

atcgtcggct
ttcatcaccg

gcgaggcetct

acacccacac
ggccggecat
acccggaggt
gcgaggacat
cggatacgct
tcgaacaccc

tcctecacgg

gcgecaccgg
acaccccgece
gctcecgegt
gccgegcegagg
gcgccacggt
tcgccgatgt

acgacagcac

cccatgecgce
tcttectegte
acgcctacct
tcgeetgggg
tgcgcaaccg
ccatcgtctc

cggcgcecegcea

gcgeggacag
cggccgaacg
ggcacgcecac
cgctgacggce
ccaccgtcgce
gcgegeegac

gttcgeeegg

tggcctgecg
cacaccggga

tcgaccccga

cgaactcccc
cggeggegtg
gceegtegge
ggcgeeeegg
cgatcacccc
cgatctgtgg

cctecgtcacg

cccacgcacc
gtggacgccc
cgcccaccgce
gcccaaggcec
gaccctcegee
ccecteggac

cctcgecegta

acaccatctg
cgtcgeggceg
cgacgccctce
caactgggac
cggctttect
gcccecacgec

cacccgegac

gacggccegac
gcaccagacg
gcceccagacg
catcgagctc
cttcgaccgt
aggcccggac

tgcggcgeat

ctacccceggce

cgececgtcegga

tccggaccgg
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4800
4860
4920
4980
5040
5100

5160

5220
5280
5340
5400
5460
5520

5580

5640
5700
5760
5820
5880
5940

6000

6060
6120
6180
6240
6300
6360

6420

6480
6540

6600
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ccgggcacct
gagttcttcg
ctggaggegt

agtccgacgg

acgcegtegg
gtcgectegg
accgectgct
gaatgctcgc
gagttctccce
gccgatggcea

gcgeggcegcea

ggtgccagca
gcectggeceg
gggacgacgc
cggcegegcgg
tcggecgeceg
ccgegtacge

cggctgcetga

tcgtectteg
ccggaccegg
tcggeggagg
gatgtcgacc
cgggeegtge
tcgggegege

gtctttgtgt

tcgtccacgg
gaacaccctce
catctgaccg
gtcaccgagg
accgecgecece

cgcgececegeg

cgtacagccg
ggatcagccc

cctgggaagce

gegtcettcac

agctggegga
ggcgegtcetce
cgtceteget
tggcectggce
ggcageggeg
ccggetgggg

acggccatcg

atgggctgac
ccgeeggggt
tcggegatcc
accgggcegcet
gtatcgeegg
tgcatgtgtc

ccgaggacca

gcgtgagegg
caccgacggce
ccetgeggge
ccgecgacgt
tccteggeac
ccgacggegce

gcteggggcea

cgttecgeegg
tgatggaggt
cctacgccca
agttcgggct
atctggeggg

ccatgcggga

acagggcgcec
acgggaggcg
cctcgaacga

cggcagcaac

gctgtgegag
gtacgcgctce
cgtggegctce
gggeggegte
cctggeggceg
cgagggegtg

tgtgctggcec

tgccecgaac
cgcecgeggea
gatcgaggcc
gtggeteggt
ggtcatcaag
cgagccgtceg

geegtggeeg

caccaatgcc
ctcecgegecc
ccaggceccegt
ggggtactcc
cggccacgac
ggtcgtccag

gggcacccag

ggegetggag
gatgttcgcce
accggcecctce
cacccccgac
catcctcagce

ccttccageg

ttcecteegeg
acggcegacgg
gccegggatca

gcgcaggact

ggctatgege
ggcctggaag
catctggcct
acggtcatga
gacggcceggt
ggcatggtgg

ctcgtcecegeg

ggccecectege
gaagtggacg
caggccctgce
acggtcaagt
atggtgctgg
ccgcatgtgg

gacaccgggc

catgtgatcc
tceetgeccc
aggttgetgg
ctcgegegeg
gacttccggce
g8cgegecgg

cgcececeggea

gaggtgtgeg
gatgagaaga
ttcgecectcee
tatctggecg
ctgcecgacg

accggagcca

acgegggcega
acccccagcea

accccecacga

tcagcgcegceg

tgactggcag
gceeggeggt
gccagtcegcet
tgaccccgtt
gcaaggcegtt
tggtggageg

gcagcgcecegt

agcagcgggt
cggtcgaggc
tcgccaccta
ccaacatcgg
ccctgeggea
actggtcgge

gcecececeggeg

tggagcaggce
cctggececct
cgtacgtggce
gacgggcegt
gcgecectgga
tggggceggea

tgggccgegg

cccatctgga
gcgatacgtce
agaccgcgct
gccactcecect
ccgeggeget

tggtcgeegt

cttcgacccg
gcgactgcetce
tctccacggce

gctgeggeag

caacaacagc
cagcatcgac
ccgggeegec
caacttcgtg
ctccgecaca
gctgtcggac

caaccaggac

catccgegcec
gcacggcacg
€gggcragegs
acacgcccag
cgggatgetg
gggtgeggta

ggcgggggtg

ggagecggeg
ctcecgecagg
cgagcacccg
gttcgagcac
cgeeectggeg
gggcaaggtce

gctctaccge

ccecgtatctg
ggegetgetg
gcaccgcatg
gggcgagetg
ggtggeggcece

cgaggccace
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6660
6720
6780

6840

6900
6960
7020
7080
7140
7200

7260

7320
7380
7440
7500
7560
7620

7680

7740
7800
7860
7920
7980
8040

8100

8160
8220
8280
8340
8400

8460
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gaggceggage

aacgcccceg
gacttccgeg
ccccatatgg
cggcccecaca
cgggccgacg
cactacgcgc

ggccccgact

geegtcetece
gcggtccacg
ccgacgccac
cccgeecegg
ctgatcggceg
tcgeegegta

ggcaccgegt

gaggagctga
gtggeggtgg
gcggacgacg
ggcctcgacg
tcgtgggcca
gaccggtttg

tggcggeacg

gcecteeget
gtggagceeeg
ttcgeetggce
cgacggcegg
gegteggtgg
acggeggtgce

cagacggccce

tgcggececceg

cgtcectggt
ggcagggcag
agccectget
ctcecectegt
acgacccggg
gggecegtgga

ccaccctcac

tgctccatcc
cccacagecg
accagatcga
cggeggtegg
ccgeegtgtg
cgcacccgtg

tcgtggagct

ccctgeacge
gggcecegecga
gtacatggac
atggcacggg
cggectggec
ccgacgccga

gcgacgagac

tcgggcetgcea
acggcacacg
agggggtctc
cgcecggacac
agtcgctgac
gcacctegtt

tgcceeggtg

gctcgecgag

catcaccggc
gaaggtcact
cgacgagatc
caccgegtcg
cacggccgeg
geggetgege

taccctcegtc

ggageggtge
cceegtegac
cgtgcccacc
cgatgtgacg
gctegeggag
gctggecgac

ggcgetgegg

gccacteecg
cgagtccggce
acggcacgcc
gcacaatggc
gcegeceggt
gttcacgtac

gctggeggag

cceegegetg
gcegageggt
gctgegtacg
cgtggecegtce
gctgeggeeg
gtacggectg

tgcgctgatce

ttggcggacc

gaccacgacg
ccectecagg
gggcgeacceg
gccgacggceg
ttctggectce
gceegeggceg

caccacaatc

gagacgcaca
tggacacgcc
tatgccttcc
gcegegagec
ggcgacggct
catgtcatcg

geeggggegt

ctgceegecg
cgcecgtgage
atcggcacgc
cacgccecegg
gccgagecect
ggggaggcat

gtccegectcece

ctcgacgegg
ggeetgggeg
gcgggeeegt
gcegtggeeg
gtgeegeggg
gactggacgg

ggageggaca

gggtcggeat

ccgtgcacca
tcagcggcegce
ccgaaaccct
gcgacgacac
tccaggceccg
tcaccacgtt

tcgeegegea

gegtectegg
actacaccgc
ggcaccggceg
tcgacgceggce
gtctgctgac
ccggcactgt

acgtgggctg

acggtgaggt
tgagcatcca
tggcatcggce
cgggcegacga
tggacgtcac
tccaggggct

ccgaccagece

cactgcagac
gcceccgateg
cggeectgeg
acgceggeegg
gecgecttgeg
atgtgccgct

cgctegacct

cgecgecegtce

gatcgccgac
cttccactct
cacctaccac
gaccgagcecg
gcgcaccgtce
cctggaactc

cgatcccgtg

cgcactcgcec
acggeegegg
ctactggctg
ggagcacccg
cggcaggatc
gctectteceg

cgaccgtgtg

ggtgctgcag
cgceeggeeg
ccgeggegtce
geegtteggg
cggggtctac
ggtcgegget

ggceggtgac

catgtggctce
gggecetgeeg
ggtacggcetg
ccggeeggte
cggcaccgag
gcegacgeeg

ggtcceegeg
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8520

8580
8640
8700
8760
8820
8880

8940

9000
9060
9120
9180
9240
9300

9360

9420
9480
9540
9600
9660
9720

9780

9840
9900
9960
10020
10080
10140

10200
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ctcgaggcecg
gagctggtge
cacgcagccc
aggacgggtc
gcacacctgg
gacctggegg

tgcttcaccg

ctcggecteg
gtgegeeegg
tggeggttgg
geegegecgg
aacttccgceg
gaggeeaceg

cgggtggtgg

ctggegeggg
gccaccgegt
atccatgccg
gcegaggtgt
gacgacgacc
cgcggegeec

tcgctgegee

cgtgacccgce
ctggaggeceg
cgeggtgtcee
ttccgecatce
tggaacgccg
gcecgtceatce

cccgacgece

accatcgccg

ccggcecgage

ctcgggtcecce

cggcgeccga
gctceegtgge
ctgaagccga
aggtgctgga
tgctgttcac
gggeggeggt

tggtggacat

gcgagecgea
gtgacgccga
agtgtcccgg
tgcecgetcegg
atgtgctgat
ggatcgtcect

gtatcttcce

tcceegacgg
accacggcct
cggcegegcgg
acgccacggce
atctggcctc
gggggatcga

tggtggegeg

ggcaggtggc
ggccggageg
tggecgcacct
tgcagcaggg
agggcaccgt
tggegggtac

cgggegeega

catgcgatct

ggccgetgac

tcaccceecg

ccgcatcacc
ggcgeggcegcec
cggecgegage
gctgcttcag
ctcaggcgceg
ctggggtetg

ggacggcegcee

actggeggtg
cgacgacagc
cacgggcagce
cccgggegag
cgegetgggce
cgaggtcggg

cgaggcegttc

ctggtcgttc
ggtcgatctg
ggtgggcatg
cggceccggce
gtcgegecacg
tgtcgtcectg

tgacggcggce

gctggaccat
ggtcgggcag
gccgacgacce
ccgtcacatc
actgatcacc
cgggcegegcec

ggagctgega

cggcgaccgg
cgctgtcatc

ccacctggac

gacggegtgg
cccgeecegg
gaacagccac
cggtggeteg
gtcgcecacce
gtgcgceteceg

caggagtccc

cgcggeggcec
ggcctggece
ctggacgggt
gtacgggtcg
gtggtgeeeg
gcggaggtcece

ggceeggtgg

gcccaggecg
gecgegecetge
gecegecegtge
aagtggcaca
ctggagttcg
gactgtctgg

cggttectgg

ccgggegtge
atcctgcgca
tgctgggaca
ggaaagaacg
ggeggtatgg
cgccatctge

gaggagctga

geggeggteg
cacgeggees

gcegeectgg

agcgctacgce
acctcgtcat
agcccgagac
gcgeggacgg
ggceceggacga
gccagtcgga

gecgeggegcet

gggegetgge
tgccgcaggg
tgaccacgac
cggtgegggc
ggcggacgge
gcgatctcege

ccgtggecga

cgtcggtccc
ggccegegggga
aactggcgceg
tcetgegttce
agcagcgctt
cccatgagtt

agatgggcaa

tctaccgggce
ccgtactgga
tccggcaggce
tgctcaccgt
gcaccctggg
tgctggeegg

ccgagetggg

cceggetcect

gtgtcgtcga

ccgecaaggc

cgacctggag
cgeeggetge
ggtgcgcaca
gctcgecegac
gceggtgegg
gcatccggag

gcteggegeg

gcegegectg
gccggaagge
cgagtcccceg
cgeggggctg
gctgggeagt
gceceggggac

gcegggegace

catcgtgttc
atcggtgctg
ccatctgggg
ccaaggcatc
cgcegegacce
cgtcgacgcec

gagcgacatc

gttcgacctg
cctgttcgag
ggagcacgcec
cccggeeggce
cgccegecectce
ccgacgeggce

cgegegggtce

gggggcegatc
cgatgccacc

cgacgccgcece
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10260
10320
10380
10440
10500
10560

10620

10680
10740
10800
10860
10920
10980

11040

11100
11160
11220
11280
11340
11400

11460

11520
11580
11640
11700
11760
11820

11880

11940
12000

12060
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tggcatctgc
gtcgegggtce
gacgcgcetceg

ctgtgggage

geceeggeteg
ctcggccacc
ggctcgtcega
ccceceegegg
ccggecgage
ggccegegacg

tccctgaccg

accaccctcg
gtgetgggeg
gaagcggcrge
ttgcaggccc
gcggegcagegc
ggcctcetect
<210> 71
<211> 16

<212> DN

acaccctcac
tgcteggctce
cccaccaccg

agaccagcgg

gcatcagccc
accgccccgt
ccgtgecegec
ccgeegecac
agcacgagat
atccggacac

cggtcgagcet

tcttcgacca
acggcgaage
tgtcecegggt
ttctectgaa
tggcgtcecge

ga

599
A

ccgecacgec
gceegggeag
gecgeggcetcet

catgaccggg

gctcacgacc
gctcegtecce
cctgtaccgg
cgggecegttc
getgceteteg
ggtccatcce

ccgcaaccgg

Cccccacgcecece
ggcgegggtg
ggacggggac
gtggaacgag

cacggcegece

<213> Artificial Sequence

<220><223>
<400> 71
atggacacgt
accctgeggg
gcgattgtgg
gagctggttg
ctggaggggt

gggtttttgt

gcgttggega

cgggegggta

gacgtggeeg
ggcaactacg
ggcctteegg

cacctggacc

gggcaggcgc
gceegecteg
ggeetggteg
ccectgeata
ctggtccgcet
ggcgegceact

ctcaacgccg

gacgaactcg
geeeeggtge
gatgcggtcc
tccgatggtce

gaggtgetgg

cgttegtect
ccgeggecaa
cggtgtcgcet

aggccgaccg

tcggeectttt
acgtgcccga
gatccaggac
ccegectegg
cccacgeege
tccgeggect

ccaccggcct

ccecgtcacgt
tggccgagcet
gggcgagggt
cggcgacggg

atttcatcag

cttctecteg
cgecttettg
ggegtggggg

cgeceeggctg

cgacgccgece
tccgeacccec
ccggeggaca
cggtcacgcec
cctegtgctg
gggcttcgac

ccggcetcetcec

Cccgggagcag
cgacaggctg
gacggeecgg
cggtgacggt

gaacgacctc

aveA3 gene of Streptomyces avermitilis MA-4680

ccagcgaaaa
cacgtaatga
ggatggegtg
cgtegggtgg
tgtttgattc

atgaggcggg

tggatccgca

tcgatccgct

gctcgtegac
gcaactggca
tcgttttecg
ggatgcgatt
ggaccctgac

ggagttcgat

gcageggttg

gtcgatgegt

gcgettaggg
gccegecatgg
ggtggggtgt
ggtgaatttc
cggtcgggga

gcggacttcet

ttgctggaga

ggctccegta

cgtctctgaa
aggcgtccag
gttcgeegga
cggeeggteg
cgtcgtacgce

tcgggatcag

cgtcgtggga

cgggtgtctt

ggcgaaccag
cgagccgatt
ggagttgtgg
ggggtgggat
gcggtatgge

tccgegtgag

ggcgttcgag

cgeceggggtg
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12120
12180
12240

12300

12360
12420
12480
12540
12600
12660

12720

12780
12840
12900
12960
13020

13032

60
120
180
240
300

360

420

480
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atgtaccacg
ggcaacggta
ggccectgeeg
tgccagtcgce

tcgacccecgce

tgcaagtcct
ttggtggage
ggcagtgcegg
caggagcggg
gtggtggagg
ctcgccacgt

aacatcggcc

ttgcgggagg
tggtcegegg
gggeggttge
attttggagg
gcteegggtce
ccggtggetg

aggtctgagg

ccggacgttt
catcgtgcgg
gcggegggtg
ggtgtcgtct
ctcgectcect
tgggtggact

cgggccgatg

cgttcctacg
gcgcatgtgt
cgggegetgg
gaggtggagce

ggcccceget

actacggatc
gecggegacge
tctcggtgga
tgeggteggg

acctcttcgt

tcgegggtgg
ggttgtegga
tcaatcagga
tgatccggca
ggcatgggac
acgggcageg

atgcgcaggc

gggtgttgce
gggeggtgeg
g8cggecgeg
aggcgeeggce
ttgccatttc
agtcggtgcec

ctgggttgcg

cgcttgecga
tcgtectgge
agccggatcg
tcgtgtttce
ctceggtgtt
ggtectgtggt

tggtccagcc

gtatcgaacc
gtggggegcet
ccgetgtgeg
agctcattgg

ccaccgcecgt

ccgeetgggt
cgtcgegtceg
cacggcatgt
tgagtgcacg

cgagttctca

agccgacggce
tgeggtgegg
cggtgcegtceg
ggegttggeg
gggcacgacg
ggccggtaac

tgccgcegggt

gcggacgttg
gctgctgacg
agtgtcgtcg
g8Cg8Legec
ggtggctgag
ggtgeeggtg

g8cgcragecyg

tgtgggtgceg
cgcggaccgt
gcgggtgacce
cggacagggt
cgceegegegg
ggacatcctg

tgtgctgttce

cgacgeggtc
gagcctgaag
g8gccegagec
tgagcggtgg

ctcgggggat

accatcccceg
ggccegegteg
tcgtegtcegt
ctcgegetgg

cgccagegeg

accggcatgg
ctggggcatc
aatgggttga
aacgceggggt
ctgggtgatc
aggccgcetgt

gtgggtgggg

catgtggatg
gaggeggtgce
ttcggggtca
tgtgttgccg
tcggtggeeg
ccggtgeegg

gaggcegttgce

ggtctggect
gaggagcetgg
acgggtcatg
gggcagtggg
atgcaggcegt
cgcecgggacg

agcgtcatgg

cttggccatt
gacgcggcega
ggcatggcect
gcggggeggt

gCcgagacesy

agggattcga
cctacacgct
tggtggcegcet
ccggeggtgt

gactgtcggt

gcgagggegt
gggtgcetgge
cggcgecgaa
tgtcegtggce
cgatcgaggc
ggctgggatce

tcatcaagat

agccgtcegec
cgtggeeggg
gtggcacgaa
ggggtggggt
ctccagtgge
ttcetgtgec

gtcagtacgt

gtgggcegggce
tgcaagggtt
cgeegggtgg
ccgggatggg
gCcgaggagegc
cgggggatgce

tgtctttgge

cccagggega
agactgttgc
cagtgccgct
tgtgggtgge

tggacgaggt

gggctacatc
cggtctcgag
gcatctggceg
gacggtgatg

ggacggccegce

cgggatgetg
ggtgctgege
tggtccggcet
ggatgtggat
gcaggegttg
ggtgaagtcg

ggtgatggeg

gcaggtggac
ggacgcggcea
tgcgcatgtg
gttggagggt
tgtgtctgceg
ggtgtcggct

ggcagtcecegg

tgtgctggag
gggggegcetg
tgaccggggc
tgtgcgtctg
tctggegeceg
ggtgtgggag

tgctctgtgg

gatcgcggcec
gctgegcage
gcctgeccag
ggcggtcaac

gctggegtac
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540
600
660
720

780

840
900
960
1020
1080
1140

1200

1260
1320
1380
1440
1500
1560

1620

1680
1740
1800
1860
1920
1980

2040

2100
2160
2220
2280

2340

ZIHSdl 10-2017-0035346



tgtgccggcea

catgtgcagc

tcecggegtge
gcegectact
ctggeggatg
gccatcgaag
cgcggegaca
atcggcacac

caccacctcg

acgggageag
gcaacagtcc
tcgcatccgt
ttcgtggage
actgtgcatg
geggetgegg

tgtggtgggg

gaggctgctg
ggtgeggteg
ttggggeegg
gaggtgtgtc
ttgctggatg
gaggeeaceg

caccggegcees

cgtgaggegg
cgtcttgagt
cggeggggtt
caggegtggg
gtggtgttge

gttgttggtg

ccggggtgceg

ccetgeggga

cgttecttcte
ggtaccgcaa
acggacaccg
acaccaccga
acgacacccg
ccaccacctg

acctccccac

gtgacgtcge
aactcgcaga
ggctgggega
tggcggtcca
cgecgetggt
atggggaggg

gtggtgcegtc

ctggtggtgg
cggtggatgt
tgttttcggg
tgccggagga
gtgtggtcca
ggttcgggga

gtgtgaccgg

tgtcggtcgt
tgcggectgt
cgctgtatgce
cgtggcacga
ggtgeecegga

gggtgttggg

ggceegacess

ggagttgetg

cacggtggag
cctgcaccag
cgtcttegte
agacaccgcc
ccgcettectce
gcaccaccac

ttatcccttce

cgctgetgge
cacggacggc
ttacgaggtg
ggttggegaa
ggttcctgtg
geggegtttg

gggtggggtg

tgtggtagtg
cgatggtgtc
gctgegtgeg
ggegtggggt
geegttgteg
gggtgttcgg

tgtgegggtyg

ggtcggggat
ggatatgggt
ggtgcagtgg
ggacgtgggt
tgceggtgec

tgtggtgcag

atcccggtcg

gagectgetgg

ggcacctgge
cctgteegtt
gaagtcagcc
gaagacgtca
accgeccteg
tacacccacc

caacgccage

ttggageegg
tgcctactga
gggggtgcgg
cgegtgggcet
ggtgggggtyg
gtgagtgtgt

tggacgtgtc

gatggtctgg
cgtgaccgtt
gtgtggegtg
gatgcggctg
gtgttgcttce
gtgcecggetg

cgtgtgtggg

gaggegggtg
cagttgcegtg
gctgaggtgg
gagagceggtg
ggtggeggceg

gggtggetgg

actatgcctc

gggacatcag

tggacaccac
tcagcgatgce
cccaccccac
ccgcgatcegg
cccacaccca
accacaccca

actactggct

ccgaacaccce
cgggtcgect
tcetgetgte
gcacccgaat
tgagtgtgca
atgegegggg

atgcctcggg

cgggggtgtg
tggctggggc
atggggggga
gttttgggct
cgggtgggac
tgtggggteg

ctgtagggcg

tgceggtggce
ctgtctcggt
gtcctgtgee
gtgggectgt
gtggeggtgg

ggctggageg

gcactgcccce

cccgceagceceg

aaccctggac
cgtccaggcec
cctegtceccc
cagcctcecege
caccaccggce
cccccacaac

cgacgctccc

tctgectegeg
gtcettgege
ggggteggceg
cgagcaactc
ggttggggtt
tgggagtgct

ggtgctggtt

geegeegegg
tggttgtgtt
tttgetgget
gcatccggceg
ggggtttggg
tgtgtcgett

888C88Cg8g

gtcggtcgat
ttcggcgggg
ggtgtgtggg
gcegggggtg
tgtgggtgag

gtttgegggt
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2400

2460

2520
2580
2640
2700
2760
2820

2880

2940
3000
3060
3120
3180
3240

3300

3360
3420
3480
3540
3600
3660

3720

3780
3840
3900
3960
4020

4080
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tecgeggetgg

gatgtggtgg
cggtttgtcee
gctggtgcetg
gegtgtggtg
cgacttgagt
gtgttgeegt

geggeggtgg

cggegtggtce
gcggaggtge
gagggtgttce
gatgcgacga
gatgccgctce
ttctectegg

geegetetgg

gcgtgggggc
cggcegceatca
gatgcggcecc
cceetgecege
accactaccg
cacgaacaac

ggccacacca

tccctcaccg
accaccctcg
cttctgggcet
gaccaggacg
tcagccgagg
acggaccgtg

tcgtacaccce

tggtggtgac

gtgeggeggt
tcctegacct
gtgectggtgc
agccgcagtt
cgtcegttga
ggttgtegeg

cgcggcatct

cggatgctcc
ggattgttgc
ctgeegggtg
tcgectcetcet
ttttgctgga
ccgeggggat

acgcgetggce

tgtgggaaga
tcegttecgg
tggctctgga
ccctgetgea
gtggtgcegga
agcacaccac

ccccecgacac

ccgtcgaact
ccttcgacca
cggacagcac
agccegtcege
agctgtggga
ggtgggacct

gctgtgggag

ccggggtgceg

gtgggggctg
cgacaccgac
tggttggggc
ggeggtgegt
tgtacctgct
tgggteggtg

ggctggtgtg

gggtgcggag
gtgtgatgtg
tccgetgacg
cacgcccgag
tgagctgacg
cctggggteg

gtaccggegg

ggccagegeg
tctgcatccc
ccggeeggte
ggacctectg
caacggcgcece
ccteetegec

catcccceccce

acgcaaccgg
ccccaacccce
tgcctcecatce
gatcattggc
actgctcgca

ggaagcactg

tttectetac

gtggtggeceg

gtgeggtcegg
accgacaccg
gtggatggtg
ggtgageggg
cagcggtccg
ttggtgacgg

tgtggggtge

ggtttgegeg
g88gagcggc
ggtgtcgtgc
cggctgggea
cggggtatgg
gcegggeagg

Cgg8gcgeces

atgaccgggc
atgtcgaccc
ctgctgececg
cccgecacce
cagctgcatg
ctggtccgcet

gaccgcecgegt

ctcteecgea
accaccctca
ccagctcccc
atggegtgcee
tcggggaggeg
ttcgatccgg

g4acgegsess

gCcaagaaga

cgcaggctga
gcaccgacct
ggcatgtgge
tgctggecge
gtgatgttge
gtgggacggg

gggatctgcet

cggagcetggce
gggaggtggt
atgeggetgg
cggtgttcgce
agctgtcggce
gcaactacgc

gtctgeeggg

acctggcecgg
cggacgcact
ccgacctgceg
gcegeegeac
cceggetgge
cccacatcgce

tccgegacct

ccaccggact
cccaccacct
gtgetgegge
gctatceegg
acacggtcgg
aaccgggtcg

agttcgacgc

cggececeggtg

gcatccggac
cgacaccggt
ggeggtggtg
acgcctgacg
tggtcgggag
tgtgctgggt

gttggtgagce

cgegttgggg
ccggetgcetg
tgtgctggac
ggccaaggtg
gttcgtgctg
cgcggcecaat

ggtgtcegetg

caccgaccac
ggctctette
tccegeececeg
cacccgcacce
cggccagaca
caccgtcctce

cggcttcgac

ccgectceccc
ccacacacaa
tgtgcctgca
aggcgtcacc
cgagtttccg
gcegggeacce

cggcttcette
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4140

4200
4260
4320
4380
4440
4500

4560

4620
4680
4740
4800
4860
4920

4980

5040
5100
5160
5220
5280
5340

5400

5460
5520
5580
5640
5700
5760

5820
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gggatcagtc
tcatgggagg
ggegtgtteg
gccgacaccg
tcgtacacgt
ttggtggctt

gcegggggtg

ggtctggeeg
ggtgagggtg
cgtgtcctgg
accgcgceeca
ttgtcggcecg
ccgatcgagg

ctgtggetgg

ggggtgatca
gatgagccgt
gtgcectgge
agcggcacca
acacccgecg
gaggctgcetg

gcectgegeg

ctcgecgacg
ctcatcgccg
ccccacceeg
ggaaagaccg
ctctaccaca
ccccaccteg

accaccctcg

ttcgecttee
tactacgccg

ctcaccgacg

cgcgtgaggce
ccatggagca
cgggcectcat
agggctatgt
ttggttttga
tacatctggc

tgacggtgat

cggacgggca
tggggatgct
ccgtggtgeg
acgggccctce
gtgatgtcga
cccaggcecct

gctcggtcaa

agatggtgat
cgccgecatgt
ccggegegegga
acgcccacgt
acgacgttcc
ccggcagtcc

cccaggecca

tcggatacac
ccgaccgega
ccgtcatcca
cattcatctg
cccacccecegt
accaccccect

aagaagcggce

aggtcgccct
gacactccct

ccaccaccct

actggcgatg
ggcaggtatt
tccgcaggcec
cctgaccggce
gggtectgeg
ctgtcaggceg

gtcgtcteceg

ttgcaaggcg
gctggtggag
tggcagtgceg
ccagcagcgt
tgcggtggag
ccttgegacc

gtccaatgtc

ggegetgegg
ggactggtcc
ggggeggcta
catcctcgaa
ggggggacca
aggggtgtgg

ggccctgeac

cctcgeccac
caccttcctg
cagcagcgcce
ctccggacag
cttcgeegec
ccteececte

cgcactgctc

ccaccgcectce
cggcgaaatc

catcacccaa

gacccgceagce
gaccctacga
tatggaccca
acatccggga
gtgtceggtgg
ttgegtgegg

ggtgectteg

ttcteggegg
cggcteteceg
gtcaaccagg
gtcatccgee
gcccacggea
tacgggcagg

ggtcacacac

aatggtctgc
gcgggtgcegg
cggcggegcag
gaagcacccg
cccgeeggeg
ccgtggetgg

gcccacctcea

gceegegeeg
caagcactcc
ccaggcgegga
ggcacccaac
gcactcaacg
ctcacccagg

cagcagacce

ctcaccgacg
accgcecegecce

cgcgecacce

agcgattgct
ccgtacgegg
ggctgcacga
gtgtggectce
acacggcttg
gtgagtgctc

tggagttttc

cggcggacgg
acgccegtceg
acggtgcgag
aggccctcege
ccggcaccac
accgtgcecgg

aggctgecgce

tgccgeggac
tgcagctgct
gagtgtcatc
cccacaacat
aggatgcegg
tgtcggccaa

ccgaccaccce

tgttcgacca
aggcactcgc
ccgggaccgg
gcceccggeat
acatctgcac
accccaacac

cgtacgccca

gctaccacat
acctcgecegg

tcatgcaaac

gctggaggece
gagccagaca
aaacgccgea
cggtcgtatc
ttcectegteg
gatggcgcett

gcggragegg

gaccggcetgg
caacggtcac
caacgggctg
caacgccggce
tttgggcgac
Cgagggeccg

gggegtcegcec

gttgcatgtg
gacggagacg
attcggcegtc
ccecgtcagac
tagtggcgag
gtcgcagecg

cggcectcegac

ccgegecacce
cgcaggcgaa
ggaggccgea
ggcecacgge
ccacctcgac
ccaggacacc

gcecegecectce

cacccccecac
catcctcacc

catgcccccc
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5880
5940
6000
6060
6120
6180

6240

6300
6360
6420
6480
6540
6600

6660

6720
6780
6840
6900
6960
7020

7080

7140
7200
7260
7320
7380
7440

7500

7560
7620

7680
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ggcaccatga
gaaaacgacc
ccccacaccg

ctcccecacca

cagcacaccce
ccacccgacce
atagccacca
cccgacaaca
ctcaccctca
accaccacca

acccacctcg

cagcceggtg
ggcgcecacat
cgcacgcatc
geettegegg
ctgacgctcc
attgcggcegce

ggcagtggtg

agccctgceca
gttggagcta
gcttatggec
gtcgaggcac
gcectgeteg
ccegtegtge

cgcgegtgcce

gacaccgggg
cagttgcgtg
gctgaggtgg
gagagceggtg
gatggceggceg

gggtggetgg

ccaccctceca
tcgccatcge
tccaacacat

accacgcctt

aaaccctcac
aactcctcac
ccacccaaac
ccctcaccac
cccacccceca
cctggcaccc

acctccccac

ccggcaacgt
tggaactggc
cctggetcege
aactggccct
acacaccgtt
cggacgagtc

gagccgatge

aggacgatga
cgectgtcga
tggcattcca
gtcttcecga
acgctgecct
cccatgtgtg

tgtcgacgct

tgeeggtgge
ctgtctcggt
gtcetgtgee
gtgggectgt
gtggeggteg

ggctggageg

caccacccecec
cgccatcaac
caccaccctce

ccactccccce

ctaccaccca
cceccactac
cctccaccaa
cctcacccac
ccaccacccce
ccaccactac

ctaccccttce

gtcagcagcc
Cgaaggggac
cggccatgceg
tcatgccgga
ggtcattcct
gggtegeege

gtcggccagt

cactgcctceg
cctgaacacg
agggttgcge
agaagtgtcg
tcagggcacc
gaacggtctg

tggagcgaca

gtcggtcgat
ttcggcgggg
ggtgtgtgeg
gcegggggtg
tgtgggtgag

gtttgegggt

caccacatca
acccccacct
tgccaacaac

cacaccaacc

ccccacacce
tggacccaac
cacggcgtca
cacaacctcc
caaacccacc
acccaccacc

caacaccacc

ggactcgacc
ggctgectac
gtaggeggtg
gaaagtgtgg
gaggtcggag
atgatgacca

gegtggacge

tacgagctgc
gcttacgatce
gcggeetgge
ggagacgcgg
ggectgettt
cggttccgta

g888cgsccyg

cgtcttgagt
cggeggggtt
caggegtggg
gtggtgttgc
gttgttggtg

tcgeggetgg

cccaccacat
ccctegtcat
aaggcatcaa

ccatcctcaa

ccctceatcac
aagcccgcaa
ccacctacat
ccaacacccce
tcctcaccaa
acaaccaacc

actactggct

ccaccgaaca
tgacggggcg
tcgtgetgcet
gttgcgacca
acgtgaccct
tccactcacg

gtcatgecge

ttgcgggacce
aaatggccga
gctacggega
cggegtacgg
ctgtggeggg
cgcatggtgce

tgtgcgtgcg

tgcggecetgt
cgctgtatgce
cgtggcacga
ggtgeecegga
gggtgttggg

tggtggtgac

caccgceccac
cagcggcacc
aaccaaaacc

ccaactccac

cgccaacacce
caccgtcgac
cgaactcgga
caccaccacc
cctcgcecaaa
ccacacccac

cgaaagcaca

cceectacte
cctectegttg
gcegggtacg
cgtggacgag
tcaggttgcc
cggtgagggc

gggtgtgetg

ctggcectccc
cgeeggettt
cgacatcctc
tctgcacccg
tccggggacg
agtctccgtg

catcaccgac

ggatatgggt
ggtgcagtgg
ggacgtgggt
tgceggtgcece
tgtggtgcag

ccggggtgcg
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7740
7800
7860

7920

7980
8040
8100
8160
8220
8280

8340

8400
8460
8520
8580
8640
8700

8760

8820
8880
8940
9000
9060
9120

9180

9240
9300
9360
9420
9480

9540
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gtggtggeceg

gtgeggtcegg
ctcgacagcg
ggtgggegtg
cgggtgetgg
gtgttgecegt
gcggeggtgg

cggegtggtce

gcggaggtgce
gagggtgttc
gatgcgacga
gatgccgctce
ttctectegg
geegetetgg

gegtggggge

cggcegceatca
gatgcggcecc
cceetgecege
accactaccg
cacgaacaac
ggccacaacg

tccttgacag

accagtctgg
ctgatgggcg
gcggatgagce
ccggaggagt
ggtcgggggt
tacgcgeggt

atcagtccgc

gccecggagga

cgcaggctga
gcgctgacge
tggetgeggt
ccgcacgcect
ggttgtegeg
cgcggceatct

cggatgctcc

ggattgttgce
ctgeegggtg
tcgectcetcet
ttttgctgga
ccgeggggat
acgcgetggce

tgtgggaaga

tcegttecgg
tggctctgga
ccctgetgea
gtggtgcegga
agcacaccac
cgccggagat

cggtggaact

tcttcgacca
acgacgcgga
cgattgcgat
tgtgggagcet
gggatctgga
atggegggtt

gtgaggegtt

cggececggtg

gcatccggac
cgatgccggce
ggtggegtgt
gacacgactt
tgggteggtg
ggctggtgtg

gggtgeggag

gtgtgatgtg
tccgetgacg
cacgcccgag
tgagctgacg
cctggggteg
gtaccggegg

ggccagegss

tctgcatccc
ccggeeggte
ggacctcctg
caacggcgcece
ccteetegec
gatcccegtt

ccgtaaccgce

gccgaatgcea
aggcgagacg
tgtggggatg
ggttgegteg
ggggttgttt
tttgtatgag

ggcgatggat

gatgtggtgg

cggtttgtcee
aacgaggccg
ggtgageege
gagtcgeegg
ttggtgacgg
tgtggggtgc

ggtttgeggg

g88gagcggc
ggtgtcgtgce
cggcetgggea
cggggtatgg
gcegggeagg
€gggcrgeces

atgaccgggc

atgtcgaccc
ctgctgececg
cccgecacce
cagctgcatg
ctggtccgcet
gactcggegt

ctgggtgagg

gcgaccctgg
ccatcgcagg
gegtgtegtt
ggtggggatg
gattcggacc
gcgggggagt

ccgcagcagce

gtgcggeggt

tcctegacct
gtatggggtce
agttggeggt
ttgatgtatc
gtgggacggg
gggatctgtt

cggagctgge

gggaggtggt
atgeggetgg
cggtgttcge
agctgtcggce
gcaactacgc
gtctgeeggg

acctggcecgg

cggacgcact
ccgacctgeg
gcegeegeac
cceggetgge
cccacatcgce
tccgegacct

caacgggact

cgcgtcacct
tcgcacttca
ttcegggteg
cgattggtga
ctgaccggtc
tcgatgcgga

ggttgttgcet

gtgggggctg

ggacaccgac
tggtctggat
gegtggtgag
gggtcegggag
tgtgctgggt
gttggtgagce

cgegttgggg

ccggetgcetg
tgtgctggac
ggccaaggtg
gttcgtgctg
cgcggcecaat
ggtgtegetg

caccgaccac

ggctctette
tccegeececeg
cacccgceacc
cggccagaca
caccgtcctc
aggcttcgac

gcgactgecg

acgtcgtgag
tcaggttgcc
ggtgtgttceg
atttccggcec
ggggacgtceg
cttcttcggg

ggagacgtcg
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9600

9660
9720
9780
9840
9900
9960

10020

10080
10140
10200
10260
10320
10380

10440

10500
10560
10620
10680
10740
10800

10860

10920
10980
11040
11100
11160
11220

11280
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tgggaggegt
gtcttegeeg
ttcgaaggcec
agctttggcec
gegttgeatt
ggtgtgacgg

geegeggacg

ggtgtgggga
ctggeegtgg
cccaacgggce
ccggecgatg
gaggcccagg
ctgggatcce

atcaagatgg

cccacccece
tggceegecg
ggcaccaacg
ggtggggtgt
ccggtgeegg
ttgcgccagt

gceegeggcece

ctggegeagg
cacacccggg
tgggccggga
gcatgcgaga
gaccccgacg
atggtctccc

cactcccagg

gccaaaaccg
gtctcactge

cagttgtggg

tcgageggge
gggtgatgta
tcatcgccaa
ttgagggtcce
gggeggcegea
tgatgtcgtc

ggcggtgcaa

tgctgetggt
tgegtggeag
cctceccagcea
tcgacgcagt
cactcctggce
tcaaatccaa

tgatggccct

aggtcgactg
acccggeegg
cccatgtgat
cggtgggtgc
tgeceggtgte
acgtggcagc

gggccgtact

cactgacagc
gcagtgaccg
tgggcectgac
aagccctcac
accccgcatg
tcgccegecect

gagaaatcgc

ttgcactgcg
ccetgececege

tggcagccect

gggtatcgat
ccacgactac
cggcagcgea
ggccegtgacce
ggegttgegt
tccgggtacg

ggcctattceg

ggageggcte
tgcggtcaac
gegtgtcatce
ggagggccac
cgcctacgga
catcgggcac

gcgcaacgsg

gtccacaggce
ccggecacgce
tttggaggag
tccgaatcca
ggcgaggtct
ccgececggac

ggaacaccgc

cctggcagcec
cggeggegtce
cctgctcacc
ccectgggtg
gcaacaagcc
gtggegcetcece

cgcegeccac

cagccaggca

ccaggacgtg

caacggccce

ccgetgtcga
gcegegegte
ggcagegtceg
gtcgatacgg
gcgggtgagt
tttgtggagt

geggetgetg

tccgacgcecc
caggacggtg
cgtcaggccc
ggcaccggga
caacaccgcc
gcacaggccg

ctgctgccac

gcagtacaac
cacgceggeg
gegeetgegg
gcectteegg
gaggcegggt
atgtcacctg

gcegtceatcece

ggcgaacccece
gtcttegtcet
tcctcacccg
ccetggtecc
gacgtggtcc
tacggcatcg

atctgcggceg

ctggeegecg
cagcagctca

cactccacca

tgegtggcete
tccaccatgt
cgaccggeeg
cgtgttcgte
gttcgatgge
tctcacgtca

acggtaccgg

gtcgcaacgg
cgagcaacgg
tggccaatgc
ccactctggg
cccaccaccg
ccgegggegt

agaccctcca

tcctgacaca
tgtcatcatt
€ggcrgegeces
tggctgagtce
tgegggegea
ccgacatcgg

tggccgegga

acccccacat
tcceeggaca
tgttcgecga
tgaccgacat
agccegtgct
aacccgacgce

cactcagcct

tacgaggccg
tttccgaacg

ccgtetecgg

ccgtacgggt
ccccgagggt
ggtggcectac
gtegttggtg
gcttgeeggg
gcggggtcetg

ctgggccgag

tcaccgtgtc
tctgaccgeg
gggactgacc
ggacccgatc
ccecttgtgg
gggeggagtce

cgtggacgag

accggtgccc
cggcegtcagce
tgctgecggt
tgagceggtg
ggcacaggcg
tgegggtetg

ccgegaggaa

caccacaggc
gggcggcecag
acacatcgac
cctgcaccgce
cttcagcatc
ggtcctegge

gaaagacgcc

gggegecatg
gtgggaaggg

cgacaccacc
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11340
11400
11460
11520
11580
11640

11700

11760
11820
11880
11940
12000
12060

12120

12180
12240
12300
12360
12420
12480

12540

12600
12660
12720
12780
12840
12900

12960

13020
13080

13140
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gcagtagaag
gtcgactacg
ctgggagaca

ctggtctggt

gtccgcettcea
atcagtcccc
aacatcaccg
gcectegece
acccaaaccce
caccagcact

accccececaccee

ctactcaccg
ggtaccactc
gaccacctcg
gacgttcagg
tcgcgaageg
ggaaccaaga

ccagcgggcg

gcaaatggct
gacgaggtgt
aacctgcacc
agtctgccgce
gegtegtcegt
tccgtgetgg

cgecegttgg

ttcgacatga
gtggtgcetgg
ggggtggteg
gtgggtgagg
tttgcgggtt

ggceeggtgg

aactcctcac
cctceccactg
tcacccccca

acaccacaac

gccacgcecat
accccaccct
cgaccggcag
acacccacac
acccccacce
actggctcca

accaccccect

gcegectcete
ttgtgccagg
aagaactcgc
tgcacatcaa
agaacgcccce
cctcgegcat

cagttcgctg

ttgtctatgg
ttgccgaggt
cggcactgct
agggatccgt
tgcgegtgcg
tcacggatga

cggcggacga

agtgggttga
atggtgccga
tgttgcggtg
ttgttggtag
cgeggetggt

atggcccggt

ccactgtgcc
cceccacgtce
gcegtcecacce

cctggacgcec

ccagaccctg
cgtceecegec
ccteegecege
caccggcatt
ccacaaccac
accacccacc

cctcaccgca

cctacgcacc
aaccgccctce
cctccacacg
tccaccggac
cgcageggcet
tgagacaggc

tgctgatgag

ccecegeattce
tcgecttceca
ggatgctgcce
accgttctcc
actctcgcecg
caccggtacg

attgcgagct

ggtgceectca
cgacctcgtt
ccecggatgec
ggtgttgggt
ggtggtgacc

ggatgtggtg

gacaccggcc
caacccctcece
atgccgttct

gcctactggt

accgacgacg
atcgaagaca
ggcgacaacg
cggacaccca
cacctcgacc
acgacaaccg

acactcaccc

cacccectgge
ctcgaactcg
cctctegtca
gacaccgaca
ccectggegtce
cgtagccacg

gaattggcag

cgggggetga
gaacaggtgc
ttgcacgcag
ttcaccggtg
gccgatcecga
ccegtggegt

gccgagegeg

gatgtactgg
ggtctggegg
ggtgecegatg
gtggtgcagg
cggggtgcegg

ggtgcggegg

tacgggccaa
acgacgaact
tctccaccgt

accgcaacct

gacaccgccce
ccaccgaaaa
acacccaccg
ccacctggca
tgcccaccta
acctcaccac

tcgccaacaa

tcaccgacca
ccctecaage
tcceecgtga
ctcgttcact
atcacgccac
atgatctgtc

ccttgtatgg

ctgctgectg
acggcegaggc
cggectttge
tgacgctgca
acagcggcca
ccgtcgaggce

ccgtacagceg

tgtcgggegg
ctgaggagga
gcggeggtgg
ggtggcetggg
tggtggeegg

tgtgggggct

acgcatcccc
cctgcacctg

cgtagggcac

ccaccagccce

cttcatcgaa
caccaccgaa
cttcctcacc
ccaccactac
ccecttecaa
caccggcectc

caacacacaa

caccgtcgtc
aaccacgacc
gggtgeegte
gacgatctac
ggcegttetg
gatgtggceeg

cgactacgag

gegtetggga
atccgecgtac
gcegteggge
cgccgecaat
cgccgeagtt
gttggeggtg

cgctgagcetce

ggcatcggtg
tggtgtgecg
tggcggtggt
gctggagegg
cccggaggac

ggtgeggtceg
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13200
13260
13320

13380

13440
13500
13560
13620
13680
13740

13800

13860
13920
13980
14040
14100
14160
14220

14280
14340
14400
14460
14520
14580

14640

14700
14760
14820
14880
14940

15000
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gcgcaggetg

ggcgcetgacce
gtggetgegg
gccgceacgcece
tggttgtegg
gcgceggceatce
ccggatgctce

cggattgttg

cctgeegggt
atcgcctctce
cttttgctgg
gcegegaggega
gacgegetgg
ctgtgggaag

atccgttccg

ctggetetgg
cceetgetge
ggtggtgcgg
cagcacacca
acccccgaca
gccegtcegaac

gccettegacce

aagggactca
ctgctctcgg
gceeegetgg
aagttgaacg

gctctcatceg

<210> 72

agcatccgga

gcgatgeegg
tggtggegtg
tgacacgact
gtgggtceggt
tggetggtgt
cgggtgegga

cgtgtgatgt

gtccgetgac
tcacgcccga
atgagctgac
tcetggggte
cgtaccggceg
aggccagegg

gtctgcatcce

accggeeggt
aggacctcct
acaacggegce
ccetectege
ccatcccece
tacgcaaccg

accccaaccce

ccgeegeggce
agctcgagceg
acgacggegce
gcgacgacac

acagggaagt

<211> 5532

<212> PRT

ccggtttgte

caacgaggcc
tggtgageceg
tgagtcgccg
gttggtgacg
gtgtggggtg
gggtttgegg

88888agcgg

gggtgtcegtg
geggetggge
gcggggtatg
ggcegggeag
8€gg8cgecyg
gatgaccggg

catgtcgacc

cctgetgecc
gccegecacce
ccagctgcac
cctggtceege
cgaccgcegeg
gctcteecac

caccaccctce

cgagccggac
gctggaggeg
gcgcacgegg
cgcececcgac

cggattcgaa

<213> Artificial Sequence

ctcctegacc

ggtatggggt
cagttggegg
gttgatgtat
ggtgggacgg
cgggatctgt
gcggagetgg

cgggaggtgg

catgcggctg
acggtgttcg
gagctgtcgg
ggcaactacg
ggtctgeegg
catctggecg

ccggacgeac

gccegacctge
cgcegecgea
ggeeggetgg
tcccacatcg
ttccgegacc
accaccggac

acccaccacc

gccgeaacga
gtagtgctct
ctggcectccc
ctcgcagaga

tctcaatga

tggacaccga

ctggtctgga
tgegtggtga
cgggtcggga
gtgtgctggg
tgttggtgag
ccgegttggg

tcecggetgct

gtgtgctgga
cggccaaggt
cgttegtgct
ccgeggecaa
gggtgtcget
gcaccgacca

tggcectcett

gtceegececce
ccacccgcac
ccggcecagac
ccaccgtcct
tcggettcga
tcecgectcecc

tccacacaca

caccceeggg
cctccaccac
gactgcattc

catcggacga

cctcgacagc

tggtgggegt
gcgggtgcetg
ggtgttgcecg
tgeggeggtg
ccggegtggt
ggcggaggtg

ggagggtgtt

cgatgcgacg
ggatgccegcet
gttctecteg
tgccgetcetg
ggcgtgggeg
ccggcegceatc

cgatgcggcec

gcecectgeeg
caccactacc
acacgaacaa
gggccacacc
ctccectcacce
caccaccctce

actcgtcagc

gctgececteg
atcctccget
cctcgeccag

ggagatgttc
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15060

15120
15180
15240
15300
15360
15420

15480

15540
15600
15660
15720
15780
15840

15900

15960
16020
16080
16140
16200
16260

16320

16380
16440
16500
16560

16599

ZIHSd 10-2017-0035346



<220><223>

<400> 72
Met Asp Thr Ser
1
Lys Ala Asn Gln
20
Met Glu Ala Ser
35
Phe Pro Gly Gly
50

Ser Gly Gly Asp

65

Leu Glu Gly Leu

Ala Arg Tyr

Phe Phe Gly
115
Arg Leu Leu Leu

130

Asp Pro Leu Ser
145

Met Tyr His Asp
Glu Gly Tyr

Val Ala Tyr
195

Ala Cys Ser Ser

210

Arg Ser Gly Glu

type I polyketide

Ser Glu Lys Leu
5
Thr Leu Arg Ala
Ser Glu Pro
40
Val Cys Ser Pro
55

Ile Gly Glu

70

Phe Asp Ser Asp

Phe Leu Tyr

Ser Pro Arg Glu
120
Thr Ser Trp

135

Met Arg Gly Ser
150

Tyr Gly Ser Arg
165

Asn Gly Ser

Gly Leu Glu
200
Leu Val

Ser Ala

215

Cys Thr Leu Ala

synthase AVES 3

Val Asp Ala Leu
10
Arg Asn Glu Gln
25

Ala Ile Val Gly

Glu Glu Leu Trp
60

Phe Pro Ala Gly

75
Pro Asp Arg Ser
90
Glu Ala Gly Glu
105

Ala Leu Ala Met

Glu Ala Phe Glu
140

Arg Thr Gly Val
155
Leu Gly Thr Ile
170
Gly Gly Ala Val
185

Gly Pro Ala Val

Leu His Leu Ala

220

Leu Ala Gly Gly

(BAAB4478.1)

Arg Ala Ser Leu
15
Leu Ala Ala Ala
30
Met Ala Cys Arg
45

Glu Leu Val Ala

Arg Gly Trp Asp

80
Gly Thr Ser Tyr
95
Phe Asp Ala Asp
110
Asp Pro Gln Gln
125

Arg Ala Gly Ile

Phe Ala Gly Val
160

Pro Glu Gly Phe

175
Ala Ser Gly Arg
190
Ser Val Asp Thr
205

Cys Gln Ser Leu

Val Thr Val Met
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225

Ser

Val

Met

Val

Asn

305

Asp

385

Leu

Pro

Val

Ser

Ala

465

Ala

Thr Pro His Leu

245

Asp Gly Arg Cys
260

Gly Glu Gly Val

275

Arg Leu Gly His
290

Gln Asp Gly Ala

Glu Arg Val Ile

325

Asp Val Asp Val
340

Pro Ile Glu Ala

355
Asn Arg Pro Leu
370

Gln Ala Ala Ala

Arg Glu Gly Val

405

GIn Val Asp Trp
420

Pro Trp Pro Gly
435

Ser Phe Gly Val

450

Pro Ala Ala Gly

Pro Gly Leu Ala

230

Phe

Lys

Gly

Arg

Ser

310

Arg

Val

Trp

Gly

390

Leu

Ser

Asp

Ser

Gly

470

Ile

Val Glu Phe Ser

250

Ser Phe Ala Gly
265

Met Leu Leu Val

280

Val Leu Ala Val
295

Asn Gly Leu Thr

GIn Ala Leu Ala

330

Glu Gly His Gly
345

Ala Leu Leu Ala

360
Leu Gly Ser Val
375

Val Gly Gly Val

Pro Arg Thr Leu
410
Ala Gly Ala Val

425

Ala Ala Gly Arg
440

Gly Thr Asn Ala

455

Cys Val Ala Gly

Ser Val Ala Glu

235

Arg Gln Arg

Gly Ala Asp

Glu Arg Leu

285

Leu Arg Gly
300

Ala Pro Asn

315

Asn Ala Gly

Thr Gly Thr

Thr Tyr Gly

365
Lys Ser Asn
380
Ile Lys Met
395

His Val Asp

Arg Leu Leu

Leu Arg Arg
445
His Val Ile
460
Gly Gly Val
475

Ser Val Ala

240
Gly Leu Ser
255
Gly Thr Gly
270

Ser Asp Ala

Ser Ala Val

Gly Pro Ala
320
Leu Ser Val
335
Thr Leu Gly
350

Gln Arg Ala

[le Gly His

Val Met Ala
400
Glu Pro Ser
415
Thr Glu Ala
430

Ala Gly Val

Leu Glu Glu

Leu Glu Gly

480

Ala Pro Val

- 140 -

ZIHSdl 10-2017-0035346



Ala Val

Pro Val

GIn Ala

530
Leu Ala
545

His Arg

Leu Gly

His Ala

Gln Gly

610
Pro Val
625

Trp Val

Ala Val

Met Val

Ala Val

690

Gly Ala

705

Arg Ala

Ser

Pro

515

Asp

Pro

595

Gly

Phe

Asp

Trp

Ser

675

Leu

Leu

Leu

485

Ala Pro Val

500

Val Pro Val

Ala Leu Arg

Val Gly Ala
550
Val Val Leu

565

Leu Ala Ala
580

Gly Gly Asp

GIn Trp Ala

Ala Arg Arg
630

Trp Ser Val

645
Glu Arg Ala
660

Leu Ala Ala

Gly His Ser

Ser Leu Lys

710

Ala Ala Val

725

Ala Glu Ser

505
Ser Ala Arg
520
Gln Tyr Val
535

Gly Leu Ala

Ala Ala Asp

Gly Glu Pro

585

Arg Gly Gly

600

Gly Met Gly
615

Met Gln Ala

Val Asp

Asp Val Val

665

Leu Trp Arg
630

Gln Gly Glu

695

Asp Ala Ala

Arg Gly Arg

490

Val

Ser

Cys

Arg

570

Asp

Val

Val

Cys

Leu

650

Ser

Lys

Gly

730

Pro Val Pro

Glu Ala Gly
525
Val Arg Pro
540
Gly Arg Ala
555

Glu Glu Leu

Arg Arg Val

Val Phe Val
605
Arg Leu Leu
620
Glu Glu Ala
635

Arg Arg Asp

Pro Val Leu

Tyr Gly Ile

685

Ala Ala Ala
700

Thr Val Ala

715

Gly Met Ala

Val

510

Leu

Asp

Val

Val

Thr
590

Phe

Leu

Phe

670

His

Leu

Ser
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495

Pro Val

Arg Ala
Val

Ser

Leu Glu

575

Thr Gly

Pro Gly

Ser

Ser

Ala Pro

640

Gly Asp

655

Ser Val

Pro Asp

Val

Cys

Arg Ser

720

Val Pro

735
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Leu Pro Ala Gln Glu Val
740
Arg Leu Trp Val Ala Ala
755
Gly Asp Ala Glu Ala Val
770

Gly Val Arg Ala Arg Arg

785 790
His Val Gln Pro Leu Arg
805
Ser Pro Gln Pro Ser Gly
820
Trp Leu Asp Thr Thr Thr
835

His Gln Pro Val Arg Phe

Gly His Arg Val Phe Val
865 870
Ala Ile Glu Asp Thr Thr
885
Gly Ser Leu Arg Arg Gly
900
Leu Ala His Thr His Thr
915

His His Tyr Thr His His

930
Leu Pro Thr Tyr Pro Phe
945 950
Thr Gly Ala Gly Asp Val
965
Pro Leu Leu Ala Ala Thr

980

Glu

Val

Asp

775

Val

Leu

Ser

855

Asp

Thr

His

935

Ala

Val

GIn Leu

745
Asn Gly
760

Glu Val

Pro Val

Glu Leu

Pro Phe

825
Asp Ala
840

Asp Ala

Val Ser

Asp Thr

Asn Asp

905

Gly Ile

920

Thr His

Arg Gln

Ala Ala

GIn Leu

985

Ile Gly Glu Arg Trp Ala Gly

Pro Arg

Leu Ala

Asp Tyr

795
Leu Glu
810

Phe Ser

Ala Tyr

Val Gln

Pro His

875

890

Thr Arg

Gly Thr

Pro His

His Tyr

955
Gly Leu
970

Ala Asp

Ser Thr

765
Tyr Cys
780

Ala Ser

Leu Leu

Thr Val

Trp Tyr

845

Ala Leu

860

Pro Thr

Asp Val

Arg Phe

Pro Thr

925

Asn His

940

Trp Leu

Glu Pro

Thr Asp

750

Ala

His

830

Arg

Leu

Thr

Leu

910

Thr

His

Asp

Ala

Gly
990
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Val

Cys

Asp

815

Asn

Asp

Val

895

Thr

Trp

Leu

Glu
975

Cys

Ser

Thr

Pro

800

Thr

Leu

Asp

Pro

880

His

Asp

Pro
960

His

Leu
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Leu Thr Gly Arg Leu Ser Leu Arg Ser His Pro Trp Leu Gly Asp Tyr

995 1000 1005

Glu Val Gly Gly Ala Val Leu Leu Ser Gly Ser Ala Phe Val Glu Leu
1010 1015 1020
Ala Val Gln Val Gly Glu Arg Val Gly Cys Thr Arg Ile Glu Gln Leu
1025 1030 1035 1040
Thr Val His Ala Pro Leu Val Val Pro Val Gly Gly Gly Val Ser Val
1045 1050 1055
Gln Val Gly Val Ala Ala Ala Asp Gly Glu Gly Arg Arg Leu Val Ser
1060 1065 1070

Val Tyr Ala Arg Gly Gly Ser Ala Cys Gly Gly Gly Gly Ala Ser Gly

1075 1080 1085
Gly Val Trp Thr Cys His Ala Ser Gly Val Leu Val Glu Ala Ala Ala
1090 1095 1100
Gly Gly Gly Val Val Val Asp Gly Leu Ala Gly Val Trp Pro Pro Arg
1105 1110 1115 1120
Gly Ala Val Ala Val Asp Val Asp Gly Val Arg Asp Arg Leu Ala Gly
1125 1130 1135
Ala Gly Cys Val Leu Gly Pro Val Phe Ser Gly Leu Arg Ala Val Trp

1140 1145 1150

Arg Asp Gly Gly Asp Leu Leu Ala Glu Val Cys Leu Pro Glu Glu Ala
1155 1160 1165
Trp Gly Asp Ala Ala Gly Phe Gly Leu His Pro Ala Leu Leu Asp Gly
1170 1175 1180
Val Val GIn Pro Leu Ser Val Leu Leu Pro Gly Gly Thr Gly Phe Gly
1185 1190 1195 1200
Glu Gly Ala Gly Phe Gly Glu Gly Val Arg Val Pro Ala Val Trp Gly
1205 1210 1215

Gly Val Ser Leu His Arg Ala Gly Val Thr Gly Val Arg Val Arg Val

1220 1225 1230

Trp Ala Val Gly Arg Gly Gly Gly Arg Glu Ala Val Ser Val Val Val
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1235 1240 1245
Gly Asp Glu Ala Gly Val Pro Val Ala Ser Val Asp Arg Leu Glu Leu
1250 1255 1260
Arg Pro Val Asp Met Gly Gln Leu Arg Ala Val Ser Val Ser Ala Gly
1265 1270 1275 1280
Arg Arg Gly Ser Leu Tyr Ala Val Gln Trp Ala Glu Val Gly Pro Val

1285 1290 1295

Pro Val Cys Gly GIn Ala Trp Ala Trp His Glu Asp Val Gly Glu Ser
1300 1305 1310
Gly Gly Gly Pro Val Pro Gly Val Val Val Leu Arg Cys Pro Asp Ala
1315 1320 1325
Gly Ala Gly Gly Gly Gly Gly Gly Gly Val Gly Glu Val Val Gly Gly
1330 1335 1340
Val Leu Gly Val Val Gln Gly Trp Leu Gly Leu Glu Arg Phe Ala Gly
1345 1350 1355 1360

Ser Arg Leu Val Val Val Thr Arg Gly Ala Val Val Ala Gly Gln Glu

1365 1370 1375
Asp Gly Pro Val Asp Val Val Gly Ala Ala Val Trp Gly Leu Val Arg
1380 1385 1390
Ser Ala GIn Ala Glu His Pro Asp Arg Phe Val Leu Leu Asp Leu Asp
1395 1400 1405
Thr Asp Thr Asp Thr Gly Thr Asp Leu Asp Thr Gly Ala Gly Ala Gly
1410 1415 1420
Ala Gly Ala Gly Trp Gly Val Asp Gly Gly His Val Ala Ala Val Val

1425 1430 1435 1440

Ala Cys Gly Glu Pro Gln Leu Ala Val Arg Gly Glu Arg Val Leu Ala
1445 1450 1455
Ala Arg Leu Thr Arg Leu Glu Ser Ser Val Asp Val Pro Ala Gln Arg
1460 1465 1470
Ser Gly Asp Val Ala Gly Arg Glu Val Leu Pro Trp Leu Ser Gly Gly
1475 1480 1485

Ser Val Leu Val Thr Gly Gly Thr Gly Val Leu Gly Ala Ala Val Ala
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1490 1495 1500

Arg His Leu Ala Gly Val Cys Gly Val Arg Asp Leu Leu Leu Val Ser

1505 1510 1515 1520
Arg Arg Gly Pro Asp Ala Pro Gly Ala Glu Gly Leu Arg Ala Glu Leu
1525 1530 1535
Ala Ala Leu Gly Ala Glu Val Arg Ile Val Ala Cys Asp Val Gly Glu
1540 1545 1550
Arg Arg Glu Val Val Arg Leu Leu Glu Gly Val Pro Ala Gly Cys Pro
1555 1560 1565
Leu Thr Gly Val Val His Ala Ala Gly Val Leu Asp Asp Ala Thr Ile

1570 1575 1580

Ala Ser Leu Thr Pro Glu Arg Leu Gly Thr Val Phe Ala Ala Lys Val
1585 1590 1595 1600
Asp Ala Ala Leu Leu Leu Asp Glu Leu Thr Arg Gly Met Glu Leu Ser
1605 1610 1615
Ala Phe Val Leu Phe Ser Ser Ala Ala Gly Ile Leu Gly Ser Ala Gly
1620 1625 1630
GIn Gly Asn Tyr Ala Ala Ala Asn Ala Ala Leu Asp Ala Leu Ala Tyr
1635 1640 1645

Arg Arg Arg Ala Ala Gly Leu Pro Gly Val Ser Leu Ala Trp Gly Leu

1650 1655 1660
Trp Glu Glu Ala Ser Gly Met Thr Gly His Leu Ala Gly Thr Asp His
1665 1670 1675 1680
Arg Arg Ile Ile Arg Ser Gly Leu His Pro Met Ser Thr Pro Asp Ala
1685 1690 1695
Leu Ala Leu Phe Asp Ala Ala Leu Ala Leu Asp Arg Pro Val Leu Leu
1700 1705 1710
Pro Ala Asp Leu Arg Pro Ala Pro Pro Leu Pro Pro Leu Leu Gln Asp

1715 1720 1725

Leu Leu Pro Ala Thr Arg Arg Arg Thr Thr Arg Thr Thr Thr Thr Gly

1730 1735 1740
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Gly Ala Asp Asn Gly Ala Gln Leu His Ala Arg Leu Ala Gly Gln Thr
1745 1750 1755 1760
His Glu Gln Gln His Thr Thr Leu Leu Ala Leu Val Arg Ser His Ile
1765 1770 1775
Ala Thr Val Leu Gly His Thr Thr Pro Asp Thr Ile Pro Pro Asp Arg
1780 1785 1790

Ala Phe Arg Asp Leu Gly Phe Asp Ser Leu Thr Ala Val Glu Leu Arg

1795 1800 1805
Asn Arg Leu Ser Arg Thr Thr Gly Leu Arg Leu Pro Thr Thr Leu Ala
1810 1815 1820
Phe Asp His Pro Asn Pro Thr Thr Leu Thr His His Leu His Thr Gln
1825 1830 1835 1840
Leu Leu Gly Ser Asp Ser Thr Ala Ser Ile Pro Ala Pro Arg Ala Ala
1845 1850 1855
Ala Val Pro Ala Asp Gln Asp Glu Pro Val Ala Ile Ile Gly Met Ala

1860 1865 1870

Cys Arg Tyr Pro Gly Gly Val Thr Ser Ala Glu Glu Leu Trp Glu Leu
1875 1880 1885
Leu Ala Ser Gly Arg Asp Thr Val Gly Glu Phe Pro Thr Asp Arg Gly
1890 1895 1900
Trp Asp Leu Glu Ala Leu Phe Asp Pro Glu Pro Gly Arg Pro Gly Thr
1905 1910 1915 1920
Ser Tyr Thr Arg Cys Gly Ser Phe Leu Tyr Asp Ala Gly Glu Phe Asp
1925 1930 1935

Ala Gly Phe Phe Gly Ile Ser Pro Arg Glu Ala Leu Ala Met Asp Pro

1940 1945 1950
GIn Gln Arg Leu Leu Leu Glu Ala Ser Trp Glu Ala Met Glu Gln Ala
1955 1960 1965
Gly Ile Asp Pro Thr Thr Val Arg Gly Ser Gln Thr Gly Val Phe Ala
1970 1975 1980
Gly Leu Ile Pro Gln Ala Tyr Gly Pro Arg Leu His Glu Asn Ala Ala

1985 1990 1995 2000

- 146 -

ZIHSdl 10-2017-0035346



Ala Asp Thr Glu Gly Tyr Val Leu Thr Gly Thr Ser Gly Ser Val Ala

2005 2010 2015

Ser Gly Arg Ile Ser Tyr Thr Phe Gly Phe Glu Gly Pro Ala Val Ser
2020 2025 2030
Val Asp Thr Ala Cys Ser Ser Ser Leu Val Ala Leu His Leu Ala Cys
2035 2040 2045
GIn Ala Leu Arg Ala Gly Glu Cys Ser Met Ala Leu Ala Gly Gly Val
2050 2055 2060
Thr Val Met Ser Ser Pro Gly Ala Phe Val Glu Phe Ser Arg Gln Arg
2065 2070 2075 2080

Gly Leu Ala Ala Asp Gly His Cys Lys Ala Phe Ser Ala Ala Ala Asp

2085 2090 2095
Gly Thr Gly Trp Gly Glu Gly Val Gly Met Leu Leu Val Glu Arg Leu
2100 2105 2110
Ser Asp Ala Arg Arg Asn Gly His Arg Val Leu Ala Val Val Arg Gly
2115 2120 2125
Ser Ala Val Asn Gln Asp Gly Ala Ser Asn Gly Leu Thr Ala Pro Asn
2130 2135 2140
Gly Pro Ser Gln GIn Arg Val Ile Arg Gln Ala Leu Ala Asn Ala Gly

2145 2150 2155 2160

Leu Ser Ala Gly Asp Val Asp Ala Val Glu Ala His Gly Thr Gly Thr
2165 2170 2175
Thr Leu Gly Asp Pro Ile Glu Ala Gln Ala Leu Leu Ala Thr Tyr Gly
2180 2185 2190
GIn Asp Arg Ala Gly Glu Gly Pro Leu Trp Leu Gly Ser Val Lys Ser
2195 2200 2205
Asn Val Gly His Thr Gln Ala Ala Ala Gly Val Ala Gly Val Ile Lys
2210 2215 2220

Met Val Met Ala Leu Arg Asn Gly Leu Leu Pro Arg Thr Leu His Val

2225 2230 2235 2240

Asp Glu Pro Ser Pro His Val Asp Trp Ser Ala Gly Ala Val Gln Leu
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2245 2250 2255
Leu Thr Glu Thr Val Pro Trp Pro Gly Gly Glu Gly Arg Leu Arg Arg
2260 2265 2270
Ala Gly Val Ser Ser Phe Gly Val Ser Gly Thr Asn Ala His Val Ile
2275 2280 2285
Leu Glu Glu Ala Pro Ala His Asn Ile Pro Ser Asp Thr Pro Ala Asp

2290 2295 2300

Asp Val Pro Gly Gly Pro Pro Ala Gly Glu Asp Ala Gly Ser Gly Glu
2305 2310 2315 2320
Glu Ala Ala Ala Gly Ser Pro Gly Val Trp Pro Trp Leu Val Ser Ala
2325 2330 2335
Lys Ser Gln Pro Ala Leu Arg Ala Gln Ala Gln Ala Leu His Ala His
2340 2345 2350
Leu Thr Asp His Pro Gly Leu Asp Leu Ala Asp Val Gly Tyr Thr Leu
2355 2360 2365

Ala His Ala Arg Ala Val Phe Asp His Arg Ala Thr Leu Ile Ala Ala

2370 2375 2380
Asp Arg Asp Thr Phe Leu Gln Ala Leu Gln Ala Leu Ala Ala Gly Glu
2385 2390 2395 2400
Pro His Pro Ala Val Ile His Ser Ser Ala Pro Gly Gly Thr Gly Thr
2405 2410 2415
Gly Glu Ala Ala Gly Lys Thr Ala Phe Ile Cys Ser Gly Gln Gly Thr
2420 2425 2430
Gln Arg Pro Gly Met Ala His Gly Leu Tyr His Thr His Pro Val Phe

2435 2440 2445

Ala Ala Ala Leu Asn Asp Ile Cys Thr His Leu Asp Pro His Leu Asp
2450 2455 2460
His Pro Leu Leu Pro Leu Leu Thr GIn Asp Pro Asn Thr Gln Asp Thr
2465 2470 2475 2480
Thr Thr Leu Glu Glu Ala Ala Ala Leu Leu Gln Gln Thr Pro Tyr Ala
2485 2490 2495

GIn Pro Ala Leu Phe Ala Phe Gln Val Ala Leu His Arg Leu Leu Thr
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2500 2505 2510

Asp Gly Tyr His Ile Thr Pro His Tyr Tyr Ala Gly His Ser Leu Gly

2515 2520 2525
Glu Ile Thr Ala Ala His Leu Ala Gly Ile Leu Thr Leu Thr Asp Ala
2530 2535 2540
Thr Thr Leu Ile Thr Gln Arg Ala Thr Leu Met Gln Thr Met Pro Pro
2545 2550 2555 2560
Gly Thr Met Thr Thr Leu His Thr Thr Pro His His Ile Thr His His
2565 2570 2575
Ile Thr Ala His Glu Asn Asp Leu Ala Ile Ala Ala Ile Asn Thr Pro

2580 2585 2590

Thr Ser Leu Val Ile Ser Gly Thr Pro His Thr Val GIn His Ile Thr
2595 2600 2605
Thr Leu Cys Gln Gln Gln Gly Ile Lys Thr Lys Thr Leu Pro Thr Asn
2610 2615 2620
His Ala Phe His Ser Pro His Thr Asn Pro Ile Leu Asn Gln Leu His
2625 2630 2635 2640
Gln His Thr Gln Thr Leu Thr Tyr His Pro Pro His Thr Pro Leu Ile
2645 2650 2655

Thr Ala Asn Thr Pro Pro Asp Gln Leu Leu Thr Pro His Tyr Trp Thr

2660 2665 2670
Gln Gln Ala Arg Asn Thr Val Asp Ile Ala Thr Thr Thr Gln Thr Leu
2675 2680 2685
His Gln His Gly Val Thr Thr Tyr Ile Glu Leu Gly Pro Asp Asn Thr
2690 2695 2700
Leu Thr Thr Leu Thr His His Asn Leu Pro Asn Thr Pro Thr Thr Thr
2705 2710 2715 2720
Leu Thr Leu Thr His Pro His His His Pro Gln Thr His Leu Leu Thr

2725 2730 2735

Asn Leu Ala Lys Thr Thr Thr Thr Trp His Pro His His Tyr Thr His

2740 2745 2750
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His His Asn Gln Pro His Thr His Thr His Leu Asp Leu Pro Thr Tyr
2755 2760 2765
Pro Phe Gln His His His Tyr Trp Leu Glu Ser Thr Gln Pro Gly Ala
2770 2775 2780
Gly Asn Val Ser Ala Ala Gly Leu Asp Pro Thr Glu His Pro Leu Leu
2785 2790 2795 2800

Gly Ala Thr Leu Glu Leu Ala Glu Gly Asp Gly Cys Leu Leu Thr Gly

2805 2810 2815
Arg Leu Ser Leu Arg Thr His Pro Trp Leu Ala Gly His Ala Val Gly
2820 2825 2830
Gly Val Val Leu Leu Pro Gly Thr Ala Phe Ala Glu Leu Ala Leu His
2835 2840 2845
Ala Gly Glu Ser Val Gly Cys Asp His Val Asp Glu Leu Thr Leu His
2850 2855 2860
Thr Pro Leu Val Ile Pro Glu Val Gly Asp Val Thr Leu GIn Val Ala

2865 2870 2875 2880

Ile Ala Ala Pro Asp Glu Ser Gly Arg Arg Met Met Thr Ile His Ser
2885 2890 2895
Arg Gly Glu Gly Gly Ser Gly Gly Ala Asp Ala Ser Ala Ser Ala Trp
2900 2905 2910
Thr Arg His Ala Ala Gly Val Leu Ser Pro Ala Lys Asp Asp Asp Thr
2915 2920 2925
Ala Ser Tyr Glu Leu Leu Ala Gly Pro Trp Pro Pro Val Gly Ala Thr
2930 2935 2940

Pro Val Asp Leu Asn Thr Ala Tyr Asp GIn Met Ala Asp Ala Gly Phe

2945 2950 2955 2960
Ala Tyr Gly Leu Ala Phe Gln Gly Leu Arg Ala Ala Trp Arg Tyr Gly
2965 2970 2975
Asp Asp Ile Leu Val Glu Ala Arg Leu Pro Glu Glu Val Ser Gly Asp
2980 2985 2990
Ala Ala Ala Tyr Gly Leu His Pro Ala Leu Leu Asp Ala Ala Leu Gln

2995 3000 3005
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Gly Thr Gly Leu Leu Ser Val Ala Gly Pro Gly Thr Pro Val Val Pro

3010 3015 3020

His Val Trp Asn Gly Leu Arg Phe Arg Thr His Gly Ala Val Ser Val
3025 3030 3035 3040
Arg Ala Cys Leu Ser Thr Leu Gly Ala Thr Gly Ala Ala Val Cys Val
3045 3050 3055
Arg Ile Thr Asp Asp Thr Gly Val Pro Val Ala Ser Val Asp Arg Leu
3060 3065 3070
Glu Leu Arg Pro Val Asp Met Gly GIn Leu Arg Ala Val Ser Val Ser
3075 3080 3085

Ala Gly Arg Arg Gly Ser Leu Tyr Ala Val Gln Trp Ala Glu Val Gly

3090 3095 3100
Pro Val Pro Val Cys Gly Gln Ala Trp Ala Trp His Glu Asp Val Gly
3105 3110 3115 3120
Glu Ser Gly Gly Gly Pro Val Pro Gly Val Val Val Leu Arg Cys Pro
3125 3130 3135
Asp Ala Gly Ala Asp Gly Gly Gly Gly Gly Gly Val Gly Glu Val Val
3140 3145 3150
Gly Gly Val Leu Gly Val Val Gln Gly Trp Leu Gly Leu Glu Arg Phe

3155 3160 3165

Ala Gly Ser Arg Leu Val Val Val Thr Arg Gly Ala Val Val Ala Gly
3170 3175 3180
Pro Glu Asp Gly Pro Val Asp Val Val Gly Ala Ala Val Trp Gly Leu
3185 3190 3195 3200
Val Arg Ser Ala GIn Ala Glu His Pro Asp Arg Phe Val Leu Leu Asp
3205 3210 3215
Leu Asp Thr Asp Leu Asp Ser Gly Ala Asp Ala Asp Ala Gly Asn Glu
3220 3225 3230

Ala Gly Met Gly Ser Gly Leu Asp Gly Gly Arg Val Ala Ala Val Val

3235 3240 3245

Ala Cys Gly Glu Pro Gln Leu Ala Val Arg Gly Glu Arg Val Leu Ala
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3250 3255 3260
Ala Arg Leu Thr Arg Leu Glu Ser Pro Val Asp Val Ser Gly Arg Glu
3265 3270 3275 3280
Val Leu Pro Trp Leu Ser Gly Gly Ser Val Leu Val Thr Gly Gly Thr
3285 3290 3295
Gly Val Leu Gly Ala Ala Val Ala Arg His Leu Ala Gly Val Cys Gly

3300 3305 3310

Val Arg Asp Leu Leu Leu Val Ser Arg Arg Gly Pro Asp Ala Pro Gly
3315 3320 3325
Ala Glu Gly Leu Arg Ala Glu Leu Ala Ala Leu Gly Ala Glu Val Arg
3330 3335 3340
Ile Val Ala Cys Asp Val Gly Glu Arg Arg Glu Val Val Arg Leu Leu
3345 3350 3355 3360
Glu Gly Val Pro Ala Gly Cys Pro Leu Thr Gly Val Val His Ala Ala
3365 3370 3375

Gly Val Leu Asp Asp Ala Thr Ile Ala Ser Leu Thr Pro Glu Arg Leu

3380 3385 3390
Gly Thr Val Phe Ala Ala Lys Val Asp Ala Ala Leu Leu Leu Asp Glu
3395 3400 3405
Leu Thr Arg Gly Met Glu Leu Ser Ala Phe Val Leu Phe Ser Ser Ala
3410 3415 3420
Ala Gly Ile Leu Gly Ser Ala Gly Gln Gly Asn Tyr Ala Ala Ala Asn
3425 3430 3435 3440
Ala Ala Leu Asp Ala Leu Ala Tyr Arg Arg Arg Ala Ala Gly Leu Pro

3445 3450 3455

Gly Val Ser Leu Ala Trp Gly Leu Trp Glu Glu Ala Ser Gly Met Thr
3460 3465 3470
Gly His Leu Ala Gly Thr Asp His Arg Arg Ile Ile Arg Ser Gly Leu
3475 3480 3485
His Pro Met Ser Thr Pro Asp Ala Leu Ala Leu Phe Asp Ala Ala Leu
3490 3495 3500

Ala Leu Asp Arg Pro Val Leu Leu Pro Ala Asp Leu Arg Pro Ala Pro
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3505 3510 3515 3520

Pro Leu Pro Pro Leu Leu Gln Asp Leu Leu Pro Ala Thr Arg Arg Arg

3525 3530 3535
Thr Thr Arg Thr Thr Thr Thr Gly Gly Ala Asp Asn Gly Ala Gln Leu
3540 3545 3550
His Ala Arg Leu Ala Gly Gln Thr His Glu Gln Gln His Thr Thr Leu
3555 3560 3565
Leu Ala Leu Val Arg Ser His Ile Ala Thr Val Leu Gly His Asn Ala
3570 3575 3580
Pro Glu Met Ile Pro Val Asp Ser Ala Phe Arg Asp Leu Gly Phe Asp

3585 3590 3595 3600

Ser Leu Thr Ala Val Glu Leu Arg Asn Arg Leu Gly Glu Ala Thr Gly
3605 3610 3615
Leu Arg Leu Pro Thr Ser Leu Val Phe Asp Gln Pro Asn Ala Ala Thr
3620 3625 3630
Leu Ala Arg His Leu Arg Arg Glu Leu Met Gly Asp Asp Ala Glu Gly
3635 3640 3645
Glu Thr Pro Ser Gln Val Ala Leu His GIn Val Ala Ala Asp Glu Pro
3650 3655 3660

Ile Ala Ile Val Gly Met Ala Cys Arg Phe Pro Gly Gly Val Cys Ser

3665 3670 3675 3680
Pro Glu Glu Leu Trp Glu Leu Val Ala Ser Gly Gly Asp Ala Ile Gly
3685 3690 3695
Glu Phe Pro Ala Gly Arg Gly Trp Asp Leu Glu Gly Leu Phe Asp Ser
3700 3705 3710
Asp Pro Asp Arg Ser Gly Thr Ser Tyr Ala Arg Tyr Gly Gly Phe Leu
3715 3720 3725
Tyr Glu Ala Gly Glu Phe Asp Ala Asp Phe Phe Gly Ile Ser Pro Arg

3730 3735 3740

Glu Ala Leu Ala Met Asp Pro Gln GIn Arg Leu Leu Leu Glu Thr Ser

3745 3750 3755 3760
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Trp Glu Ala Phe Glu Arg Ala Gly Ile Asp Pro Leu Ser Met Arg Gly
3765 3770 3775
Ser Arg Thr Gly Val Phe Ala Gly Val Met Tyr His Asp Tyr Ala Ala
3780 3785 3790
Arg Leu His His Val Pro Glu Gly Phe Glu Gly Leu Ile Ala Asn Gly
3795 3800 3805

Ser Ala Gly Ser Val Ala Thr Gly Arg Val Ala Tyr Ser Phe Gly Leu

3810 3815 3820
Glu Gly Pro Ala Val Thr Val Asp Thr Ala Cys Ser Ser Ser Leu Val
3825 3830 3835 3840
Ala Leu His Trp Ala Ala Gln Ala Leu Arg Ala Gly Glu Cys Ser Met
3845 3850 3855
Ala Leu Ala Gly Gly Val Thr Val Met Ser Ser Pro Gly Thr Phe Val
3860 3865 3870
Glu Phe Ser Arg Gln Arg Gly Leu Ala Ala Asp Gly Arg Cys Lys Ala

3875 3880 3885

Tyr Ser Ala Ala Ala Asp Gly Thr Gly Trp Ala Glu Gly Val Gly Met
3890 3895 3900
Leu Leu Val Glu Arg Leu Ser Asp Ala Arg Arg Asn Gly His Arg Val
3905 3910 3915 3920
Leu Ala Val Val Arg Gly Ser Ala Val Asn Gln Asp Gly Ala Ser Asn
3925 3930 3935
Gly Leu Thr Ala Pro Asn Gly Pro Ser Gln Gln Arg Val Ile Arg Gln
3940 3945 3950

Ala Leu Ala Asn Ala Gly Leu Thr Pro Ala Asp Val Asp Ala Val Glu

3955 3960 3965
Gly His Gly Thr Gly Thr Thr Leu Gly Asp Pro Ile Glu Ala Gln Ala
3970 3975 3980
Leu Leu Ala Ala Tyr Gly GIn His Arg Pro His His Arg Pro Leu Trp
3985 3990 3995 4000
Leu Gly Ser Leu Lys Ser Asn Ile Gly His Ala Gln Ala Ala Ala Gly

4005 4010 4015
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Val Gly Gly Val Ile Lys Met Val Met Ala Leu Arg Asn Gly Leu Leu

4020 4025 4030

Pro Gln Thr Leu His Val Asp Glu Pro Thr Pro Gln Val Asp Trp Ser
4035 4040 4045
Thr Gly Ala Val Gln Leu Leu Thr Gln Pro Val Pro Trp Pro Ala Asp
4050 4055 4060
Pro Ala Gly Arg Pro Arg His Ala Gly Val Ser Ser Phe Gly Val Ser
4065 4070 4075 4080
Gly Thr Asn Ala His Val Ile Leu Glu Glu Ala Pro Ala Ala Ala Gly
4085 4090 4095

Gly Ala Ala Gly Gly Gly Val Ser Val Gly Ala Pro Asn Pro Ala Leu

4100 4105 4110
Pro Val Ala Glu Ser Glu Pro Val Pro Val Pro Val Pro Val Ser Ala
4115 4120 4125
Arg Ser Glu Ala Gly Leu Arg Ala Gln Ala Gln Ala Leu Arg Gln Tyr
4130 4135 4140
Val Ala Ala Arg Pro Asp Met Ser Pro Ala Asp Ile Gly Ala Gly Leu
4145 4150 4155 4160
Ala Arg Gly Arg Ala Val Leu Glu His Arg Ala Val Ile Leu Ala Ala

4165 4170 4175

Asp Arg Glu Glu Leu Ala Gln Ala Leu Thr Ala Leu Ala Ala Gly Glu
4180 4185 4190
Pro His Pro His Ile Thr Thr Gly His Thr Arg Gly Ser Asp Arg Gly
4195 4200 4205
Gly Val Val Phe Val Phe Pro Gly Gln Gly Gly Gln Trp Ala Gly Met
4210 4215 4220
Gly Leu Thr Leu Leu Thr Ser Ser Pro Val Phe Ala Glu His Ile Asp
4225 4230 4235 4240

Ala Cys Glu Lys Ala Leu Thr Pro Trp Val Pro Trp Ser Leu Thr Asp

4245 4250 4255

Ile Leu His Arg Asp Pro Asp Asp Pro Ala Trp Gln GIn Ala Asp Val
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4260 4265 4270
Val Gln Pro Val Leu Phe Ser Ile Met Val Ser Leu Ala Ala Leu Trp
4275 4280 4285
Arg Ser Tyr Gly Ile Glu Pro Asp Ala Val Leu Gly His Ser Gln Gly
4290 4295 4300
Glu Ile Ala Ala Ala His Ile Cys Gly Ala Leu Ser Leu Lys Asp Ala

4305 4310 4315 4320

Ala Lys Thr Val Ala Leu Arg Ser Gln Ala Leu Ala Ala Val Arg Gly
4325 4330 4335
Arg Gly Ala Met Val Ser Leu Pro Leu Pro Ala Gln Asp Val Gln Gln
4340 4345 4350
Leu Ile Ser Glu Arg Trp Glu Gly Gln Leu Trp Val Ala Ala Leu Asn
4355 4360 4365
Gly Pro His Ser Thr Thr Val Ser Gly Asp Thr Thr Ala Val Glu Glu
4370 4375 4380

Leu Leu Thr His Cys Ala Asp Thr Gly Leu Arg Ala Lys Arg Ile Pro

4385 4390 4395 4400
Val Asp Tyr Ala Ser His Cys Pro His Val Gln Pro Leu His Asp Glu
4405 4410 4415
Leu Leu His Leu Leu Gly Asp Ile Thr Pro Gln Pro Ser Thr Met Pro
4420 4425 4430
Phe Phe Ser Thr Val Val Gly His Leu Val Trp Tyr Thr Thr Thr Leu
4435 4440 4445
Asp Ala Ala Tyr Trp Tyr Arg Asn Leu His Gln Pro Val Arg Phe Ser

4450 4455 4460

His Ala Ile Gln Thr Leu Thr Asp Asp Gly His Arg Pro Phe Ile Glu
4465 4470 4475 4480
Ile Ser Pro His Pro Thr Leu Val Pro Ala Ile Glu Asp Thr Thr Glu
4485 4490 4495
Asn Thr Thr Glu Asn Ile Thr Ala Thr Gly Ser Leu Arg Arg Gly Asp
4500 4505 4510

Asn Asp Thr His Arg Phe Leu Thr Ala Leu Ala His Thr His Thr Thr
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4515 4520 4525

Gly Ile Arg Thr Pro Thr Thr Trp His His His Tyr Thr GIn Thr His

4530 4535 4540
Pro His Pro His Asn His His Leu Asp Leu Pro Thr Tyr Pro Phe Gln
4545 4550 4555 4560
His Gln His Tyr Trp Leu Gln Pro Pro Thr Thr Thr Thr Asp Leu Thr
4565 4570 4575
Thr Thr Gly Leu Thr Pro Thr His His Pro Leu Leu Thr Ala Thr Leu
4580 4585 4590
Thr Leu Ala Asn Asn Asn Thr Gln Leu Leu Thr Gly Arg Leu Ser Leu

4595 4600 4605

Arg Thr His Pro Trp Leu Thr Asp His Thr Val Val Gly Thr Thr Leu
4610 4615 4620
Val Pro Gly Thr Ala Leu Leu Glu Leu Ala Leu Gln Ala Thr Thr Thr
4625 4630 4635 4640
Asp His Leu Glu Glu Leu Ala Leu His Thr Pro Leu Val Ile Pro Arg
4645 4650 4655
Glu Gly Ala Val Asp Val Gln Val His Ile Asn Pro Pro Asp Asp Thr
4660 4665 4670

Asp Thr Arg Ser Leu Thr Ile Tyr Ser Arg Ser Glu Asn Ala Pro Ala

4675 4680 4685
Ala Ala Pro Trp Arg His His Ala Thr Ala Val Leu Gly Thr Lys Thr
4690 4695 4700
Ser Arg Ile Glu Thr Gly Arg Ser His Asp Asp Leu Ser Met Trp Pro
4705 4710 4715 4720
Pro Ala Gly Ala Val Arg Cys Ala Asp Glu Glu Leu Ala Ala Leu Tyr
4725 4730 4735
Gly Asp Tyr Glu Ala Asn Gly Phe Val Tyr Gly Pro Ala Phe Arg Gly

4740 4745 4750

Leu Thr Ala Ala Trp Arg Leu Gly Asp Glu Val Phe Ala Glu Val Arg

4755 4760 4765
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Leu Pro Glu Gln Val His Gly Glu Ala Ser Ala Tyr Asn Leu His Pro
4770 4775 4780
Ala Leu Leu Asp Ala Ala Leu His Ala Ala Ala Phe Ala Pro Ser Gly
4785 4790 4795 4800
Ser Leu Pro Gln Gly Ser Val Pro Phe Ser Phe Thr Gly Val Thr Leu
4805 4810 4815

His Ala Ala Asn Ala Ser Ser Leu Arg Val Arg Leu Ser Pro Ala Asp

4820 4825 4830
Pro Asn Ser Gly His Ala Ala Val Ser Val Leu Val Thr Asp Asp Thr
4835 4840 4845
Gly Thr Pro Val Ala Ser Val Glu Ala Leu Ala Val Arg Pro Leu Ala
4850 4855 4860
Ala Asp Glu Leu Arg Ala Ala Glu Arg Ala Val Gln Arg Ala Glu Leu
4865 4870 4875 4880
Phe Asp Met Lys Trp Val Glu Val Pro Ser Asp Val Leu Val Ser Gly
4885 4890 4895

Gly Ala Ser Val Val Val Leu Asp Gly Ala Asp Asp Leu Val Gly Leu
4900 4905 4910
Ala Ala Glu Glu Asp Gly Val Pro Gly Val Val Val Leu Arg Cys Pro
4915 4920 4925
Asp Ala Gly Ala Asp Gly Gly Gly Gly Gly Gly Gly Val Gly Glu Val
4930 4935 4940
Val Gly Gly Val Leu Gly Val Val Gln Gly Trp Leu Gly Leu Glu Arg
4945 4950 4955 4960

Phe Ala Gly Ser Arg Leu Val Val Val Thr Arg Gly Ala Val Val Ala

4965 4970 4975
Gly Pro Glu Asp Gly Pro Val Asp Gly Pro Val Asp Val Val Gly Ala
4980 4985 4990
Ala Val Trp Gly Leu Val Arg Ser Ala Gln Ala Glu His Pro Asp Arg
4995 5000 5005
Phe Val Leu Leu Asp Leu Asp Thr Asp Leu Asp Ser Gly Ala Asp Arg

5010 5015 5020
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Asp Ala Gly Asn Glu Ala Gly Met Gly Ser Gly Leu Asp Gly Gly Arg

5025 5030 5035 5040

Val Ala Ala Val Val Ala Cys Gly Glu Pro Gln Leu Ala Val Arg Gly
5045 5050 5055
Glu Arg Val Leu Ala Ala Arg Leu Thr Arg Leu Glu Ser Pro Val Asp
5060 5065 5070
Val Ser Gly Arg Glu Val Leu Pro Trp Leu Ser Gly Gly Ser Val Leu
5075 5080 5085
Val Thr Gly Gly Thr Gly Val Leu Gly Ala Ala Val Ala Arg His Leu
5090 5095 5100

Ala Gly Val Cys Gly Val Arg Asp Leu Leu Leu Val Ser Arg Arg Gly

5105 5110 5115 5120
Pro Asp Ala Pro Gly Ala Glu Gly Leu Arg Ala Glu Leu Ala Ala Leu
5125 5130 5135
Gly Ala Glu Val Arg Ile Val Ala Cys Asp Val Gly Glu Arg Arg Glu
5140 5145 5150
Val Val Arg Leu Leu Glu Gly Val Pro Ala Gly Cys Pro Leu Thr Gly
5155 5160 5165
Val Val His Ala Ala Gly Val Leu Asp Asp Ala Thr Ile Ala Ser Leu

5170 5175 5180

Thr Pro Glu Arg Leu Gly Thr Val Phe Ala Ala Lys Val Asp Ala Ala
5185 5190 5195 5200
Leu Leu Leu Asp Glu Leu Thr Arg Gly Met Glu Leu Ser Ala Phe Val
5205 5210 5215
Leu Phe Ser Ser Ala Ala Gly Ile Leu Gly Ser Ala Gly GIn Gly Asn
5220 5225 5230
Tyr Ala Ala Ala Asn Ala Ala Leu Asp Ala Leu Ala Tyr Arg Arg Arg
5235 5240 5245

Ala Ala Gly Leu Pro Gly Val Ser Leu Ala Trp Gly Leu Trp Glu Glu

5250 5255 5260

Ala Ser Gly Met Thr Gly His Leu Ala Gly Thr Asp His Arg Arg Ile
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5265 5270 5275 5280
Ile Arg Ser Gly Leu His Pro Met Ser Thr Pro Asp Ala Leu Ala Leu
5285 5290 5295
Phe Asp Ala Ala Leu Ala Leu Asp Arg Pro Val Leu Leu Pro Ala Asp
5300 5305 5310
Leu Arg Pro Ala Pro Pro Leu Pro Pro Leu Leu Gln Asp Leu Leu Pro

5315 5320 5325

Ala Thr Arg Arg Arg Thr Thr Arg Thr Thr Thr Thr Gly Gly Ala Asp
5330 5335 5340
Asn Gly Ala Gln Leu His Gly Arg Leu Ala Gly Gln Thr His Glu Gln
5345 5350 5355 5360
GIn His Thr Thr Leu Leu Ala Leu Val Arg Ser His Ile Ala Thr Val
5365 5370 5375
Leu Gly His Thr Thr Pro Asp Thr Ile Pro Pro Asp Arg Ala Phe Arg
5380 5385 5390

Asp Leu Gly Phe Asp Ser Leu Thr Ala Val Glu Leu Arg Asn Arg Leu

5395 5400 5405
Ser His Thr Thr Gly Leu Arg Leu Pro Thr Thr Leu Ala Phe Asp His
5410 5415 5420
Pro Asn Pro Thr Thr Leu Thr His His Leu His Thr Gln Leu Val Ser
5425 5430 5435 5440
Lys Gly Leu Thr Ala Ala Ala Glu Pro Asp Ala Ala Thr Thr Pro Pro
5445 5450 5455
Gly Leu Pro Ser Leu Leu Ser Glu Leu Glu Arg Leu Glu Ala Val Val

5460 5465 5470

Leu Ser Ser Thr Thr Ser Ser Ala Ala Pro Leu Asp Asp Gly Ala Arg
5475 5480 5485
Thr Arg Leu Ala Ser Arg Leu His Ser Leu Ala Gln Lys Leu Asn Gly
5490 5495 5500
Asp Asp Thr Ala Pro Asp Leu Ala Glu Thr Ser Asp Glu Glu Met Phe
5505 5510 5515 5520

Ala Leu Ile Asp Arg Glu Val Gly Phe Glu Ser Gln
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5525
<210> 73
<211> 17460

<212> DNA

<213> Artificial Sequence

<220><223> milA3 gene of Streptomyces milbemycinicus

<400> 73

atggccgcetg gccacgacaa
cggcagaggg aacagatcca
ggcatggect gecgcetatcece
gecegecggtce gtgacgecat
ctgtacgacc ccgatccgga

taccaggcag gggagttcga

atggacccge agcageggcet
atcgacccgg ccteggtgceg
gactacggct cccggctgea
agcggeggeg gegtggegtce
gtgaccgtgg acaccgectg
ctgcgggcecg gegagtgetce

agcctgttcg tcgagtactce

tacggggegg gggceggacgg
cggctcacgg acgcacagceg
gtcaaccagg acggcgcgag
gccatcecggce aggcactgge
gggcatggga cggggacgceg
tacggtcagc agcggcccge

ggccatgege aggeggecge

agcgggacge tgeegegeac
tcgggegegg tacggcetgcet
cgcgeegegg tgtectectt

gcatcgcaga cggegecgea

ggtgatcgag
ccggcetcact
gggeggagtg
cggcaccttc
gcggeccggc

cceeggttte

gctgetggag
cggcageegce
caccgtcccc
cggeegggtce
ctcctecteg
actcgccctg

ccggceagegce

caccggctgg
cctcggecac
caacggcctc
gagcgeeggg
gctgggegat
ggaccggceceg

cggegtggge

cctgcacgceg
gaccgagcecg
cggggtcagce

gacggattcc

5530

gegetgeggg
acggegegcegce
ggatcgeegg
cccgaggacce
acctcgtgta

ttcgggatca

atctcctggg
accggggtgt
gaaggcttcg
gcctacacce
ttggtcgcecc
8Cggecreggeg

gegetegegg

gcagaaggcg
cgggtgetgg
accgceccca
gtgtcggegt
ccgatcgagg
ctgtggctcg

gggatcatca

gacgagccgt
gtcgeectgge
ggcaccaacg

gegtegeagg

cgtcectcaa
gggaacccat
aggacctgtg
ggggetggga
cccagcatgg

geeegegega

aggtgttcga
tcgegggegt
agggctatgt
tcggectcga
tgcacctggce
tgacggtgat

cagacggecg

ccgggatgct
cggtggteceg
acggceccege
ccgaggtcga
cgcaggcegtt
ggtcgatgaa

agatggtgat

cgccacacat
cggagcgega
cccatgtgat

cggaaaccga

gaccaacgag
cgccatcatc
ggagetggtg
cgtggagegg
cggattcctg

ggcgetggeg

gecggeccgeg
catgtaccac
cggcaacggce
aggccecggec
ctgccaggceg
gtccaccccce

gtgcaaggeg

gctggtggaa
gggcagegcg
gcaacaacgg
cgccgtggag
gctggegacce
gtccaacgtc

ggccatgegg

cgactgggac
cecggeececege
cctcgaggcec

cgacgctccc

- 161 -

60
120
180
240
300

360

420
480
540
600
660
720

780

840
900
960
1020
1080
1140

1200

1260
1320
1380

1440
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gcaccgeacg

gcgacggecg

gagctgetge

caccgcgcag
gcaggggagy
gcgggegtgg
ctgctggaga
ccgtatgcecg
gagecgggacceg

tggcgetcegt

gcegeccaca
agccgggecce
gacgaggtca
aacgccccca
cactaccggg
ccgcatatcg

gcegecgaca

gacgcceggt
gcecteggeg
cccgecatceg
cgcegeggeg
ggcctgeecg
gacctgccca

ggggacgtga

ggactcgecg
tggctcaccg
ctggeegtgce
gceecegeteg
gacgagaccg

£8aggeescsy

gecgegeeggg
aggcgcetgceg

geceecgecga

tcgtectcegg
ggccggacga
tgttegtcett
cctegtegtt
actggtcgct
atgtcgtcca

acggcgtcga

tctgeggcege
tgcagaccct
ccgggetgcet
cggccacggt
accagggcgt
aagccgtgga

tceecttcta

actggtaccg
ccgecgagta
aggacaccac
aggacgacgce
tggegtggga
cctacgcectt

cggcegeges

agggcegacgg
accacgcggt
acgtcggegg
tcctececga
gecegeegege

ccegggecegce

ccatgccgtg

ggcececaggcce

cgtcgggcac

ctccgaccgg
cggcteggtce
cccgggacag
cttcgecgag
gctcgacgtt
gccgatgetg

accggacgcece

gctgaccctg
gegeggttceg
gcggaccgcea
gatctcecgge
cgaagcgaag
gcaggagctg

ctccaccgtg

caatctgcgc
ccggacgtat
tgaggccgcec
ccaccgcatc
ccgcecactac
ccagcgeegce

gctggeececg

atatctgctc
cgceggeacce
acacctcggce
caccggeggce
actgagcgtc

gtggacacgg

g€ggggcege
ggggagetge

accctggtct

gaaaccctge
gtacggggcea
ggcggccagt
cggatggegg
ctgegeeggg
ttctcggtga

gtactcggcc

gacgacgcecg
ggcggcatgg
tggcecggacc
gacgcggact
cgggteeegg
ctgggectgt

gacaaccagt

cggccecgtac
gtcgaggtceg
ggegtegegg
ctgacctcgc
cgggegeteg
cgctactggce

gtcggacacc

accggeeggce
gtcetgetge
tgcceeegge
gtggegcetcece
tacgcacagc

catgcgaccg

tgctetggec
gtcgettegt

tcggecegctce

tgcgegetct
tggeggecege
gggeceggeat
agtgcgaggc
accccgggga
tggtgtcgcet

actcccaggg

cgaaggttgt
ccteegtacc
ggctgtgggt
ctctggcecgga
tcgactacgc
tgcgggggat

gggcecgacac

gcttcgecga
gccegeaccce
ccacggttgt
tggceegggce
ccceegaggce
tggacgcccce

cactgctcgg

tcgccececgea
cgggcaccgce
tggaggagct
aggtggecegt
gcgacgacga

gcacactggc

cttgtcgggce
ggceggecgat

ggacctcgca

ggacactctg
cggggceceggt
ggggetgegg
ggcgttggea
cceggtetgg
ggcgcagetg

cgagatcgcc

cgegetgege
actgccggceg
ggccgecegtce
ggcgcetggaa
ctcccactgce
cgctccaagg

catgggactc

agcgctcecge
caccctcacc
cggatccctg
tcatattcat
gaaccatgtc
ggcgaccacc

cgeggeggtce

cacccacccce
atacgtggaa
caccctgcac
cggggcaccg
cceegegtgg

ggccegagegcce
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1500
1560

1620

1680
1740
1800
1860
1920
1980

2040

2100
2160
2220
2280
2340
2400

2460

2520
2580
2640
2700
2760
2820

2880

2940
3000
3060
3120
3180

3240
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ccgactgatg

ccgggeegegg
ggctacggcec
gcegaggtge
gecgetgeteg
ccagcgggac
acaccgacgce

gccgacgaga

ctggaggacc
accgeegege
attcctggat
gaccttgecg
gtgggctgee
gcecegtacce

gegeggetgg

gCcggagggag
gccgaggage
gcgctaccac
cacatggccc
g88agcggcg
gtggcegtcect

gcggregesce

gggetgggea
gcgeeeggeg
gaccgggceca
ccegtegtgt
gagtcggtgc
cgccacctgg

gcccacggcea

gcatcagegg

agcccctgga
cggcecttceca
ggctccecga
acgccgegct
atggcctgct
tgcgegtacg

cgggcgcegcece

tgcgggecect
ccgagecccce
gggetgeege
gactggtgac
ctceggetge
gtgtccgtac

ccggcegcegag

tgatggacct
ccgaccgtat
gggeggtcege
ggctggtteg
gctggegget
cggccgaccg

tgaacttccg

gCgageggacgc
accgggtgat
ccgtgatcceg
tcgccaccge
tggtgcacgc
gcgetgaggt

tcceeeegga

tgccgacggt

catcagcggce
ggggetgege
ccaggtggcec
ccacccgctg
geegttegee
gctgeggeeg

ggtggectceg

cggcggecag
ggcgacggcec
gctggagacg
ggccctggac
cgcegggecece
ccgacaagcg

getggtgetg

g8cggecgcg
ccteetggtg
gctgggegaa
agccgacacc
cgactgcgcec
cgacccgctg

cgatgtcctg

cggggtagtg
gggegtgtte
cgtceecgac
ctattacggg
tgcggeeggce
ctacgccacg

gcgcatcgcece

gccegggaccee

ctctacgaca
geegtetgge
gccgacgecce
gcactcgaca
tggegeggceg
cagggcceegg

gccgaatcge

gcggegcgaca
ctcgggeggt
gcggeragegg
gcgggegatce
gacgacacga
ctggacctgc

gtcacctgeg

gcgatctgeg
gacctggacg
ccgcagatgg
8aggeeagcy
gacgcgggea
ggcecgeacce

gtggeectgg

ctcgaagccg
gcggatgegt
cactggacct
ctggtggacc
ggagtgggac
gcgageeccg

tcgtccegea

tggegggggc

cgectggecge
ggcaaggcga
cacgcttctg
gcggecgaag
tcagecctgceg
actcgattgc

tcacgctgcg

ccctetacge
gcgctgtgat
ggcccgtacg
cgectecgga
cggtcgecga
ttcagggctg

gegeggtgge

gactggtgeg
cggccgagga
ccatccggge
ccectgetcac
cggtccaggg
aggtacggat

ggatggtccce

ggcctgaagt
tcggecegtt
tcggecaggce
tggcaggact
tggccgetgt
gcaaatggga

ccctegactt

gtggecteceg

cgcagacttc
ggagacctac
cctecaccce
cgaggagaat
ctceeeggge
cgtcgacgtg

geeggtggec

cctggagtgg
tggccaagcc
gcggtaccceg
cctggtgtte
cgtccacacc
gctcggegaa

caccgggcceg

atccgcgcag
gtcgtgggeg
cggccageeg
gcegecacag
gctggegect
cgaggtgcegt

tgggcagegg

ggccgacctg
cgcgatcgec
cgccgecegtce
gcgeeegggt
ccaactggcc
caccctacgce

Cgagagccgsg
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3300

3360
3420
3480
3540
3600
3660

3720

3780
3840
3900
3960
4020
4080

4140

4200
4260
4320
4380
4440
4500

4560

4620
4680
4740
4800
4860
4920

4980
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ttcaccggcec
tcgetgegec
cgcgaccegg
atggaggccg
gagggcgtge
ttccgecaac

cccgaccecg

gcecegecatce
ctcgatgcgce
accgtcgcca
cccgecgage
ctcggcetccc
tggcatctgc

geegegggtg

gacgcgcetcg
ctgtgggagg
gceegegteg
ctcgtcgacg
accaccgcac
cccgegacac

gcacagcacg

ccgagecceg
accgecgtgg
atcgtcttcg
ggcgegegceceg
gcggatgagg
gccgagggec

gaccgceggcet

acatacaccc

ggcatcggcc

tcctgggagg

ggaacatcga
tggtgteegg
aggaggtggc
gacccgageg
tcaccccgct
tccagcaggg

acggcaccgt

tcgeegecac
caggcgctcc
cctgcgacgt
acccgctgac
tcaccgcegceg
acgacctgac

tcetgggctce

ccttccageg
aggccagegg
geceteeggee
gcccaccgcet
cgeeectgtt
ccgacggeeg

aggtcctgct

acgccatcgce
agctccgcaa
accatcccac
atacggtcac
ccatcgcgat
tgtgggatct

gggacctcga

gccacggggg
cacgtgaggc

ttttcgaaca

cgtcegtcectce
cgacagcggce
gcaggcgtac
catcggggag
gcegcetceacce
ccgcaccgtce

cctcatcacc

cggccgagea
cgaactcatc
cggcgaccgt
cgeegtcegtce
ccacctcgac
ctgceggctg

gecggeggeag

acgggegatg
aatgaccggce
actggccacg
gctgceteeceg
ccagagcctc
ctecteecte

caccctegtce

CcCgcgagecg
ccgectcaag
tcctgeeget
cctggetgeg
catcggcatg
ggtcgectcee

ccgectctac

cttcctcecac

gctggegatg

cgcgggaatc

aactccctgg
cggttectgg
cceggtgteg
atcctgcgca
tgctgggaca
ggaaagaatg

ggtggcaccg

cggcatctgce
gctgagattg
gecegegeteg
cacgcegegg
accgttctgce
gatctggecg

ggcaactacg

ggactcceceg
cacctcgacc
gacgaggccc
gcecgtateg
gtacgcccca
cgagcccggce

cgcggcecacg

gecetteegtg
gaggcaaccg
ctcgeccage
gctectgetce
geetgeeggt
ggcaccgacg

gccecececcagg

gacgcgggcea
gatccgcagce

gacccctegt

cccatgagta
agatgggcaa
cctaccgggce
ccgtgttgeg
tccggeaggce
tgctcacgcet

gtaccctcegg

tactgatcag
acgagttggg
ccgaactgct
gcaccctcega
ccgcgaaggce
cgttegtgct

ccgeegecaa

ccgtgtcecct
agaccgaccg
tggcgetgtt
acaccaaggc
ccaccggeca
tcgeeggget

ccgccacggt

acctcggctt
geetgegget
acctgcggga
cgagcaaggt
atccgggggg
ccatgagcgg

accaggacgt

agttcgacgc

agcggctgct

cggtacggceg

cgtcgacgcec
gaccgacctce
gtacgacctg
gectgttcegac
cagggatgcc
ggaccgcacc

cgccgegcetce

ccgeegtgge
cgccacggeg
cgggeggatce
cgacgccacg
cgatgccgcec
gttctegtee

cgectttete

ggcatgggga
cacccgcatg
cgacaacgct
gctacggggce
ccggecacgce
cgaccccgece

cctcggecac

cgactccctce
cccecgecacce
cggcectcatce
ggcgatggtg
cgtgeggtceg
attccccagce

gcegggeacce

gggattcttc

gctggagacc

gagceggacce
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5040
5100
5160
5220
5280
5340

5400

5460
5520
5580
5640
5700
5760

5820

5880
5940
6000
6060
6120
6180

6240

6300
6360
6420
6480
6540
6600

6660

6720
6780

6840
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ggagtcttcg
gaggtcgagg
tacaccttcg

gtggegttge

ggcggggtga
ttgtcggtgg
gagggggtgg
gtgttggcegg
gcgccgaatg
g8Cgeeacegg

atcgaggcgc

tggttggggt
gtcatcaaga
gagccgtcege
ccgtggeegg
accaacgegce
gtctegtecg

caggcagcac

gggtatgege
gaccgcgaag
ctggtacggg
acgcaacgtc
atggacgaag
ttcgccgage

geectgtteg

ccccactact
ctcaccctcee
cccgecaccg
acacgatgcg
agcggtgatc

accactgcgc

ccggtgtgat
gctatgtcect
gcetggaagg

atctggcegtg

cggtgatggc
atgggeggtg
ggatgctgtt
tggtgegggg
gtccgtegea
atgtggatgt

aggcgttgct

cggtgaagtc
tggtgatggc
cgcatgtgga
agacggegecg
acatcatcct
ggtegtttee

agttgcgcgce

tggcctcecgg
ccttegtcga
gegtggegac
ccecgtatggg
cctgegcaca
cgggcaccga

ccctecagat

acgccggeca
ccgacgeggce
gcgccatgac
aaggacgggt
gccacgacgt

tgaaggtcag

gccgacggac
caccggaaac
cceegeggtg

tcaggcgctg

gacgcctggt
caaggcegttt
ggtggagegg
ttctgeggtg
gcagegggtg
ggtggagggg

ggcgacctac

gaatatcggg
gatgcggtat
ctggtcctceg
tgcgeggegt
cgaacaggcg
gtggatggtg

gtatctggcg

ccgcacggcec
agagctggga
gggtgcggeg
acacgggctg
cctggaccca
caccgcccag

cgcectgceac

ttccetegga
ccgeetggtce
caccctccaa
ctcactcgcg
agacgctacg

cggegettte

tacggccccc
tccggeageg
tcggtggaca

cgtgeggggg

geettegtgg
ggggtgggtyg
ttgtctgatg
aatcaggatg
atccggcagg
cacggtacgg

ggtcaggage

catgcgcagg
ggggtgttge
ggeggggtgc
gcgggggtgt
ccgectgagg
tcggccaagt

gcacatcctg

ttcggccacc
gctectggagg
aagctggcegt
tactacgcct
cacctcgacc
ctgctccacc

cgcectggtca

gagatcaccg
accacccgeg
gcagaccccg
gccgtgaacg
gccgaaaacce

cactcacacc

ggctgcaaga
tcgeecteggg
cggegtgttce

agtgctccat

agtttgcgceg
cggatggtac
cgeggeggtt
gtgcgtcgaa
cgttggccag
ggacgcggct

gggtggggga

ccgeggeeges
cgcggacgtt
ggctgctgac
cgtecgttcgg
agcacgacga
ccgaacaggce

agctggggct

gtgecegtgcet
ccggtgagga
ttgtgtgtte
tccegetgtt
atcccctgceg
agacccgcta

CCgaacacca

cggcccacct
ccecgectcat
acgaactcca
cgeeegggte
tccgegecat

acatcgaccc

caccgtggcec
ccgtatcgec
gtcgtctetg

ggegetggece

gcagegegeg
ggggtgggceg
ggggcatcgg
tggtttgacg
tgegegggtt
gggtgatceg

cggctegttg

ggttgegggt
gcatgtgcag
ggaggeggtg
ggtcagtgge
tcecggeggac
actacaggcg

ggctgatgtc

cctgggececg
acacgccggg
€cgggcaggga
cgcecgeagece
ggatgtcatg
cgcccagecce

cggcecttacce

cgeegggatce
gcaatctctc
cgaacacctc
cgtggtcatc
gggacgcaag

actcctcaac
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6900
6960
7020

7080

7140
7200
7260
7320
7380
7440

7500

7560
7620
7680
7740
7800
7860

7920

7980
8040
8100
8160
8220
8280

8340

8400
8460
8520
8580
8640

8700
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gaactccgca

accaacccca
acggtccact
gaactcggcc
ccgctagecg
ctcgeccacc
cactaccacc

accactgcca

ggcgegecgg
cgtacgcatc
gecettteteg
cttacgctcc
gtggeegege
ggcggcectca

gccegacaage

tggcegecegce
gggggtttce
gaggtcttcg
ttcgegetge
ctacggggac
tceggggega

tcggtcgacg

cggeeggtga
ccccatgget
gaagccgecc
gtcactccge
gacgcgeccg
agtgaggcgce

gacagccecggt

acacggcaga

ccgaccacga
acgcccacac
ccgaccacac
tceegettcet
tccacaccca
caaacctccc

ccggtgatat

tcgggttgge
cctggetgge
aactcgccct
acaccccgct
cgaacgaagc
ccgecgattce

ctgacccaga

cgggtgeggt
actacggtgc
cgaccgcgta
acccecgegcet
aacaggacag
cggctetgeg

tgtccgacga

ccagggccga
cgctettcga
catgggtgat
cggagcggac
ttcceeggac
tgcgccaggce

tcgccgacag

aaccctcacc

ccccaccaca
cacccaacaa
cctcaccgcec
ccaccccgac
cggccacccce
cacctacccc

gtcggcetgea

cgatggtgag
cgaccacgcc
ccaagccgece
cgtcgtaccg
aggaaaccgg
ggctggegag

ctgcggtgac

cgccgtggat
ggcctteegt
tatgtcagag
gctggattcce
cgggetgeeg
cgtceggctg

ggcgggtgag

gttgcatacg
ggtgcegatgg
gatcgggacc
gtacgccgac
ggtcegtggece
cacacaccac

tcgeectggtg

taccacccac

ccccactact
ctccacaccc
ctcacccacc
caatccgaga
accacctggc
ttccaacacc

ggccttgage

gggttgetgt
gtcggeggeg
gcccatgecg
gatagcgecg
gcggtggata
ccgtggacgce

tcggeggatg

ctggagggac
tgcctggacg
gatcagctgg
gcactgcaca
ttcacgtgga
aggccggacg

cccgtagcat

gccegagttge
gaacccgtcce
gggcecegacge
ctggecegege
tggtccccag
atgctgggcec

atcctcaccc

Cccacacccece

gggtceggea
acggcgtcac
acaacctccc
cccacaccac
accaccatca
accactactg

cggcgceggcea

tcactgggceg
ccgtgttgcet
actgccgtceg
gcgtagtgcet
tctactcgceg
gccatgecege

gtgtcatgcc

tgtacgagca
ccgectggea
gcgacacgge
ccattccact
caggagtcac
gccatggecc

cggtceeggtce

gcacagcecge
cccagcecttce
tgcgeceggt
tgtgcgtggce
Cccgggagcega
tactgcagca

gagccgeggt

cctcatcacc

agcgcegcegag
cgcctacctce
cgaccacacc
ccacaccgcce
cacccccacce
gctcaacacc

tceceectgttg

gatttctctce
cceceggtacg
ggtcgaggag
gcaggtcact
aatcgatgtc
cgggtacctt

cgcgggcegcea

actggccgag
acgceggggac
tgeggetegg
tttgcectcec
cctgegtgcea
gggggcggtg

gttggeectg

cceggttgee
agcggecgaa
cgaggacttc
aatcgccgat
agacgagtcg
gtggttggeg

ggccactgeg
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8760

8820
8880
8940
9000
9060
9120

9180

9240
9300
9360
9420
9480
9540

9600

9660
9720
9780
9840
9900
9960

10020

10080
10140
10200
10260
10320
10380

10440
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ccggacgagg
cagtcggagce
aaagaccacg
cgcgatggag
atggacgagc
ctcggegceca

atcagccgac

ctecggggege
gtattgtcgg
ctggacgacg
aaggtcgatt
gtgctcettcet
gccaacgcag

tcettggect

gaccacgcege
ctcttcgaca
agggagcttc
ccggeceeggce
cggttgaccg
cgggeggctg

cgcgacctgg

accgggcetge
cgtttectgt
ccegttgegg
cggtttcegg
gacgeggtgg
gacccggacc

gagttcgacg

cagcggctgc
tcgetgeggg

cgeectgegeg

aggtagaaga
accctgaccg
accgaatgct
ccectgegeac
atccctggga
tgcttgececg

gtggcectcega

aggtgacgat
agatctccgt
gggtgatcac
cggcgctcaa
cctegetgge
ccctggacge

ggggagtttg

ggctcecgeceg
aggccctgag
agacatccgg
cgtceceggac
geetegggee
cggtgetggg

ggttcgactc

geetgeegge
gtgacgagtt
ccgteggegg
gaggtgtgeg
gtgacttccce
gaaccggcac

cggcattctt

tgctggagat
ggagttcgac

agatcccaga

cctggeggga
attcgtcctg
gtcgatggcece
acccecggcetg
tcaggacggce
ccacttggtg

cgeeeegaes

caccgegtge
cgaccatccg
atccctcaca
tctccaccag
cggggtgatg
gctggegagt

ggagcagacce

ctcgggectg
ctgtggacac
atccgtccceg
ccgecgacgece
ggaagaacgg
gcacggcacg

cctegeegeg

cggcttgatc
ggceceggegee
ggcagecegge
gtcggecegag
cgcagaccga
ctcctacacc

cgggatcgge

ctcctgggag
cggggtgttc

gggctacgag

gecggegacge
ctcgacctgg
ctggectgeg
agccegetgg
accgtactca
gccacccatg

gccaggcegac

gatgccgcag
ctgaccgctg
ccggagggcce
ctcacacgcg
ggttcggcag
caccggageg

gagggcatga

aggeegetgg
gceetggtgg
ccattcctgce
tcggeeggtg
ctacgcgagg
gccgaatcgg

gtggacctge

ttcgaccggce
ggeggtacgt
gagccggtgg
ggeetgtggg
ggctgggagg
Cggcaagecg

ccgegtgagg

gcgctggaac
gctggggtga

ggctatatcg

ggggtctgat
acgaccgtcc
gggaaccgga
ccggcaccgce
tcaccggegg
gcgtacggcea

tgggggtcega

accaaaggca
tggtgcatgc
tgacccatgt
acctgecgct
ggcagggcaa
ccgetegget

ccgggcagtt

ccatcagcga
tgccegecege
gccacctgac
agccgacctce
tgctgeggcet
tcceggegga

ggaaccggtt

cgcgtecgga
cggcggecac
ccatcgtcgg
atctggtcge
tggaacggct
ggttccttta

cggtagccat

gtgcggggat
tgtaccacga

gcaatggaaa

ccgcetecegec
cgctgacgeg
agtggccgta
caccgaggcc
caccggcagce
tctgatgctg

acttgcggag

acttgcgaac
ggcaggegta
cctgegggee
gtcegegttt
ctacgccgcec
gceggeggtg

ggaggcecacg

gggectggag
actcagcacg
gggtgtcget
cctgeggegg
ggtgcgcetce
ctcggegtte

gcagcaggcc

cgtgctcgec
ggcegeecca
catggcatgc
ctccggtatg
ctacgacccc
cgacgegggt

ggatccacag

cgacccggeg
ctacggcacc

cgcgggcage
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10500
10560
10620
10680
10740
10800

10860

10920
10980
11040
11100
11160
11220

11280

11340
11400
11460
11520
11580
11640

11700

11760
11820
11880
11940
12000
12060

12120

12180
12240

12300
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gtcgegtegg
acggcegtgtt
gagtgctcca

gagttctcge

gcggacggaa
gceceggcegcea
ggggcrgagea
gegtgggeaa
gggacgacge
cggtcggeeg

gecgeegegg

ccgcagaccce
cggttgctga
tcctettteg
gcggagaccce
tccgegaaga
aacgcccceg

ttcgagcatc

gctetggegg
gaccagggcea
ctgcggcetgce
ctcgececccc
ctgtggcagc
gcectetgge

atcaccgccg

ctgcgcagcc
ccggeggacce
gccgtcaacg
ctggaacact
cactgccccc

ccacgggccg

gacgtgtcge
cgtcgtcecct
tggegetgge

gccagegess

caggctgggc
acggccaccg
atgggctgac
acgcgggtgt
tcggtgacce
atcggccegtt

gggtgggegg

tgcacgccga
ccgagtcggt
gtgtcagegg
acgaaccggce
gccecegcaage
aggcgaaccce

gtgctgtggt

ccgacgaggce
aggtggtgtt
ttaagacctc
acaccgactg
gcgccgacgt
aatcccacgg

cccacatcag

gggecectgcea
aggtcaccgg
ccectaccege
accgggacca
acatccaggc

ccaccacccece

ctacaccttc
ggtcgeectg

cggeggggtce

actggcccecg

g8ageeagcy
ggtectggeg
ggcgecgaac
ggcegegatg
catcgaggcc
gtggttggea

cgtcatcaag

ggagccctca
ggcctggecce
taccaacgcc
agagcccaac
gctacgtgcece
cgccgacgtce

catcggctcc

ccacaccgcec
cgtgttcccc
acccgtcttc
gaccctgacc
catccagccc
ccttaaccce

cggagcegcetg

gaccctgege
gctgetgecag
cacggtgatc
aggcgtcgac
cgtggaacag

cttctactcc

ggcctggagg
catctggcct

accgtcatgt

gacgggeggt

gggatgctcc
gtggtacggg
ggcceegtege
gacatcgacg
caggcgctgce
tcgatcaagt

atggtgatgg

cctcatgtgg
gagcaggggc
cacgtcatcc
accgcgccag
caggcgegece
ggccacaccce

gaccgagegg

gtcgtcacgg
g88Cagggcg
gcccaatcga
gacatcctge
gtcctetteg
gacgccgtca

agcctggagg

ggttegggeg
accatgtggc
tccggcaacg
gcgaaacgga
gaactgtcac

accaccgaca

ggceggeggt
gccaggegcet
ccacccccac

gcaagtcctt

tggtggaacg
ggagtgeggt
aagagcgggt
cggtggaggeg
tggggacgta
ccaacgtcgg

ccatgcgcca

actggtcggg
ggatgegeeg
tggaacaagc
gcccactgece
aactgcacac
tcgegacggg

agttcctggg

ggatcgcegag
gtcagtgggc
tccaggectg
accggeccca
ccctecatgac
tcggcecactce

acgccgcgaa

gcatggcectc
cggaccggcet
cggaagctct
tcceggtcega
ggctgttgcg

accaatggac

caccgtggac
gcggtceaggg
cacttttgtc

cggggcregec

gctttcggac
caaccaggac
gatccgeccag
acacggcacg
Ccggacaggga
acacacccag

cgggctgctce

cgggacggtg
tgegggegtce
accgectgec
ctgggcegatce
gtacctgacc
ccgegectcet

tggcctggat

gaaggccggt
cgggatggga
cgaacaagcc
caccgacccce
ctceetegec
ccaaggcgaa

aaccgtcgceg

cgtaccactg
gtgggtggcece
cacacaggcg
ctacgcctcc
gggcatcacc

cgacaccacc

- 168 -

12360
12420
12480

12540

12600
12660
12720
12780
12840
12900

12960

13020
13080
13140
13200
13260
13320

13380

13440
13500
13560
13620
13680
13740

13800

13860
13920
13980
14040
14100

14160
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accctcaacg

atcaccaacc
ctcacccceceg
acactccgcec
accaccggcce
cacatcgacc
cagacagggg

geggtcegegg

cacccectggce
ctcgagatcg
ctccaatcac
gcaccggatg
gaggacgcca
gatgaagcca

ccaccgcagg

gecggegegeg
ggcgaggaca
ttcteegtac
gacaaactcc
ggagcgtcga
tggtcggteg

gtcegeeegg

ctcttecgegg
ctggccacgg
gacctggecg
tgcggecegcece
cgcatcctgg
gtcgtactga

g8Cgrgscss

cccactactg

tcacccacca
ccatccaaga
gcaaccacaa
accccatcaa
tacccaccta
atgcggceggce

tggccgaggg

tcgccegatca
cccttcagge
cgctgttcat
agaacgggtg
cgtgggtgceg
tcgcacggct

gegetgtege

gattcgagta
tcttecgecga
acccecgecct
cgcacggegce
ccctgegggt
cggtggtcga

tgtcgacgca

tcgagtgggt
tggggcccag
ccgcagtgct
gcgatgegeg
gtctgetgea
ccegtggtgce

tgtgcggceat

gtaccgaaac

aggccaccac
aaccaccgac
cgacacccac
ctggcacacc
ccecttecaa
cgtcggectg

ggagggctat

caccatcgcc
gggccatcgt
cccggaagag
ccgaagcctg
ccatgccacg
caccgaccca

gttcaccgca

cggeeeggtg
ggtgegectt
gctggacgcece
cctgeegttc
gcgcectcacce
Cggcgagees

ggagttgetg

gaccgcecectg
cgaccgcectce
g8agecggeg
cgccaccgece
ggagtggctg
ggtggccacc

ggtgcgcetcece

ctccgecaac

accttcatcg
accacccaca
caaatcctcc
acccaccaac
caccaccact
gacccggceac

ctgctcaccg

ggegeggttg
gtggactgct
ggagcagtac
acggtgtcect
ggeegggtceg
caaggcgacg

gacgatctgg

ttccgaggcec
cccgacacgg
gcactgcacg
tccttcageg
ccggacggcece
cggeeggtgg

gcggecteceg

gcgecgacct
cccteggceag
gceecggege
gtgcceggagg
gcggacgaga
actccggggg

gcgeagtcegg

ccgtcecacct

aaatcagccc
cceccaccac
acgccctcege
accacacccce
actggctcaa
atcacccgtt

gtcggcetcege

tccteectgg
ggcgceatcga
aggtgcaggc
cccgacgega
gccecgeacce
gagcggcegec

agggcctgta

tgegggeggc
cggacggega
ccgeggecett
gggtgaggct
aggcegegegga
cctcgatcgce

gtacggegeg

cgtcgtcecegt
acgcgtacgc
ccgatgeggt
acgtaaggac
ggeceggectce
aggacgtggc

aacatcccgg

cgccgacgcece

ccaccccacce
cgtcatcagc
ccacgcccac
aaccccccaa
cacccccacce
gctgggegeg

cctgtccacc

aactgccctt
agaactcacc
atgggtggceg
gggtacgtac
ggccgaccag
ggeggtetgg

cgacgggtac

ctggcgacgt
cgccteccag
ccgeecggece
gcacgggccc
cacgcacgca
atcgctcgeg

gcgggactceg

tccgcaacge
gaacctcgcc
cgtggtcgac
cctcacccgg
gagccggatg
ggacctggeg

ccggttegte
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14220

14280
14340
14400
14460
14520
14580

14640

14700
14760
14820
14880
14940
15000

15060

15120
15180
15240
15300
15360
15420

15480

15540
15600
15660
15720
15780
15840

15900
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ctgctggacc
ccggeggcete
cceeggetga
gccgaggceag
atcaccggceg
ggtgtacgac

ctgegggegg

gaccgaggceg
gtggtccacg
ctggacaccg
cacgcceggce
gggcagggcea
gcgceagggcec

accgggcatc

gccacggagg
gtgccecgecce
tccaggatcg
gaccttcgta
atcgtccgca
gacggggcct

cttcaaacga

gctgececteg
gccacggcecea
gtggegeteg
aagatgagca

cagtcggtca

tcgaccccga
tcgeetgtgg
ccegegttcec
ccgacccgga
gcaccggceac
acctcctgcet

aactggccga

cgetggegga
ctgegggegt
cgctgacacc
cgcgegectt
actatgcgge
tgceggectt

tcgaccgcac

acgctctcge
ggctggacct
cceeggeteg
ccegtetege
cccacaccgce
tccgtgaact

ccaccgcecct

ccgatcatct
tggcggcegat
acgacgacac
gtggeegtgt

cggacgatga

<210> 74

<211> 5819

<212> PRT

cceggacctce
tgagccgcag
ggcgtceegtce
caccacgecc
ccttggegeg
ggcatcgega

gctcggegee

tctcatcgceg
cctggacgac
caaggccgac
cgteectgttce
cgccaacgct
gtcgetegeg

cgaccgggcce

gctcttegac
gcggggttcea
tacgacccgg
ggcccaggac
cgeegtectg
gggtttcgac

caccctgecc

gcgtactcag
ggcggagetg
gcgeagegge
cgtcgaccac

gatgttcgag

<213> Artificial Sequence

gacggeggeg
atcgeggtge
ccegtecececeg
acggegttcg
atgctcgcegce
cgcggacceg

gaggtgacgg

gggattccca
gccaccgtceg
geegecttee
tcecteggeceg
ttcctegacg
tggggcectgt

cgcatcaacc

gcegececteg
agcgeegeeg
ggcceggtcecce
gcegeegage
gggcatgaca
tceectegeceg

gcgaccaccg

ctctgeccagg
gccaggetgg
ctcgeggage
gacggeggcg

ctgatcgaca

aagtgccacc
gtgcgaaccg
ggcgtgttce
accccgacgg
gccatctggt
acgcacccgg

tgcgegettg

ccggecacce
cctegetcac
atctgcacga
ccggtgtcect
ccctegecga
gggagcagegg

gctceggact

ccggegatceg
agaccccggce
ccggegeega
agcgcgacac
cggcetgecege
ccgtggaact

tcttcgacca

acgctcagtc
agtccgcecgt
geetgeggtce
gcgetgegga

aggaggtcag

gaccgtcegtt
gcacctggtg
cgttceegec
caccgtagtg
cagccgtcac
cgccaccgag

tgacaccggt

tttgaccggt
ccceccegacac
gctcacccge
cggcgcagec
acaccgcagg
cagcggcatg

cgccecececctce

geegttectg
geegetgttce
gggcgeegcet
gcttctcacg
cgtgeggeceg
ccgtaaccgce

Cccccacceccece

ctcggeggceg
ctccgattcg
cctegeecge
cctggatctt

ccgagactga
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15960
16020
16080
16140
16200
16260

16320

16380
16440
16500
16560
16620
16680

16740

16800
16860
16920
16980
17040
17100

17160

17220
17280
17340
17400
17460

17460
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<220><223>

<400> 74

Met Ala Ala
1

Lys Thr Asn

Ala Arg Glu
35

Gly Val Gly

50
Asp Ala Ile
65

Leu Tyr Asp

Gly Gly Phe

Ile Ser Pro

115

Leu Glu Ile

Ser Val Arg

145

Asp Tyr Gly

Val Gly Asn

mi 1A3

Gly His

5

protein of Streptomyces

Asp Lys Val Ile Glu Ala

10

Glu Arg Gln Arg Glu Gln Ile His

20

Pro Ile

Ser Pro

Gly Thr

Pro Asp

85
Leu Tyr
100

Arg Glu

Ser Trp

Gly Ser

25

Ala Ile Ile Gly Met

40

Glu Asp Leu Trp Glu Leu

55

Phe Pro Glu Asp Arg Gly

70

75

Pro Glu Arg Ala Gly Thr

90

GIn Ala Gly Glu Phe Asp

105

Ala Leu Ala Met Asp Pro

120

Glu Val Phe Glu Arg Ala

135

Arg Thr Gly Val Phe Ala

150

155

Ser Arg Leu His Thr Val Pro Glu

165
Gly Ser

180

170

Gly Gly Gly Val Ala Ser

185

Thr Leu Gly Leu Glu Gly Pro Ala Val Thr

195

200

Ser Ser Leu Val Ala Leu His Leu Ala Cys

210

215

Val

Gln

milbemycinicus

Leu

Arg

Cys

Val

60

Trp

Ser

Pro

Gln

Gly

140

Gly

Gly

Gly

Asp

Ala

220

Arg Ala Ser
15
Leu Thr Thr
30
Arg Tyr Pro
45

Ala Ala Gly

Asp Val Glu

Cys Thr Gln

95

Gly Phe Phe
110

Gln Arg Leu

125

Ile Asp Pro

Val Met Tyr

Phe Glu Gly

175

Arg Val Ala
190

Thr Ala Cys

205

Leu Arg Ala

Glu Cys Ser Leu Ala Leu Ala Gly Gly Val Thr Val Met Ser Thr

225

230

235
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Leu

Arg

Arg
80

His

Leu

His

160

Tyr

Tyr

Ser

Gly

Pro

240
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Ser Leu Phe Val

Arg Cys Lys Ala

260

Gly Ala Gly Met
275
Gly His Arg Val
290
Gly Ala Ser Asn
305

Ala Ile Arg Gln

Asp Ala Val Glu

Glu Ala Gln Ala
355
Arg Pro Leu Trp
370
Ala Ala Ala Gly
385

Ser Gly Thr Leu

Ile Asp Trp Asp
420

Trp Pro Glu Arg

435
Val Ser Gly Thr
450
Ala Pro Gln Thr
465

Ala Pro His Gly

245

Tyr

Leu

Leu

Leu

Leu

Val

Pro

405

Ser

Asp

Asn

Asp

Ala

Tyr Ser Arg

Gly Ala Gly

Leu Val Glu
280
Ala Val Val
295
Leu Thr Ala
310

Leu Ala Ser

His Gly Thr

Leu Ala Thr
360
Gly Ser Met
375
Gly Gly Ile
390

Arg Thr Leu

Gly Ala Val

Arg Pro Arg
440
Ala His Val
455
Ser Ala Ser
470

Pro Gly His

Gln Arg Ala Leu Ala Ala Asp Gly

250
Ala Asp Gly Thr Gly

265

Arg Leu Thr Asp Ala
285
Arg Gly Ser Ala Val
300
Pro Asn Gly Pro Ala
315
Ala Gly Val Ser Ala
330

Gly Thr Arg Leu Gly

345

Tyr Gly Gln Gln Arg
365

Lys Ser Asn Val Gly

380
Ile Lys Met Val Met
395
His Ala Asp Glu Pro
410

Arg Leu Leu Thr Glu

425

Arg Ala Ala Val Ser
445

Ile Leu Glu Ala Ala

460
GIn Ala Glu Thr Asp
475

Ala Val Ala Gly Pro

Trp

270

Asn

Ser

Asp

350

Pro

His

Ser

Pro

430

Ser

Ser

Asp

Leu
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255

Arg Leu

Gln Asp

Gln Arg

320

Glu Val

335

Pro Ile

Ala Asp

Ala Gln

Met Arg

400

Pro His

415

Val Ala

Phe Gly

Gln Thr

Ala Pro

480

Leu Trp
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485
Pro Leu Ser Gly Ala Thr Ala Glu Ala
500 505
Leu Arg Arg Phe Val Ala Ala Asp Glu
515 520
Gly His Thr Leu Val Phe Gly Arg Ser
530 535
Val Leu Gly Ser Asp Arg Glu Thr Leu

545 550

Ala Gly Glu Gly Pro Asp Asp Gly Ser
565
Ala Gly Ala Gly Ala Gly Val Val Phe
580 585
Gln Trp Ala Gly Met Gly Leu Arg Leu
595 600
Ala Glu Arg Met Ala Glu Cys Glu Ala
610 615

Trp Ser Leu Leu Asp Val Leu Arg Arg

625 630
Glu Arg Ala Asp Val Val Gln Pro Met
645
Leu Ala Gln Leu Trp Arg Ser Tyr Gly
660 665

Gly His Ser Gl

5
o
=
o
=
o

Ala Ala
675 680
Thr Leu Asp Asp Ala Ala Lys Val Val

690 695

GIn Thr Leu Arg Gly Ser Gly Gly Met

705 710

Asp Glu Val Thr Gly Leu Leu Arg Thr
725

Val Ala Ala Val Asn Ala Pro Thr Ala

490

Leu

Leu

Asp

Leu

Val
570

Val

Leu

Asp

Leu
650

Val

Ala
730

Thr

Arg

Leu

Leu

Arg

555

Val

Phe

Leu

Pro

635

Phe

Glu

His

Leu

Ser
715

Trp

Val

495
Ala Gln Ala Gly
510
Arg Pro Ala Asp
525
Ala His Arg Ala
540

Ala Leu Asp Thr

Arg Gly Met Ala
575

Pro Gly Gln Gly

590
Thr Ser Ser Phe
605
Ala Pro Tyr Ala
620

Gly Asp Pro Val

Ser Val Met Val
655
Pro Asp Ala Val
670
Ile Cys Gly Ala
685
Arg Ser Arg Ala

700

Val Pro Leu Pro

Pro Asp Arg Leu
735

Ile Ser Gly Asp
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Glu

Val

Val

Leu

560

Phe

Asp

Trp

640

Ser

Leu

Leu

Leu

720

Trp

Ala
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Asp

Thr

Val

Thr

Asp
865

Arg

Leu

Arg

His

740
Ser Leu Ala Glu
755

Lys Arg Val Pro

770

Val Glu GIn Glu

Ala Asp Ile Pro

805

Met Gly Leu Asp
820

Arg Phe Ala Glu

835

Tyr Val Glu Val
850

Thr Thr Glu Ala

Arg Gly Glu Asp

885

His Ile His Gly
900

Ala Pro Glu Ala

915
Arg Arg Tyr Trp
930

Ala Gly Leu Ala

Leu Ala Glu Gly
965
Thr His Pro Trp

980

Ala Leu Glu
760

Val Asp Tyr

775
Leu Leu Gly
790

Phe Tyr Ser

Ala Arg Tyr

Ala Leu Arg

840

Gly Pro His

855
Ala Gly Val
870

Asp Ala His

Leu Pro Val

Asn His Val

920
Leu Asp Ala
935
Pro Val Gly
950

Asp Gly Tyr

Leu Thr Asp

745

His Tyr Arg

Ala Ser His

Leu Leu Arg
795
Thr Val Asp
810
Trp Tyr Arg
825

Ala Leu Gly

Pro Thr Leu

Ala Ala Thr
875
Arg Ile Leu
890
Ala Trp Asp
905

Asp Leu Pro

Pro Ala Thr

His Pro Leu

955

Leu Leu Thr
970

His Ala Val

985

750
Asp Gln Gly
765

Cys Pro His

780

Gly Ile Ala

Asn Gln Trp

Asn Leu Arg

830

845

Thr Pro Ala
860

Val Val

Thr Ser Leu

Arg His Tyr

910

Thr Tyr Ala

925
Thr Gly Asp
940

Leu Gly Ala

Gly Arg Leu

Ala Gly Thr
990
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Val

Pro

815

Arg

Tyr

Ser

895

Arg

Phe

Val

975

Val

Arg

800

Asp

Pro

Arg

Leu
880

Arg

Thr

Val

960

Pro

Leu
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Leu Pro Gly Thr Ala Tyr Val Glu Leu Ala Val His Val Gly Gly His
995 1000 1005
Leu Gly Cys Pro Arg Leu Glu Glu Leu Thr Leu His Ala Pro Leu Val
1010 1015 1020
Leu Pro Asp Thr Gly Gly Val Ala Leu GIn Val Ala Val Gly Ala Pro
1025 1030 1035 1040
Asp Glu Thr Gly Arg Arg Ala Leu Ser Val Tyr Ala Gln Arg Asp Asp
1045 1050 1055

Asp Pro Ala Trp Glu Gly Ala Ala Arg Gly Ala Trp Thr Arg His Ala

1060 1065 1070
Thr Gly Thr Leu Ala Ala Glu Ala Pro Thr Asp Gly Ile Ser Gly Ala
1075 1080 1085
Asp Gly Ala Gly Thr Leu Ala Gly Ala Trp Pro Pro Pro Gly Ala Glu
1090 1095 1100
Pro Leu Asp Ile Ser Gly Leu Tyr Asp Thr Leu Ala Ala Ala Asp Phe
1105 1110 1115 1120
Gly Tyr Gly Pro Ala Phe Gln Gly Leu Arg Ala Val Trp Arg Gln Gly

1125 1130 1135

Glu Glu Thr Tyr Ala Glu Val Arg Leu Pro Asp Gln Val Ala Ala Asp
1140 1145 1150
Ala Pro Arg Phe Cys Leu His Pro Ala Leu Leu Asp Ala Ala Leu His
1155 1160 1165
Pro Leu Ala Leu Asp Ser Gly Arg Ser Glu Glu Asn Pro Ala Gly His
1170 1175 1180
Gly Leu Leu Pro Phe Ala Trp Arg Gly Val Ser Leu Arg Ser Pro Gly
1185 1190 1195 1200

Thr Pro Thr Leu Arg Val Arg Leu Arg Pro Gln Gly Pro Asp Ser Ile

1205 1210 1215
Ala Val Asp Val Ala Asp Glu Thr Gly Ala Pro Val Ala Ser Ala Glu
1220 1225 1230
Ser Leu Thr Leu Arg Pro Val Ala Leu Glu Asp Leu Arg Ala Leu Gly

1235 1240 1245
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Gly Gln Ala Gly Asp Thr Leu Tyr Ala Leu Glu Trp Thr Ala Ala Pro
1250 1255 1260
Glu Pro Pro Ala Thr Ala Leu Gly Arg Cys Ala Val Ile Gly Gln Ala

1265 1270 1275 1280

Ile Pro Gly Trp Ala Ala Ala Leu Glu Thr Ala Ala Ala Gly Pro Val
1285 1290 1295
Arg Arg Tyr Pro Asp Leu Ala Gly Leu Val Thr Ala Leu Asp Ala Gly
1300 1305 1310
Asp Pro Pro Pro Asp Leu Val Phe Val Gly Cys Pro Pro Ala Ala Ala
1315 1320 1325
Gly Pro Asp Asp Thr Thr Val Ala Asp Val His Thr Ala Arg Thr Arg
1330 1335 1340

Val Arg Thr Arg Gln Ala Leu Asp Leu Leu Gln Gly Trp Leu Gly Glu

1345 1350 1355 1360
Ala Arg Leu Ala Gly Ala Arg Leu Val Leu Val Thr Cys Gly Ala Val
1365 1370 1375
Ala Thr Gly Pro Ala Glu Gly Val Met Asp Leu Ala Gly Ala Ala Ile
1380 1385 1390
Cys Gly Leu Val Arg Ser Ala Gln Ala Glu Glu Pro Asp Arg Ile Leu
1395 1400 1405
Leu Val Asp Leu Asp Ala Ala Glu Glu Ser Trp Ala Ala Leu Pro Arg

1410 1415 1420

Ala Val Ala Leu Gly Glu Pro Gln Met Ala Ile Arg Ala Gly Gln Pro
1425 1430 1435 1440
His Met Ala Arg Leu Val Arg Ala Asp Thr Glu Gly Gly Ala Leu Leu
1445 1450 1455
Thr Pro Pro Gln Gly Ser Gly Gly Trp Arg Leu Asp Cys Ala Asp Ala
1460 1465 1470
Gly Thr Val GIn Gly Leu Ala Pro Val Ala Ser Ser Ala Asp Arg Asp
1475 1480 1485

Pro Leu Gly Pro His Gln Val Arg Ile Glu Val Arg Ala Ala Gly Leu
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1490 1495 1500
Asn Phe Arg Asp Val Leu Val Ala Leu Gly Met Val Pro Gly Gln Arg
1505 1510 1515 1520
Gly Leu Gly Ser Glu Gly Ala Gly Val Val Leu Glu Ala Gly Pro Glu
1525 1530 1535
Val Ala Asp Leu Ala Pro Gly Asp Arg Val Met Gly Val Phe Ala Asp
1540 1545 1550
Ala Phe Gly Pro Phe Ala Ile Ala Asp Arg Ala Thr Val Ile Arg Val

1555 1560 1565

Pro Asp His Trp Thr Phe Gly Gln Ala Ala Ala Val Pro Val Val Phe
1570 1575 1580
Ala Thr Ala Tyr Tyr Gly Leu Val Asp Leu Ala Gly Leu Arg Pro Gly
1585 1590 1595 1600
Glu Ser Val Leu Val His Ala Ala Ala Gly Gly Val Gly Leu Ala Ala
1605 1610 1615
Val Gln Leu Ala Arg His Leu Gly Ala Glu Val Tyr Ala Thr Ala Ser
1620 1625 1630

Pro Gly Lys Trp Asp Thr Leu Arg Ala His Gly Ile Pro Pro Glu Arg

1635 1640 1645
Ile Ala Ser Ser Arg Thr Leu Asp Phe Glu Ser Arg Phe Thr Gly Arg
1650 1655 1660
Asn Ile Asp Val Val Leu Asn Ser Leu Ala His Glu Tyr Val Asp Ala
1665 1670 1675 1680
Ser Leu Arg Leu Val Ser Gly Asp Ser Gly Arg Phe Leu Glu Met Gly
1685 1690 1695
Lys Thr Asp Leu Arg Asp Pro Glu Glu Val Ala Gln Ala Tyr Pro Gly

1700 1705 1710

Val Ala Tyr Arg Ala Tyr Asp Leu Met Glu Ala Gly Pro Glu Arg Ile
1715 1720 1725
Gly Glu Ile Leu Arg Thr Val Leu Arg Leu Phe Asp Glu Gly Val Leu
1730 1735 1740

Thr Pro Leu Pro Leu Thr Cys Trp Asp Ile Arg Gln Ala Arg Asp Ala
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1745 1750 1755 1760
Phe Arg Gln Leu Gln Gln Gly Arg Thr Val Gly Lys Asn Val Leu Thr
1765 1770 1775

Leu Asp Arg Thr Pro Asp Pro Asp Gly Thr Val Leu Ile Thr Gly Gly

1780 1785 1790
Thr Gly Thr Leu Gly Ala Ala Leu Ala Arg His Leu Ala Ala Thr Gly
1795 1800 1805
Arg Ala Arg His Leu Leu Leu Ile Ser Arg Arg Gly Leu Asp Ala Pro
1810 1815 1820
Gly Ala Pro Glu Leu Ile Ala Glu Ile Asp Glu Leu Gly Ala Thr Ala
1825 1830 1835 1840
Thr Val Ala Thr Cys Asp Val Gly Asp Arg Ala Ala Leu Ala Glu Leu

1845 1850 1855

Leu Gly Arg Ile Pro Ala Glu His Pro Leu Thr Ala Val Val His Ala
1860 1865 1870
Ala Gly Thr Leu Asp Asp Ala Thr Leu Gly Ser Leu Thr Ala Arg His
1875 1880 1885
Leu Asp Thr Val Leu Pro Ala Lys Ala Asp Ala Ala Trp His Leu His
1890 1895 1900
Asp Leu Thr Cys Arg Leu Asp Leu Ala Ala Phe Val Leu Phe Ser Ser
1905 1910 1915 1920

Ala Ala Gly Val Leu Gly Ser Pro Gly Gln Gly Asn Tyr Ala Ala Ala

1925 1930 1935
Asn Ala Phe Leu Asp Ala Leu Ala Phe Gln Arg Arg Ala Met Gly Leu
1940 1945 1950
Pro Ala Val Ser Leu Ala Trp Gly Leu Trp Glu Glu Ala Ser Gly Met
1955 1960 1965
Thr Gly His Leu Asp Gln Thr Asp Arg Thr Arg Met Ala Arg Val Gly
1970 1975 1980
Leu Arg Pro Leu Ala Thr Asp Glu Ala Leu Ala Leu Phe Asp Asn Ala

1985 1990 1995 2000
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Leu Val Asp Gly Pro Pro Leu Leu Leu Pro Ala Arg Ile Asp Thr Lys
2005 2010 2015
Ala Leu Arg Gly Thr Thr Ala Pro Pro Leu Phe Gln Ser Leu Val Arg
2020 2025 2030
Pro Thr Thr Gly His Arg Pro Arg Pro Ala Thr Pro Asp Gly Arg Ser
2035 2040 2045
Ser Leu Arg Ala Arg Leu Ala Gly Leu Asp Pro Ala Ala Gln His Glu
2050 2055 2060

Val Leu Leu Thr Leu Val Arg Gly His Ala Ala Thr Val Leu Gly His

2065 2070 2075 2080
Pro Ser Pro Asp Ala Ile Ala Arg Glu Ala Ala Phe Arg Asp Leu Gly
2085 2090 2095
Phe Asp Ser Leu Thr Ala Val Glu Leu Arg Asn Arg Leu Lys Glu Ala
2100 2105 2110
Thr Gly Leu Arg Leu Pro Ala Thr Ile Val Phe Asp His Pro Thr Pro
2115 2120 2125
Ala Ala Leu Ala Gln His Leu Arg Asp Gly Leu Ile Gly Gly Ala Asp

2130 2135 2140

Thr Val Thr Leu Ala Ala Ala Pro Ala Pro Ser Lys Val Ala Met Val
2145 2150 2155 2160
Ala Asp Glu Ala Ile Ala Ile Ile Gly Met Ala Cys Arg Tyr Pro Gly
2165 2170 2175
Gly Val Arg Ser Ala Glu Gly Leu Trp Asp Leu Val Ala Ser Gly Thr
2180 2185 2190
Asp Ala Met Ser Gly Phe Pro Ser Asp Arg Gly Trp Asp Leu Asp Arg
2195 2200 2205

Leu Tyr Ala Pro GIn Asp Gln Asp Val Pro Gly Thr Thr Tyr Thr Arg

2210 2215 2220
His Gly Gly Phe Leu His Asp Ala Gly Lys Phe Asp Ala Gly Phe Phe
2225 2230 2235 2240
Gly Ile Gly Pro Arg Glu Ala Leu Ala Met Asp Pro Gln Gln Arg Leu

2245 2250 2255
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Leu Leu Glu Thr Ser Trp Glu Val Phe Glu His Ala Gly Ile Asp Pro
2260 2265 2270
Ser Ser Val Arg Arg Ser Arg Thr Gly Val Phe Ala Gly Val Met Pro

2275 2280 2285

Thr Asp Tyr Gly Pro Arg Leu Gln Asp Thr Val Ala Glu Val Glu Gly
2290 2295 2300
Tyr Val Leu Thr Gly Asn Ser Gly Ser Val Ala Ser Gly Arg Ile Ala
2305 2310 2315 2320
Tyr Thr Phe Gly Leu Glu Gly Pro Ala Val Ser Val Asp Thr Ala Cys
2325 2330 2335
Ser Ser Ser Leu Val Ala Leu His Leu Ala Cys Gln Ala Leu Arg Ala
2340 2345 2350

Gly Glu Cys Ser Met Ala Leu Ala Gly Gly Val Thr Val Met Ala Thr

2355 2360 2365
Pro Gly Ala Phe Val Glu Phe Ala Arg Gln Arg Gly Leu Ser Val Asp
2370 2375 2380
Gly Arg Cys Lys Ala Phe Gly Val Gly Ala Asp Gly Thr Gly Trp Ala
2385 2390 2395 2400
Glu Gly Val Gly Met Leu Leu Val Glu Arg Leu Ser Asp Ala Arg Arg
2405 2410 2415
Leu Gly His Arg Val Leu Ala Val Val Arg Gly Ser Ala Val Asn Gln

2420 2425 2430

Asp Gly Ala Ser Asn Gly Leu Thr Ala Pro Asn Gly Pro Ser Gln Gln
2435 2440 2445
Arg Val Ile Arg Gln Ala Leu Ala Ser Ala Arg Val Gly Gly Ala Asp
2450 2455 2460
Val Asp Val Val Glu Gly His Gly Thr Gly Thr Arg Leu Gly Asp Pro
2465 2470 2475 2480
Ile Glu Ala Gln Ala Leu Leu Ala Thr Tyr Gly Gln Glu Arg Val Gly
2485 2490 2495

Asp Gly Ser Leu Trp Leu Gly Ser Val Lys Ser Asn Ile Gly His Ala
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2500 2505 2510
GIn Ala Ala Ala Gly Val Ala Gly Val Ile Lys Met Val Met Ala Met
2515 2520 2525
Arg Tyr Gly Val Leu Pro Arg Thr Leu His Val Gln Glu Pro Ser Pro
2530 2535 2540
His Val Asp Trp Ser Ser Gly Gly Val Arg Leu Leu Thr Glu Ala Val
2545 2550 2555 2560
Pro Trp Pro Glu Thr Gly Arg Ala Arg Arg Ala Gly Val Ser Ser Phe

2565 2570 2575

Gly Val Ser Gly Thr Asn Ala His Ile Ile Leu Glu Gln Ala Pro Pro
2580 2585 2590
Glu Glu His Asp Asp Pro Ala Asp Val Ser Ser Gly Ser Phe Pro Trp
2595 2600 2605
Met Val Ser Ala Lys Ser Glu Gln Ala Leu Gln Ala Gln Ala Ala Gln
2610 2615 2620
Leu Arg Ala Tyr Leu Ala Ala His Pro Glu Leu Gly Leu Ala Asp Val
2625 2630 2635 2640

Gly Tyr Ala Leu Ala Ser Gly Arg Thr Ala Phe Gly His Arg Ala Val

2645 2650 2655
Leu Leu Gly Pro Asp Arg Glu Ala Phe Val Glu Glu Leu Gly Ala Leu
2660 2665 2670
Glu Ala Gly Glu Glu His Ala Gly Leu Val Arg Gly Val Ala Thr Gly
2675 2680 2685
Ala Gly Lys Leu Ala Phe Val Cys Ser Gly Gln Gly Thr GIn Arg Pro
2690 2695 2700
Arg Met Gly His Gly Leu Tyr Tyr Ala Phe Pro Leu Phe Ala Ala Ala

2705 2710 2715 2720

Met Asp Glu Ala Cys Ala His Leu Asp Pro His Leu Asp His Pro Leu
2725 2730 2735
Arg Asp Val Met Phe Ala Glu Pro Gly Thr Asp Thr Ala Gln Leu Leu
2740 2745 2750

His Gln Thr Arg Tyr Ala GIn Pro Ala Leu Phe Ala Leu GIn Ile Ala
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2755 2760 2765
Leu His Arg Leu Val Thr Glu His His Gly Leu Thr Pro His Tyr Tyr
2770 2775 2780

Ala Gly His Ser Leu Gly Glu Ile Thr Ala Ala His Leu Ala Gly Ile

2785 2790 2795 2800
Leu Thr Leu Pro Asp Ala Ala Arg Leu Val Thr Thr Arg Ala Arg Leu
2805 2810 2815
Met Gln Ser Leu Pro Ala Thr Gly Ala Met Thr Thr Leu GIn Ala Asp
2820 2825 2830
Pro Asp Glu Leu His Glu His Leu Thr Arg Cys Glu Gly Arg Val Ser
2835 2840 2845
Leu Ala Ala Val Asn Ala Pro Gly Ser Val Val Ile Ser Gly Asp Arg

2850 2855 2860

His Asp Val Asp Ala Thr Ala Glu Asn Leu Arg Ala Met Gly Arg Lys
2865 2870 2875 2880
Thr Thr Ala Leu Lys Val Ser Gly Ala Phe His Ser His His Ile Asp
2885 2890 2895
Pro Leu Leu Asn Glu Leu Arg Asn Thr Ala Glu Thr Leu Thr Tyr His
2900 2905 2910
Pro Pro His Thr Pro Leu Ile Thr Thr Asn Pro Thr Asp His Asp Pro
2915 2920 2925

Thr Thr Pro His Tyr Trp Val Arg Gln Ala Arg Glu Thr Val His Tyr

2930 2935 2940
Ala His Thr Thr Gln Gln Leu His Thr His Gly Val Thr Ala Tyr Leu
2945 2950 2955 2960
Glu Leu Gly Pro Asp His Thr Leu Thr Ala Leu Thr His His Asn Leu
2965 2970 2975
Pro Asp His Thr Pro Leu Ala Val Pro Leu Leu His Pro Asp Gln Ser
2980 2985 2990
Glu Thr His Thr Thr His Thr Ala Leu Ala His Leu His Thr His Gly

2995 3000 3005
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His Pro Thr Thr Trp His His His His Thr Pro Thr His Tyr His Pro
3010 3015 3020
Asn Leu Pro Thr Tyr Pro Phe Gln His His His Tyr Trp Leu Asn Thr
3025 3030 3035 3040
Thr Thr Ala Thr Gly Asp Met Ser Ala Ala Gly Leu Glu Pro Ala Arg
3045 3050 3055
His Pro Leu Leu Gly Ala Ala Val Gly Leu Ala Asp Gly Glu Gly Leu
3060 3065 3070

Leu Phe Thr Gly Arg Ile Ser Leu Arg Thr His Pro Trp Leu Ala Asp

3075 3080 3085
His Ala Val Gly Gly Ala Val Leu Leu Pro Gly Thr Ala Phe Leu Glu
3090 3095 3100
Leu Ala Leu Gln Ala Ala Ala His Ala Asp Cys Arg Arg Val Glu Glu
3105 3110 3115 3120
Leu Thr Leu His Thr Pro Leu Val Val Pro Asp Ser Ala Gly Val Val
3125 3130 3135
Leu Gln Val Thr Val Ala Ala Pro Asn Glu Ala Gly Asn Arg Ala Val

3140 3145 3150

Asp Ile Tyr Ser Arg Ile Asp Val Gly Gly Leu Thr Ala Asp Ser Ala
3155 3160 3165
Gly Glu Pro Trp Thr Arg His Ala Ala Gly Tyr Leu Ala Asp Lys Pro
3170 3175 3180
Asp Pro Asp Cys Gly Asp Ser Ala Asp Gly Val Met Pro Ala Gly Ala
3185 3190 3195 3200
Trp Pro Pro Pro Gly Ala Val Ala Val Asp Leu Glu Gly Leu Tyr Glu
3205 3210 3215

GIn Leu Ala Glu Gly Gly Phe His Tyr Gly Ala Ala Phe Arg Cys Leu

3220 3225 3230
Asp Ala Ala Trp Gln Arg Gly Asp Glu Val Phe Ala Thr Ala Tyr Met
3235 3240 3245
Ser Glu Asp Gln Leu Gly Asp Thr Ala Ala Ala Arg Phe Ala Leu His

3250 3255 3260
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Pro Ala Leu Leu Asp Ser Ala Leu His Thr Ile Pro Leu Leu Pro Ser
3265 3270 3275 3280
Leu Arg Gly Gln Gln Asp Ser Gly Leu Pro Phe Thr Trp Thr Gly Val

3285 3290 3295

Thr Leu Arg Ala Ser Gly Ala Thr Ala Leu Arg Val Arg Leu Arg Pro
3300 3305 3310
Asp Gly His Gly Pro Gly Ala Val Ser Val Asp Val Ser Asp Glu Ala
3315 3320 3325
Gly Glu Pro Val Ala Ser Val Arg Ser Leu Ala Leu Arg Pro Val Thr
3330 3335 3340
Arg Ala Glu Leu His Thr Ala Glu Leu Arg Thr Ala Ala Pro Val Ala
3345 3350 3355 3360

Pro His Gly Ser Leu Phe Glu Val Arg Trp Glu Pro Val Pro Gln Pro

3365 3370 3375
Ser Ala Ala Glu Glu Ala Ala Pro Trp Val Met Ile Gly Thr Gly Pro
3380 3385 3390
Thr Leu Arg Pro Val Glu Asp Phe Val Thr Pro Pro Glu Arg Thr Tyr
3395 3400 3405
Ala Asp Leu Ala Ala Leu Cys Val Ala Ile Ala Asp Asp Ala Pro Val
3410 3415 3420
Pro Arg Thr Val Val Ala Trp Ser Pro Ala Gly Ser Glu Asp Glu Ser

3425 3430 3435 3440

Ser Glu Ala Leu Arg Gln Ala Thr His His Met Leu Gly Leu Leu Gln
3445 3450 3455
GIn Trp Leu Ala Asp Ser Arg Phe Ala Asp Ser Arg Leu Val Ile Leu
3460 3465 3470
Thr Arg Ala Ala Val Ala Thr Ala Pro Asp Glu Glu Val Glu Asp Leu
3475 3480 3485
Ala Gly Ala Ala Ala Arg Gly Leu Ile Arg Ser Ala Gln Ser Glu His
3490 3495 3500

Pro Asp Arg Phe Val Leu Leu Asp Leu Asp Asp Arg Pro Ala Asp Ala
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3505 3510 3515 3520
Lys Asp His Asp Arg Met Leu Ser Met Ala Leu Ala Cys Gly Glu Pro
3525 3530 3535
Glu Val Ala Val Arg Asp Gly Ala Leu Arg Thr Pro Arg Leu Ser Pro
3540 3545 3550
Leu Ala Gly Thr Ala Thr Glu Ala Met Asp Glu His Pro Trp Asp Gln
3555 3560 3565
Asp Gly Thr Val Leu Ile Thr Gly Gly Thr Gly Ser Leu Gly Ala Met

3570 3575 3580

Leu Ala Arg His Leu Val Ala Thr His Gly Val Arg His Leu Met Leu
3585 3590 3595 3600
Ile Ser Arg Arg Gly Leu Asp Ala Pro Gly Ala Arg Arg Leu Gly Val
3605 3610 3615
Glu Leu Ala Glu Leu Gly Ala Gln Val Thr Ile Thr Ala Cys Asp Ala
3620 3625 3630
Ala Asp Gln Arg Gln Leu Ala Asn Val Leu Ser Glu Ile Ser Val Asp
3635 3640 3645

His Pro Leu Thr Ala Val Val His Ala Ala Gly Val Leu Asp Asp Gly

3650 3655 3660
Val Ile Thr Ser Leu Thr Pro Glu Gly Leu Thr His Val Leu Arg Ala
3665 3670 3675 3680
Lys Val Asp Ser Ala Leu Asn Leu His Gln Leu Thr Arg Asp Leu Pro
3685 3690 3695
Leu Ser Ala Phe Val Leu Phe Ser Ser Leu Ala Gly Val Met Gly Ser
3700 3705 3710
Ala Gly GIn Gly Asn Tyr Ala Ala Ala Asn Ala Ala Leu Asp Ala Leu

3715 3720 3725

Ala Ser His Arg Arg Ala Ala Arg Leu Pro Ala Val Ser Leu Ala Trp
3730 3735 3740

Gly Val Trp Glu GIn Thr Glu Gly Met Thr Gly Gln Leu Glu Ala Thr

3745 3750 3755 3760

Asp His Ala Arg Leu Arg Arg Ser Gly Leu Arg Pro Leu Ala Ile Ser
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3765 3770 3775
Glu Gly Leu Glu Leu Phe Asp Lys Ala Leu Ser Cys Gly His Ala Leu
3780 3785 3790

Val Val Pro Ala Ala Leu Ser Thr Arg Glu Leu Gln Thr Ser Gly Ser

3795 3800 3805
Val Pro Pro Phe Leu Arg His Leu Thr Gly Val Ala Pro Ala Arg Pro
3810 3815 3820
Ser Arg Thr Arg Asp Ala Ser Ala Gly Glu Pro Thr Ser Leu Arg Arg
3825 3830 3835 3840
Arg Leu Thr Gly Leu Gly Pro Glu Glu Arg Leu Arg Glu Val Leu Arg
3845 3850 3855
Leu Val Arg Ser Arg Ala Ala Ala Val Leu Gly His Gly Thr Ala Glu

3860 3865 3870

Ser Val Pro Ala Asp Ser Ala Phe Arg Asp Leu Gly Phe Asp Ser Leu
3875 3880 3885
Ala Ala Val Asp Leu Arg Asn Arg Leu Gln Gln Ala Thr Gly Leu Arg
3890 3895 3900
Leu Pro Ala Gly Leu Ile Phe Asp Arg Pro Arg Pro Asp Val Leu Ala
3905 3910 3915 3920
Arg Phe Leu Cys Asp Glu Leu Ala Gly Ala Gly Gly Thr Ser Ala Ala
3925 3930 3935

Thr Ala Ala Pro Pro Val Ala Ala Val Gly Gly Ala Ala Gly Glu Pro

3940 3945 3950
Val Ala Ile Val Gly Met Ala Cys Arg Phe Pro Gly Gly Val Arg Ser
3955 3960 3965
Ala Glu Gly Leu Trp Asp Leu Val Ala Ser Gly Met Asp Ala Val Gly
3970 3975 3980
Asp Phe Pro Ala Asp Arg Gly Trp Glu Val Glu Arg Leu Tyr Asp Pro
3985 3990 3995 4000
Asp Pro Asp Arg Thr Gly Thr Ser Tyr Thr Arg Gln Gly Gly Phe Leu

4005 4010 4015
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Tyr Asp Ala Gly Glu Phe Asp Ala Ala Phe Phe Gly Ile Gly Pro Arg
4020 4025 4030
Glu Ala Val Ala Met Asp Pro Gln Gln Arg Leu Leu Leu Glu Ile Ser
4035 4040 4045
Trp Glu Ala Leu Glu Arg Ala Gly Ile Asp Pro Ala Ser Leu Arg Gly
4050 4055 4060
Ser Ser Thr Gly Val Phe Ala Gly Val Met Tyr His Asp Tyr Gly Thr
4065 4070 4075 4080

Arg Leu Arg Glu Ile Pro Glu Gly Tyr Glu Gly Tyr Ile Gly Asn Gly

4085 4090 4095
Asn Ala Gly Ser Val Ala Ser Gly Arg Val Ala Tyr Thr Phe Gly Leu
4100 4105 4110
Glu Gly Pro Ala Val Thr Val Asp Thr Ala Cys Ser Ser Ser Leu Val
4115 4120 4125
Ala Leu His Leu Ala Cys Gln Ala Leu Arg Ser Gly Glu Cys Ser Met
4130 4135 4140
Ala Leu Ala Gly Gly Val Thr Val Met Ser Thr Pro Thr Thr Phe Val

4145 4150 4155 4160

Glu Phe Ser Arg Gln Arg Gly Leu Ala Pro Asp Gly Arg Cys Lys Ser
4165 4170 4175
Phe Gly Ala Gly Ala Asp Gly Thr Gly Trp Ala Glu Gly Ala Gly Met
4180 4185 4190
Leu Leu Val Glu Arg Leu Ser Asp Ala Arg Arg Asn Gly His Arg Val
4195 4200 4205
Leu Ala Val Val Arg Gly Ser Ala Val Asn Gln Asp Gly Ala Ser Asn
4210 4215 4220

Gly Leu Thr Ala Pro Asn Gly Pro Ser Gln Glu Arg Val Ile Arg Gln

4225 4230 4235 4240

Ala Trp Ala Asn Ala Gly Val Ala Ala Met Asp Ile Asp Ala Val Glu
4245 4250 4255

Gly His Gly Thr Gly Thr Thr Leu Gly Asp Pro Ile Glu Ala Gln Ala

4260 4265 4270
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Leu Leu Gly Thr Tyr Gly Gln Gly Arg Ser Ala Asp Arg Pro Leu Trp
4275 4280 4285
Leu Gly Ser Ile Lys Ser Asn Val Gly His Thr Gln Ala Ala Ala Gly

4290 4295 4300

Val Gly Gly Val Ile Lys Met Val Met Ala Met Arg His Gly Leu Leu
4305 4310 4315 4320
Pro Gln Thr Leu His Ala Glu Glu Pro Ser Pro His Val Asp Trp Ser
4325 4330 4335
Gly Gly Thr Val Arg Leu Leu Thr Glu Ser Val Ala Trp Pro Glu Gln
4340 4345 4350
Gly Arg Met Arg Arg Ala Gly Val Ser Ser Phe Gly Val Ser Gly Thr
4355 4360 4365

Asn Ala His Val Ile Leu Glu Gln Ala Pro Pro Ala Ala Glu Thr His

4370 4375 4380
Glu Pro Ala Glu Pro Asn Thr Ala Pro Gly Pro Leu Pro Trp Ala Ile
4385 4390 4395 4400
Ser Ala Lys Ser Pro Gln Ala Leu Arg Ala Gln Ala Arg Gln Leu His
4405 4410 4415
Thr Tyr Leu Thr Asn Ala Pro Glu Ala Asn Pro Ala Asp Val Gly His
4420 4425 4430
Thr Leu Ala Thr Gly Arg Ala Ser Phe Glu His Arg Ala Val Val Ile

4435 4440 4445

Gly Ser Asp Arg Ala Glu Phe Leu Gly Gly Leu Asp Ala Leu Ala Ala
4450 4455 4460
Asp Glu Ala His Thr Ala Val Val Thr Gly Ile Ala Arg Lys Ala Gly
4465 4470 4475 4480
Asp Gln Gly Lys Val Val Phe Val Phe Pro Gly Gln Gly Gly Gln Trp
4485 4490 4495
Ala Gly Met Gly Leu Arg Leu Leu Lys Thr Ser Pro Val Phe Ala Gln
4500 4505 4510

Ser Ile GIn Ala Cys Glu Gln Ala Leu Ala Pro His Thr Asp Trp Thr
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4515 4520 4525
Leu Thr Asp Ile Leu His Arg Pro His Thr Asp Pro Leu Trp Gln Arg
4530 4535 4540
Ala Asp Val Ile Gln Pro Val Leu Phe Ala Leu Met Thr Ser Leu Ala
4545 4550 4555 4560
Ala Leu Trp Gln Ser His Gly Leu Asn Pro Asp Ala Val Ile Gly His
4565 4570 4575
Ser Gln Gly Glu Ile Thr Ala Ala His Ile Ser Gly Ala Leu Ser Leu

4580 4585 4590

Glu Asp Ala Ala Lys Thr Val Ala Leu Arg Ser Arg Ala Leu Gln Thr
4595 4600 4605
Leu Arg Gly Ser Gly Gly Met Ala Ser Val Pro Leu Pro Ala Asp Gln
4610 4615 4620
Val Thr Gly Leu Leu Gln Thr Met Trp Pro Asp Arg Leu Trp Val Ala
4625 4630 4635 4640
Ala Val Asn Ala Pro Thr Ala Thr Val Ile Ser Gly Asn Ala Glu Ala
4645 4650 4655

Leu Thr Gln Ala Leu Glu His Tyr Arg Asp Gln Gly Val Asp Ala Lys

4660 4665 4670
Arg Ile Pro Val Asp Tyr Ala Ser His Cys Pro His Ile Gln Ala Val
4675 4680 4685
Glu Gln Glu Leu Ser Arg Leu Leu Arg Gly Ile Thr Pro Arg Ala Ala
4690 4695 4700
Thr Thr Pro Phe Tyr Ser Thr Thr Asp Asn Gln Trp Thr Asp Thr Thr
4705 4710 4715 4720
Thr Leu Asn Ala His Tyr Trp Tyr Arg Asn Leu Arg Gln Pro Val His

4725 4730 4735

Leu Ala Asp Ala Ile Thr Asn Leu Thr His Gln Gly His His Thr Phe
4740 4745 4750
Ile Glu Ile Ser Pro His Pro Thr Leu Thr Pro Ala Ile Gln Glu Thr
4755 4760 4765

Thr Asp Thr Thr His Thr Pro Thr Thr Val Ile Ser Thr Leu Arg Arg
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4770 4775 4780
Asn His Asn Asp Thr His Gln Ile Leu His Ala Leu Ala His Ala His
4785 4790 4795 4800

Thr Thr Gly His Pro Ile Asn Trp His Thr Thr His GIn His His Thr

4805 4810 4815
Pro Thr Pro Gln His Ile Asp Leu Pro Thr Tyr Pro Phe GIn His His
4820 4825 4830
His Tyr Trp Leu Asn Thr Pro Thr Gln Thr Gly Asp Ala Ala Ala Val
4835 4840 4845
Gly Leu Asp Pro Ala His His Pro Leu Leu Gly Ala Ala Val Ala Val
4850 4855 4860
Ala Glu Gly Glu Gly Tyr Leu Leu Thr Gly Arg Leu Ala Leu Ser Thr

4865 4870 4875 4880

His Pro Trp Leu Ala Asp His Thr Ile Ala Gly Ala Val Val Leu Pro
4885 4890 4895
Gly Thr Ala Leu Leu Glu Ile Ala Leu Gln Ala Gly His Arg Val Asp
4900 4905 4910
Cys Trp Arg Ile Glu Glu Leu Thr Leu Gln Ser Pro Leu Phe Ile Pro
4915 4920 4925
Glu Glu Gly Ala Val Gln Val Gln Ala Trp Val Ala Ala Pro Asp Glu
4930 4935 4940

Asn Gly Cys Arg Ser Leu Thr Val Ser Ser Arg Arg Glu Gly Thr Tyr

4945 4950 4955 4960
Glu Asp Ala Thr Trp Val Arg His Ala Thr Gly Arg Val Gly Pro Ala
4965 4970 4975
Pro Ala Asp Gln Asp Glu Ala Ile Ala Arg Leu Thr Asp Pro Gln Gly
4980 4985 4990
Asp Gly Ala Ala Ala Ala Val Trp Pro Pro Gln Gly Ala Val Ala Phe
4995 5000 5005
Thr Ala Asp Asp Leu Glu Gly Leu Tyr Asp Gly Tyr Ala Ala Arg Gly

5010 5015 5020
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Phe Glu Tyr Gly Pro Val Phe Arg Gly Leu Arg Ala Ala Trp Arg Arg
5025 5030 5035 5040
Gly Glu Asp Ile Phe Ala Glu Val Arg Leu Pro Asp Thr Ala Asp Gly
5045 5050 5055
Asp Ala Ser Gln Phe Ser Val His Pro Ala Leu Leu Asp Ala Ala Leu
5060 5065 5070
His Ala Ala Ala Phe Arg Pro Ala Asp Lys Leu Pro His Gly Ala Leu
5075 5080 5085

Pro Phe Ser Phe Ser Gly Val Arg Leu His Gly Pro Gly Ala Ser Thr

5090 5095 5100
Leu Arg Val Arg Leu Thr Pro Asp Gly Gln Ala Arg Asp Thr His Ala
5105 5110 5115 5120
Trp Ser Val Ala Val Val Asp Gly Glu Gly Arg Pro Val Ala Ser Ile
5125 5130 5135
Ala Ser Leu Ala Val Arg Pro Val Ser Thr Gln Glu Leu Leu Ala Ala
5140 5145 5150
Ser Gly Thr Ala Arg Arg Asp Ser Leu Phe Ala Val Glu Trp Val Thr

5155 5160 5165

Ala Leu Ala Pro Thr Ser Ser Ser Val Pro Gln Arg Leu Ala Thr Val
5170 5175 5180
Gly Pro Ser Asp Arg Leu Pro Ser Ala Asp Ala Tyr Ala Asn Leu Ala
5185 5190 5195 5200
Asp Leu Ala Ala Ala Val Leu Glu Ala Gly Ala Pro Ala Pro Asp Ala
5205 5210 5215
Val Val Val Asp Cys Gly Arg Arg Asp Ala Arg Ala Thr Ala Val Pro
5220 5225 5230

Glu Asp Val Arg Thr Leu Thr Arg Arg Ile Leu Gly Leu Leu Gln Glu

5235 5240 5245
Trp Leu Ala Asp Glu Arg Pro Ala Ser Ser Arg Met Val Val Leu Thr
5250 5255 5260
Arg Gly Ala Val Ala Thr Thr Pro Gly Glu Asp Val Ala Asp Leu Ala

5265 5270 5275 5280
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Gly Ala Ala Val Cys Gly Met Val Arg Ser Ala Gln Ser Glu His Pro
5285 5290 5295
Gly Arg Phe Val Leu Leu Asp Leu Asp Pro Asp Pro Asp Leu Asp Gly

5300 5305 5310

Gly Glu Val Pro Pro Thr Val Val Pro Ala Ala Leu Ala Cys Gly Glu
5315 5320 5325
Pro Gln Ile Ala Val Arg Ala Asn Arg His Leu Val Pro Arg Leu Thr
5330 5335 5340
Arg Val Pro Ala Ser Val Pro Val Pro Gly Arg Val Pro Val Pro Ala
5345 5350 5355 5360
Ala Glu Ala Ala Asp Pro Asp Thr Thr Pro Thr Ala Phe Asp Pro Asp
5365 5370 5375

Gly Thr Val Val Ile Thr Gly Gly Thr Gly Thr Leu Gly Ala Met Leu

5380 5385 5390
Ala Arg His Leu Val Ser Arg His Gly Val Arg His Leu Leu Leu Ala
5395 5400 5405
Ser Arg Arg Gly Pro Asp Ala Pro Gly Ala Thr Glu Leu Arg Ala Glu
5410 5415 5420
Leu Ala Glu Leu Gly Ala Glu Val Thr Val Arg Ala Cys Asp Thr Gly
5425 5430 5435 5440
Asp Arg Gly Ala Leu Ala Asp Leu Ile Ala Gly Ile Pro Thr Gly His

5445 5450 5455

Pro Leu Thr Gly Val Val His Ala Ala Gly Val Leu Asp Asp Ala Thr
5460 5465 5470
Val Ala Ser Leu Thr Pro Arg His Leu Asp Thr Ala Leu Thr Pro Lys
5475 5480 5485
Ala Asp Ala Ala Phe His Leu His Glu Leu Thr Arg His Ala Arg Pro
5490 5495 5500
Arg Ala Phe Val Leu Phe Ser Ser Ala Ala Gly Val Leu Gly Ala Ala
5505 5510 5515 5520

Gly Gln Gly Asn Tyr Ala Ala Ala Asn Ala Phe Leu Asp Ala Leu Ala
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5525 5530 5535
Glu His Arg Arg Ala Gln Gly Leu Pro Ala Leu Ser Leu Ala Trp Gly
5540 5545 5550
Leu Trp Glu Gln Gly Ser Gly Met Thr Gly His Leu Asp Arg Thr Asp
5555 5560 5565
Arg Ala Arg Ile Asn Arg Ser Gly Leu Ala Pro Leu Ala Thr Glu Asp
5570 5575 5580
Ala Leu Ala Leu Phe Asp Ala Ala Leu Ala Gly Asp Arg Pro Phe Leu

5585 5590 5595 5600

Val Pro Ala Arg Leu Asp Leu Arg Gly Ser Ser Ala Ala Glu Thr Pro
5605 5610 5615
Ala Pro Leu Phe Ser Arg Ile Ala Pro Ala Arg Thr Thr Arg Gly Arg
5620 5625 5630
Ser Pro Gly Ala Glu Gly Ala Ala Asp Leu Arg Thr Arg Leu Ala Ala
5635 5640 5645
GIn Asp Ala Ala Glu Gln Arg Asp Thr Leu Leu Thr Ile Val Arg Thr
5650 5655 5660

His Thr Ala Ala Val Leu Gly His Asp Thr Ala Ala Ala Val Arg Pro

5665 5670 5675 5680
Asp Gly Ala Phe Arg Glu Leu Gly Phe Asp Ser Leu Ala Ala Val Glu
5685 5690 5695
Leu Arg Asn Arg Leu Gln Thr Thr Thr Ala Leu Thr Leu Pro Ala Thr
5700 5705 5710
Thr Val Phe Asp His Pro Thr Pro Ala Ala Leu Ala Asp His Leu Arg
5715 5720 5725
Thr Gln Leu Cys Gln Asp Ala Gln Ser Ser Ala Ala Ala Thr Ala Met

5730 5735 5740

Ala Ala Met Ala Glu Leu Ala Arg Leu Glu Ser Ala Val Ser Asp Ser

5745 5750 5755 5760

Val Ala Leu Asp Asp Asp Thr Arg Ser Gly Leu Ala Glu Arg Leu Arg
5765 5770 9775

Ser Leu Ala Arg Lys Met Ser Ser Gly Arg Val Val Asp His Asp Gly
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5780 5785 5790
Gly Gly Ala Ala Asp Leu Asp Leu Gln Ser Val Thr Asp Asp Glu Met
5795 5800 5805

Phe Glu Leu Ile Asp Lys Glu Val Ser Arg Asp

5810 5815
<210> 75
<211> 17469
<212> DNA
<213> Artificial Sequence

<220><223> meiA3 gene of Streptomyces nanchangensis

<400> 75

ttggagatac cgatggccge tggccacgac aaggtgatcg aggegcetgeg ggegtecctce 60
aagaccaacg agcggcagag ggaacagatc caccggctca ctacggegge gegggaacce 120
atcgccatca tcggcatgge ctgecgetat cccggeggag tgggatcgec ggaggacctg 180
tgggagcetgg tggccgecegg ccegtgacgec atcggcacct tccccgagga ccggggetgg 240
gacgcggege ggetgtacga ccccgatcecg gagegggecg gecacctcegta cacccageat 300
ggcggattce tttaccagge aggggagttc gaccceggtt tcttcgggat cagceccgege 360
gaggcgetgg cgatggaccce gcagcagegg ctgetgetgg agatctectg ggaggegttce 420
gagcgggecg ggatcgacce ggectceggtg cgeggecagece gcecaccggggt cttegeggge 480
gtcatgtacc acgactacgg ctcccggetg cacaccgtcce ccgaaggett cgagggcetac 540
gtcggcaacg gcagceggegg cggegtggeg teceggeeggg tecgectacac cceteggectce 600
gaaggcccegg ccgtgaccgt ggacaccgece tgetectcect cactggtcege cctgceacctg 660
gccetgecagg cgetgeggge cggegagtge tcactcegece tcecgegggegg ggtgacggtg 720
atgtccaccc ccagectgtt cgtcgagtac tcccggcecage gegegetcege ggeggatgge 780
cggtgcaagg cgtacgggge gggggeggac ggeaccgget gggcagaagg cgecgggatg 840
ttgctggtgg aacggctcac ggacgcacag cggetcggec accgggtget ggcagtggte 900
cggggcageg cggtcaacca ggacggegeg agcaacggec tcaccgeece caacggecce 960
gcgcagcaac gggtcatccg gecaggcactg gcgagegecg gggtgtegge gtecgaggtce 1020
gacgccgtgg aggggcatgg gacggggacg cggetgggeg atccgatcga ggegcaggeg 1080
ttgctggega cctacggtca gecageggece geggaccgge cgetgtgget cgggtcegatg 1140
aagtccaacg tcggccatge gcaggeggece geecggegtgg gegggatcat caagatggtg 1200
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atggccatgc
atcgactggg
gaccggecege
atcctcgagg
gacgacgctc

ccectgtegg

gtggeggeeg
tcggacctceg
ctggacactc
gcaggggacceg
atggggetge
geggeettgg

gacccggtgt

ctggcgcagce
ggcgagatceg
gtcgecectge
ccactgacgg
gtggeegeeg
gaggcgetgg

gccteccact

atcgctccaa
accatgggac
gaagcgctcc
cccaccctcea
gtcggctcecce
gctcatattce

gcgaaccatg

ccggcgacca
g8cgcg8cgg
cacacccacc

gcatacgtgg

ggagcgggac
actcgggcegce
gcegegecege
ccgegtcegcea
ccgegecgea

gcgcegacgse

atgagctgct
cacaccgegce
tgacagggga
gtgegggegt
ggctgetgga
caccgtatgt

888agcggsc

tgtggegcte
ccgeegeeca
gcagceggge
cggacgaggt
tcaacgcccc
aacactaccg

gccecgceatat

gggceegecga
tcgacgececg
gecgcetetegg
ccceegecat
tgcgeegegg
atggcctgcec

tcgacctgece

ccggggacgt
tcggactcge
cctggcetcac

aactggccgt

gctgecgege
ggtgeggcetg
ggtgtcctcece
gacggcegceceg
cggcgegeeg

cgaggcegcetg

gcgeceegece
agtcgtcctc
ggggeeggac
ggtgttegte
gacctcgtcg
cgactggtcg

cgatgtcgtc

gtatggcegtc
catctgcggce
cctgcagacc
cgeegggetg
cacggccacg
ggaccagggc

cgaggcecgtg

cattccctte
gtactggtac
tgccgecgag
cgaggacacc
cgaggacgac
cgtggegtgg

cacctacgcc

gacggccegeg
cgagggcgac
cgaccacgceg

gcacgtcgge

accctgcacg
ctgaccgagc
ttcggggtca
cacacggaat
ggccatgecg

cgggeecagyg

gacgtcggge
ggctcecgacce
ggeggetcegg
ttccegggac
ttcttecgeceg
ctgctcgacg

cagccgatgc

gaaccggacg
gcgetgacce
ctgegeggtt
ctgcggaccg
gtgatctccg
gtcgacgega

gagcaggagc

tactccactg
cgcaatctgc
taccggtcgt
actgaggccg
gcccaccgcea
gaccgccact

ttccagegcc

gggctggecece
ggatatctgc
gtcgecggcea

gaacacctcg

cggacgagcce
cggtcgectg
gcggeaccaa
ccgegtcegcea
tggcggggcc

ccagggagct

acaccctggt
gggaaaccct
tcgtacgggg
agggceggceca
agcggatggce
tgctgegeceg

tgttctcggt

ccgtactcgg
tggacgacgc
cgggeggeat
catggccgga
gcgacgegga
agcgggtccce

tgctgagect

tggacaacca
gceggececegt
atgtcgaggt
ccggegeege
tcetceaccte
accgggcegcet

gcegetactg

cggtcggaca
tcaccggecg
ccgtectget

gctgeceecg

gtcgecgceac
gceggagege
cgcccatgtg
gacggaaacc
gctgeeectgg

gegtegettce

cttgggccgce
gctgegeggt
cgtggeggceg
gtgggcecgge
ggagtgcgag
ggacceeggg

gatggtgtcg

ccactcccag
cgcgaaggtt
ggccteegta
ccggetgtgg
ctctetggeg
ggtcgactac

gttgcggggg

gtgggcecgac
acgcttcgec
cggcecgeac
ggccacggtt
gctggeecegg
cgceccecgag

gctggacgcece

cccactgctce
gctcgeeeceg
gcegggeace

gctggaggag
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1320
1380
1440
1500

1560

1620
1680
1740
1800
1860
1920

1980

2040
2100
2160
2220
2280
2340

2400

2460
2520
2580
2640
2700
2760

2820

2880
2940
3000
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ctcaccctgce

gtcggcegceac

gaccccacgt

gcggecgagg
gegtggecte
gcegeggact
gaggagacct
tgcctcecacce
agcgaggaga

cgcteeecgg

gcegtcegacg
cgaccggtgg
gccectggagt
cttggccacg
cggeggtacc
gacctggtgt

gacgttcaca

tggcteggeg
gccaccggge
cgatccgcac
gagtcgtggg
gceggecage
acgccgcecac

gggttggege

atcgaggtgc
cctgggcagce
gtggccgacce
ttcgcgatcg
gecegeegeeg

ctgcgececgg

acgccccgct

cggacgagac

888aaggesc

ccgecgaccga
cgcegggegce
tcggctacgg
acgccgaggt
ccgegttgcet
atccagcggg

gcacaccgac

tggccgacga
ccctggagga
ggaccgecege
ccaccccegg
cggaccttgce
tcgtgggetg

ccacccgtac

aagcgceggct
CggrCgeeees
aggccgagga
cggegetgee
cgcacatggc
£28888agcgg

cggtggegtce

gtgeggeegg
aggggetggg
tggegeeegg
ccgaccgggce
tcceegtegt

gcgagtceggt

cgtcecteccc

cggcecegecge

ggreeggesce

tggcatcaac
ggagccectg
cceggecttce
gcggcetcececce
cgacgcecgeg
acatggcctg

gctgegegta

gacggegcegceg
cctgegggte
gceegagecce
atgggccgcee
cggactggta
ccecteegget

ccgtgtcecegt

ggccegecegceg
agggatggac
gccecgatcege
acgggeggtce
ccggetggtg
cggetggegg

ctcggecgac

gctgaacttce
cagcgagggc
agaccgggtg
cacagtgatc
gttcgccacc

gctggtgceac

gacacgggcg
gcactgagcg

gecgtggacac

ggtgecegacg
gacatcagcg
caggggcetgce
gaccaggtgg
ctccacccgce
ctgccattcg

cggetgegge

tcggtggtcet
ctcggeggee
ctgacaacag
gcgttggaga
geggeectgg
gcegeeggge

acccgacaag

cggetggtge
ctggegggceg
atcctcctgg
gegetgggeg
cgagccgaca
ctcgactgceg

cacgaccegce

cgcgatgtcee
gceggggtgg
atgggegtgt
cgegtcecececg
gcctactacg

geegegseeg

gtgtggegcet
tctacgcaca

ggcatgcgac

gtgcegggcece
gcctctacga
gecgecegtetg
ccgeegacgce
tggcactcga
cctggegegg

cgcagggecce

cggccgaatc
aggcgaacga
ccetegggeg
cggcggeage
acgccggega
ccgacgacac

cgctggagcet

tggtcacccg
cggcgatctg
tggacttgga
aaccgcagat
ccgagaggga
ccgatgeggg

tgggcccgcea

tggtggcecect
tgctcgaagce
tcgcggacge
agcactggac
ggctggtgga

gcggagtggg

ccaggtggcc
gcgcegacgac

cggcacactg

cctggegggg
cacgctggcec
gcggeacgge
cccacgcttc
cagcggccga
cgtcagcectg

ggactcgatt

gctcacgetg
cccectetat
gtgegeegtg
ggagcccgta
tcecgecteceg
gacggtcgcce

gcttcaaggce

cggegeggtg
cggactggtg
cacggccgag
ggccatcegg
cgeectgcetce
cacgctccag

gcaggtacgg

ggggatggtce
cgggectgaa
gttcggeecg
cttcgeccag
cctggcagga

actggccgcec
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3120
3180

3240

3300
3360
3420
3480
3540
3600

3660

3720
3780
3840
3900
3960
4020

4080

4140
4200
4260
4320
4380
4440

4500

4560
4620
4680
4740
4800

4860
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gtccaactgg

gacaccctac
ttcgagagcc
tacgtcgacg
aagaccgacc
gcgtacgacc
cggctgtteg

gccagggatg

ctggaccgca
ggegeegege
agccgecegtg
ggcgegacga
ctcgggegga
gacgacgcca

gccgatgecg

ctgttctcgt
aatgcctttc
ctggcatggg
cgcacccgea
ttcgacaacg
gcgetacggg

caccggecac

ctcgaccctg
gtccteggee
ttcgactccce
ctcceegeca
gacggcctca
gtggcegacgg

ggcgtgeggt

ccegecacct

gcgeccacgg
ggttcaccgg
cctegetgeg
tcecgtgaccc
tgatggaggc
acgagggegt

ccttecgeca

ccceegacce
tcgeecgceca
gcctegatge
cgaccgtcgce
tcceegecga
cgcteggctce

cctggcatct

ccgeegegeg
tcgacgcegct
gactgtggga
tggceegegt
ctctegtcga
gcaccaccge

geeecgegac

ccgcacagca
acccgagecc
tcaccgecegt
ccctegtett
tcggeggege
tggcggatga

cggccgaagyg

gggegetgag

catcccececeg
ccggaacatc
cctggtgtcc
ggaggaggtg
cggacccgag
gctcaccecg

actccagcag

cgacggcacc
tctcgeegec
gccaggegcet
cacctgcgac
gcacccgetg
cctcaccgeg

gcacgagctg

cgtcetgggce
cgecttcecag
ggaggccage
cggectecegg
tggcccaccg
accgcccctg

acccgacggc

cgaggtcctg
cgacgccatc
agagctccgce
cgaccacccce
cgatgcggcec
ggccatcgeg

gctgtgggat

gtctacgcca

gagcgcatcg
gacgtcgtcc
ggcgacageg
gcggaggegt
cgcatcgggg
ctgcegcetca

ggeegeaccg

gtcctcatca
accggccgag
cccgaactca
gtcggegacce
accgeegtceg
cgccaccteg

acctgeceggce

tcgeegggge
cgacgggega
gggatgaccg
ccactggcca
ctgctgctcc
ttccagagcc

cgctectcecc

ctcaccctceg
gceeccgagg
aaccgcctca
actcctgcecg
accttggctt
atcatcggca

ctggtcgect

cggegagecce

cctegtececg
tcaactccct
geeggttect
acccecggtgt
agatcctgceg
cctgetggga

tcggaaagaa

ccggtggceac
cacggcatct
tcgctgagat
gtgccgegcet
tccacgecgce
acaccgttct

tggatctggce

agggcaacta
tgggactccc
gccacctcega
cgaacgaggce
cggcccgtat
tcgtacgtcc

tccgageecg

tccgeggeca
cggcectteceg
aggaggcaac
ctctegecca
cggcetectge
tggcctgecg

ccggeaccga

cggcaaatgg

caccctcgac
ggcccatgag
cgagatgggce
cgcctaccgg
caccgtgctg
catccggcag

tgtgctcacg

cggcaccctce
gctgcetgatce
cgacgagttg
cgccgaactg
gggcacactc
gcecgegaag

cgegttegtg

cgcegeegece
cgeegtgtcec
ccagaccgac
cctggegcetg
cgacaccaag
caccaccggce

gctegeeggg

cgcecgecacg
tgacctcggce
cggtctgegg
gcacctgegg
tccgagegag
gtatccgggg

cgccatgagce
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4920

4980
5040
5100
5160
5220
5280

5340

5400
5460
5520
5580
5640
5700

5760

5820
5880
5940
6000
6060
6120

6180

6240
6300
6360
6420
6480
6540

6600
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ggattcccca
cggcegggca
gcgggattct
ctgctggaga
Ccggagccgga
gacaccgtgg

ggccgtatceg

tcgtegtctce
atggegetgg
cggcagecggg
acggggtggg
ttggggcatc
aatggtttga

agtgcgeggg

ctgggtgatc
gatgaaccgt
ggtgttgcegg
ttgcatgtgc
acggagecgg
ggggtcageg

gatccggegg

gcactacagg
ctggctgatg
ctcetgggec
gaacacgccg
tccgggeagg
ttcgeccgecag

cgggatgtcg

tatgcccagce
tacggcctca

ctcgeecggga

ccgaccgegg
ccacatacac
tcggcatcgg
ccteetggga
ccggagtcett
ccgaggtcga

cctacacctt

tggtggegtt
ccggeggggt
ggttgteggt
cggagggggt
gggtgttgge
cggcgcecgaa

ttggtggggc

cgatcgaggc
tgtggttggg
gtgtcatcaa
aggagccgtce
tgcegtggee
gcaccaacgc

acgtttcgtc

cacaggcagce
tcgggtatge
cggaccgega
ggctcgtacg
gcacgcageg
ccatggacga

tgttcgecga

ccgegetgtt
cgccccacta

tcctgaccct

ctgggacctc
ccgccacggg
cccacgtgag
ggttttcgaa
cgeecggtgtg
gggctatgtc

cggtctggaa

gcatctggceg
gacggtgatg
ggatgggcegg
ggggatgctg
ggtggtgcgg
tggtcegtceg

ggatgtggat

gcaggegttg
gtcggtgaag
gatggtgatg
gccgeatgtg
ggagacgggt
gcacatcatc

cgggtegttt

gcagctgege
gctggecegcece
agccttcectce
gggegtggeg
ccctegtatg
agcctgcegcea

geceggactcec

cgcectcecag

ctacgcgggce

ctgcgacgceg

gaccgcectcet
ggcttectee
gcgetggega
cacgcgggaa
atgccgacgg
ctcaccggaa

ggeeeegegg

tgtcaggcgce
gcgacgectg
tgcaaggcgt
ttggtggage
ggttetgegg
cagcagcggg

gtggtggagg

ctggcgacct
tcgaatatcg
gcgatgeggt
gactggtcct
cgtgegegge
ctcgaacagg

ccgtggatgg

gcgtatctgg
ggccgtaccg
gaagggctgg
acgggtgegg
gggcacgage
tacctggacc

ggtacggcecc

gtcgecectge
cattccctgg

gegegtcetgg

acgcccccca
acgacgcggg
tggatccaca
tcgacccctce
actacggccc
actccggcag

tgtcggtgga

tgegtgeggg
gtgccttegt
ttggggtagg
ggttgtctga
tgaatcagga
tgatccggca

ggcacggtac

acggtcagga
ggcatgcgca
gtggggtgtt
cgggtggggt
gtgegggggt
caccgccgga

tgtcggccaa

cggcacgtcc
ccttcgacca
gggetetggg
ggaagctgge
tgtaccgegce
cgcatctcga

ggctgetgea

atcgcctggt

gggagatcac

tcaccacccg

ggaccaggac
caagttcgac
gcageggctg
gtcggtacgg
ccggetgceaa
cgtcgecteg

cacggecgtgt

ggagtgctcc
ggagtttgeg
tgcggatggt
tgegeggegg
cggggcegage
ggegttggece

g88gacgcegg

gcggteggeg
ggetgeggeg
gcegeggacg
geggetgetg
gtegtegtte
ggagcacgac

gtccgaacag

cggggteggg
ccgtgeegtg
ggeeggtgag
gttcgtgtgt
cttceegetg
ccggectcetg

gcagacgcgc

caccgaacac
cgcggceccac

cgceegectg
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6660
6720
6780
6840
6900
6960

7020

7080
7140
7200
7260
7320
7380

7440

7500
7560
7620
7680
7740
7800

7860

7920
7980
8040
8100
8160
8220

8280

8340
8400

8460
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atgcagtctc
cacgaacacc
tccgtggtca

atggggcegea

ccactcctceg
ccectcatcea
caaacacgcg
accgcctacc
ccccaccaca
acccacaccg

cacacccccea

tggctcaaca
catcccctgt
cggatttcac
ctcceeggta
cggatcgagg
ctgcaggtga

cgaatcgatg

gcegggtacce
cctgegggeg
cagctggcecg
caacgcggceg
geegeggcete
ctcctecect

accctgegeg

€Cggggeces
tcgttggecce
gcceccagttg
tcagcggecg
gacgaggact

gcagtcgecg

tcceegecac
tcgcacgatg
tcagcggtga

agaccacccce

acgaactccg
cgaccgacct
agaccgtcca
tcgaactcgg
cceeectage
ccctegecca

Cccaccacca

ccaccactgc
tgggcegeggc
tccgtacgcea
cggectttet
agcttacgct
ccgtggeegg

tcggcggcect

ttgccgacaa
catggccgcec
aggggggttt
acgaggtctt
ggttcgegcet
ccctgecaggg

catccggggce

tgtccgtcega
tgcggeceggt
ccceccatag
aagaagccga
tcgccactcce

atggcgcegcec

cggegegatg
cgagggacgg
ccgecacgac

gttgaaggtc

cgccaccgece
gaccgaccag
ctacgcccac
ccecgacacce
catccccectce
cctccacacce

cccaaacctc

caccggtgat
ggtcgagttg
tceetggttg
cgaactcgcc
ccacaccccg
gccgaacgaa

caccgccgat

gcetggecca
gcegggtgeg
ccactacggt
cgcgactgtg
gcacccegeg
acaacaggac

cacggccctg

cgtgtccgac
gaccagggtc
ctcgetcttce
tccatgggtg
gccggagegg

cgttceeegg

accaccctcec
gtgtcgetcg
gtagacgcca

agcggcgect

gaaaccctca
gaccccacca
accacccaac
acactcacca
ctccaccceceg
cacggccacc

cccacctacce

atgtcggegg
gcegatggtg
gccgaccacg
ctcgaagccg
ctcgtcgtac
gcaggaaacc

tcggtgggceg

gactgeggtg
gtcgeegtgg
geggecttcece
catatgtcag
ctgctggatt
agegggetge

cgegteeggce

gaggegggtg
gagttgcata
gaggtgcgat
atgatcggga
acgtacgccg

acggtcgtgg

aagcagaccc
cggccgtgaa
cggccgaaaa

tccactcaca

cctaccaccc
cacctggcta
aactccacac
ccctcacccea
accaacccga
ccaccacctg

ccttccaaca

caggccttga
aggggttgct
ccgteggegg
ccgeccatgt
Cggagagcgg
gggeggtgga

agccgtggac

actcggcgga
atctggagga
gttgcctgga
agaatcagct
ccgcactgca
cgttcacgtg

tgaggccgga

agcccgtage
cggcecgagtt
gggaacccgt
ccggaccgac
acctggcecgce

cctggtccca

cgacgaactc
cgcegectggg
cttcegegec

ccacatcgac

accccacacc
ttgggteegg
ccacggcegtc
ccacaacctc
aacccacacc
gcaccaccac

ccaccactac

geegegegcgg
gttcactggg
cgeegtgttg
cgactgccat
cggegtagtg
tatctactcg

gcgccatgcec

tggtgtcatg
actgtacgag
cgeecgectgg
gggcgacacg
caccattcca
ggcaggagtc

tggccatggce

atcagttcgg
gcgcacagcec
ccceccagecce
gctgegeecg
gctgtgegeg

ggcegggage
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8520
8580
8640

8700

8760
8820
8880
8940
9000
9060

9120

9180
9240
9300
9360
9420
9480

9540

9600
9660
9720
9780
9840
9900

9960

10020
10080
10140
10200
10260

10320
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gaagacgagt

cagtggttgg
gtggccactg
atccgctcceg
ccecgetgacg
gaagtggceceg
gccaccgagg

ggcaccggca

catctgctgc
gaactcgtcg
caacttgcaa
gcggeragecg
gtcetgegeg
ctgtcecgegt

aactacgccg

ctgeeggegg
ttggaggcca
gagggcctgg
gcactcagca
acgggegteg
cceetgegge

ctggtgcgct

gactcggegt
ttgcagcagg
gacgtactcg
acggecgecce
ggcatggcat
gccetecggta

ctctacgacc

cgagtgaggc

cggacagccg
cgccggagga
cccagtcgga
cgaaagacca
tacgcgatgg
ccatggacga

geceteggege

tgatcagccg
agctcggagce
acgcattgtc
tactggacga
ccaaggtcga
ttgtgctctt

ccgecaacgce

tgtceetgge
cgggcecacgce
agctcttcga
cgaaggagct
ctcecggececg
ggeggttgac

ccegggegece

tccgegacct
ccaccgggct
ccegtttect
caccecgttgce
geeggtttece
tggacgceggt

ccgacccgga

gctgegecac

gttcgtcgac
ggaggtaaaa
gcaccccgac
cgaccgaatg
agccctgege
gcatccectgg

catgctcgcec

acgtggcctc
gcagttgacc
ggagatctcc
cggggtgatce
ttcggegctce
ctcctegetg

cgcectggac

ctggggagtt
gaggctccge
caaggccttg
tcagacatcc
gcegteeegg
cggeeteggg

tgcggtgctg

ggggttcgac
gcgectgeceg
gtgtgacgag
ggecegtegge
gggaggtgtg
gggtgacttc

ccgaaccggc

gccacacacce

agtcgectgg
gacctggegg
cgattcgtcc
ctgtcggtgg
acaccccggce
gatccggacg

cgccacttgg

gacgccecgg
atcgccgegt
gtcgaccatc
acatccctca
aatctccacc
gceggggtga

gcgcetggega

tgggagcaga
cgctegggec
agctgtggac
ggatccgtcc
acccgcegacg
ccggaagage

gggceacggcea

tcecetegeceg
geeggettga
ttggecggtg
ggggcrageceg
cggtcggeeg
cccacagacc

acctcctata

acatgctggg

tgatcctcac
gagcggegac
tgctcgacct
ccectggectg
tgagcccgct
gcaccgtact

tggccaccca

gggccaggcg
gcgatgecge
cgctgaccgce
caccggagga
agctcacacg
tgggttegge

gtcaccgcag

ccgagggcat
tgaggccgct
acgccctggt
caccattcct
cctecggeegg
ggctacgega

cggecgaage

cggtggacct
tcttcgaccg
tcggeggtac
gcgageeggt
agggectgtg
gaggctggga

cccggeaagg

cctactgcag

ccgagecgeg
gcggggtcetg
ggacgaccgt
Cggggaaccg
tgccggceacc
catcaccggc

tggegtacgg

acaggggaac
agaccaaagg
tgtggtgcat
cctgacccat
cgacctgcecg
agggcagegc

ggccactcgg

gaccgggcag
ggccaccage
ggtgccegee
gcgccacgtg
tgagccgacc
ggtgetgegg

ggtcceggeg

gcggaaccgg
gcegegtecg
gtcggeggece
ggccatcgtce
ggatctggtce
ggtggaacgg

cgggttecte
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10380

10440
10500
10560
10620
10680
10740

10800

10860
10920
10980
11040
11100
11160

11220

11280
11340
11400
11460
11520
11580

11640

11700
11760
11820
11880
11940
12000

12060
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tacgacgcgg
atggatccac
atcgacccgg
gactacggca
aacgcgggea
gtcaccgtgg

ctgcggtcag

accacttttg
ttcggggeeg
cggctttcgg
gtcaaccagg
gtgatccgcece
ggacacggcea

tatggacagg

ggacacaccc
cacgggctgc
ggcgggacgg
cgcgceagecg
gcaccaccta
ccctggacga

acgtacctga

ggecegegect
ggtggtetgg
aggaaggccg
gcegggatgg
tgcgaacaag
cacaccgacc

acctccctca

tcccaaggcg
aaaatcgtcg

tccgtaccac

gtgagttcga
agcagcggct
cgtcgetgceg
ccegettgeg
gegtegette
acacggcgtg

gggagtgctce

tcgagttctc
gcgeggacgg
acgcceggeg
acggggcegag
aggegtgggc
cggggacgac

gacggtcggce

aggccgeege
tccecgeagac
tgeggttgcet
tctectettt
acgcggagac
tctcegegaa

CCaacacccce

ctttcgagca
atgctgtggce
gtgacctggg
gactgcggct
ccetegeccc
ccctgtggea

ccaccctctg

aaatcaccgc
ccctecgeag

tgcccgcaga

cgeggegtte
gctgetggag
ggggagttcg
cgagatccca
gggacgtgtce
ttcgtegtcec

catggcgctg

gcgecaacgg
aacgggetgg
caacggccac
caatgggctg
aaatgcgggt
gcteggtgac

cgatcggcecg

gggggtgggc
cctgcacgcec
gaccgagcecg
cggtgtcagce
ccacgaaccg
gagcccgceaa

cgaggcgaac

tcgtgcggtg
ggcagatgag
gaaggtggtg
gctcaagacc
ccacaccgac
gcgegeegac

gcaatcccac

cgeccacgcec
ccagaccctg

ccaggtcacc

ttcgggattg
atttcctggg
actggagtgt
gagggctacg
tcctacactt
ctggtcgece

8€ggacgess

ggactggcecc
gCggagegcy
cgggtectgg
acggcgecga
gtggcegega
cccattgagg

ttgtggttgg

ggcgtcatca
gaggagccct
gtggeetgge
ggtaccaacg
gcagagcccc
gcgctacgtg

cccgecegacg

gttatcggct
gcccactcetg
ttcgtcttee
tcgcecgtcet
tggaccctga
gtcatccagc

ggcctcaacc

tgcggagceac
caaaccctcc

gcactgcectge

gcecegegtga
aggcgetgga
tcgetggggt
agggctatat
tcggectgga
tgcatctggce

tcaccgtcat

Ccggacggecg
cggggatgct
cggtggtacg
acggcccgtce
tggacatcga
cccaggegct

gatcgatcaa

agatggtgat
cacctcatgt
ctgagegggg
cccacgtcat
acaccgcgece
cccaggegeg

tcggccacac

ccgatcgagg
ctgtggtcac
Cccgggcrages
tcgcgcaatce
ccgacatcct
ccgecectcett

ccgacgcecgt

tgagcctgga
aaggctcagg

acaccatgtg

ggeggtggeg
acgggegegga
gatgtaccac
cggcaatgga
g8ggccggcg
ctgccaggceg

gtccaccccc

gtgcaagtcc
cctggtggag
g88gagcgcg
gCaagagcgg
cgeggtggag
gctggggacg

gtccaacgtc

ggccatgege
ggactggtceg
gcggatgcegce
cttggaacaa
aggcccactg
tcagttgcac

cctcgegatg

ggagtttctg
gggtatcgeg
tggtcagtgg
catccaggcc
gcaccgececce
cgcectcatg

catcggccac

agacgccgeg
cggcatggcc

gcccgaccag
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12120
12180
12240
12300
12360
12420

12480

12540
12600
12660
12720
12780
12840

12900

12960
13020
13080
13140
13200
13260

13320

13380
13440
13500
13560
13620
13680

13740

13800
13860

13920
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ctatgggtcg
ctcacacaag
gactacgcct

caggacatca

accgacacca
ctcaccaacg
cceccaccceca
accgtcatca
gcccacgecce
ccaaccccecce

aacacccccea

ctgctcggceg
gcectgtceca
ggaactgccce
gaagaactca
gcatgggtgg
gagggtacgt

ccggecgace

geggtetgge
gacgggtacg
tggcgacgtg
gcctceccagt
cgceeggeeg
cacgggcceg

acgcacgcat

tcgetegegg
cgggactcgce
ccgecgacgece
aacctcgcecg
gtggtcgact

ctcacccggce

ccgccatcaa
cgctgaacca
cccactgecc

cccecacgggc

ccaccctcaa
ccatcaccaa
ccctceaccecec
gcacactccg
acaccaccgg
aacacaccga

cccaaacagg

cggeggtege
cccacccectg
ttcttgagat
ccctecaate
cggcgecgga
acgaggacgce

aggatgatgc

caccgcaggg
€ggcrgeegees
gcgaggacat
tctcecgtaca
acgaactccc
gagcgtcgac

ggteggtcege

tcecgeeeggt
tcttcgeggt
tggccacggt
acctggecge
gcggeegeceg

gcatcctggg

cgececececacce
ctaccgggac
ccacatccag

cgcgaccace

cgcccactac
cctcacccac
cgccatccag
ccgcaaccac
ccaccccatce
ccteeccacce

agacgcagca

agtggccgag
gcttgecgat
cgcecttcag
geegetgtte
tgagaacggg
cacgtgggtg

catcgcgegg

cgctgtegeg
attcgagtac
cttcgecgag
cceegeectg
gcacggggct
cctgegggtg

ggtggtcgac

gtcgacgcag
cgagtgggtg
ggggeecage
cgcagtgctg
cgacgcgegce

tctgctgcag

accacagtca
caagacatcg
gccegtccaac

cccttetact

tggtaccgaa
caaggccacc
gaaaccaccc
aacgacaccc
aactggcacc
taccccttee

gccatcggec

ggggagggct
cacaccatcg
gcgggcecatce
atcccggaag
taccgaagcc
cgccatgcca

ctcaccgacc

ttcacagcag
ggceeggtgt
gtgcgecttce
ctggacgceceg
ctgcecttcet
cgcctcaccc

g8Cgaggesc

gagttgcetgg
accgcecegg
gaccgcctcece
gaggeggagy
gccacggecg

gagtggetgg

tctceggcega
acgcgaaacg
acgaactctc

ccaccaccga

acctccgceca
acacctacat
acaccaccca
accaactcct
ccacccacca
aacaccaacg

tggacccggce

atctgctcac
cgggegeggt
gtgtggactg
agggagcagt
tgacggtgtc
cgggeegggt

cacaaggcga

acgatctgga
tccgaggact
ccgacacggce
ccctgeacge
ccttcagegg
cggatggcca

ggceggtgge

cggcectecegg
cgccgacctce
cctcggceaga
ccceggegece
tggcggagga

cggacgagag

cacacaagcc
catcceggtc
agacctgttg

caaccaatgg

acccgtccac
cgaaatcagc
cacccccacce
ccacgccctce
acaccacacc
ctactggctc

acatcacccg

cggtceggctce
cgtcecttecec
ccatcgcatc
acaggtgcag
ctccegacgt
cggtccecgcea

Ccggagcgscyg

gggcctgtac
gcggecggcec
ggacggcgac
cgecgecttce
ggtgaggcetg
ggcgegggac

ctcgatcgceg

tacggcgegg
gtcgtceeget
cgcgtacgeg
cgatgcggtc
cgtacggacc

gceggecteg
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13980
14040
14100

14160

14220
14280
14340
14400
14460
14520

14580

14640
14700
14760
14820
14880
14940

15000

15060
15120
15180
15240
15300
15360

15420

15480
15540
15600
15660
15720

15780
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agccggatgg

gacctggegg
cggttcegtcec
accgtcgtac
cacctggtgc
gttceegeeg
accgtactga

agccgtcacg

gccaccgage
gacaccggtg
ttgaccggtg
cccecgacacce
ctcacccgcec
ggcgeageceg

caccgcaggg

agcggcatga
gcececececteg
ccgttectgg
ccgetgttcet
ggegeegetg
cttctcacga

gtgcggecegg

cgtaaccgcc
cccacgeeeg
ccggcegecgs
tccgattcgg
ctcgeecgcea
ctggatctcc

cgagactga

tcgtactgac

gcgeggeggt
tgctggacct
cggcggcetct
cceggetgac
ccgaggcage
tcaccggcegg

gcgtacggcea

tgcgggegga
accgaggegce
tggtccacgce
tggacaccgc
acgcecggece
ggcagggcaa

cgcagggcct

ccgggceatct
ccaccgagga
tgcecegececg
ccaggatcgc
accttcgtac
tcgtccgceac

acgcggcectt

ttcaaacgac
ctgcectege
ccacggccat
cggcgetcga
agatgagcag

agtcggccac

ccgtggtgeg

gtgcggcatg
cgaccccgac
cgectgtggt
ccgegtteceg
cgaccaggac
caccggcacc

cctgetgcetg

actggccgag
gctggeggat
cgegggegtce
gctgacaccce
gcgegectte
ctacgctgcc

geceggecttg

cgaccgcacc
cgctetegeg
gctggaccta
cceggetegt
ccgtetegeg
ccacaccgcec

ccgtgagcetg

caccgcecctce
cgatcatctg
ggeggegatg
cgacgacacg
tggecegtgtce

ggacgatgag

gtggccacca

gtgeggtceeg
ccggaccteg
gagccgceaga
gtgtccgtcee
accacgccca
ctcggegegg

gcatcgcgac

ctcggggeeg
ctcatcgcgg
ctggatgacg
aaggccgacg
gtcectgttcet
gccaacgcect

tcgectegegt

gaccgggccc
ctcttcgacg
cggggttcaa
acgacccggg
gcccaggatg
gcegteetgg

ggtttcgact

accctgececg
cgtactcagc
gcggagetgg
cgcagcggcece
gtcgaccaca

atgttcgagc

caccggggga

cgcagtcgga
acggegegegga
tcgeggtgeg
ccgteeecgg
cggegttcga
tgctegegeg

gegggeeega

aggcgacggt
ggattcccac
ccaccgtcgce
ccgecttceca
ccteggecegce
tcctegacge

ggggettgtg

gcatcaaccg
ccgecectege
gcgecgecega
gcegtacccce
ccaccgagca
ggcatgacac

ccetegecege

cgaccaccgt
tctgccagga
ccaggctgga
tcgcggageg
acggegecegs

tgatcgacaa

ggacgtggceg

acatcccggce
agtgccaccg
tgcgaaccgg
geetgttece
cccecgacggce
ccatctggtc

cgcacceggce

gegegettgt
cggccaccct
ctcectcace
tctgcacgag
cggtgtccte
cctcgecgaa

ggagcagesce

ctccggactc
cggcgategg
gaccceggeg
cggcegetgag
gcgegacacg
ggctgecegece

cgtggaactc

tttcgaccac
cgcteegtcec
gtccgecegtce
cctgeggtee
cgetgegggc

ggaggtcage
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15840

15900
15960
16020
16080
16140
16200

16260

16320
16380
16440
16500
16560
16620

16680

16740
16800
16860
16920
16980
17040

17100

17160
17220
17280
17340
17400
17460

17469
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<210>
<211>
<212>

<213>

76
5822

PRT

Artificial Sequence

<220><223> meiA3 protein of Streptomyces

<400>
Met Glu
1

Arg Ala

Leu Thr

Arg Tyr

50

Ala Ala
65

Asp Ala

Tyr Thr

Gly Phe

Gln Arg

130
Ile Asp
145

Val Met

Phe Glu

Arg Val

76

Ile Pro Met Ala Ala Gly His Asp Lys

5
Ser Leu Lys Thr Asn
20
Thr Ala Ala Arg Glu

35

Pro Gly Gly Val Gly
55
Gly Arg Asp Ala Ile
70
Ala Arg Leu Tyr Asp
85
Gln His Gly Gly Phe
100

Phe Gly Ile Ser Pro

115

Leu Leu Leu Glu Ile
135

Pro Ala Ser Val Arg

150
Tyr His Asp Tyr Gly
165
Gly Tyr Val Gly Asn

180

Glu Arg
25
Pro Ile

40

Ser Pro

Gly Thr

Pro Asp

Leu Tyr

105

Arg Glu

120

Ser Trp

Gly Ser

Ser Arg

Gly Ser

185

10

Gln Arg

Ala Ile

Glu Asp

Phe Pro

75

Pro Glu
90

Gln Ala

Ala Leu

Glu Ala

Arg Thr

155
Leu His
170

Gly Gly

nanchangensis

Val Ile Glu

Glu Gln Ile
30
Ile Gly Met

45

Leu Trp Glu
60

Glu Asp Arg

Arg Ala Gly

Gly Glu Phe
110

Ala Met Asp

125
Phe Glu Arg
140

Gly Val Phe

Thr Val Pro

Gly Val Ala
190

Ala Tyr Thr Leu Gly Leu Glu Gly Pro Ala Val Thr

195

200

205

- 204 -

Ala Leu
15

His Arg

Ala Cys

Leu Val

Gly Trp

80

Thr Ser

95

Asp Pro

Pro Gln

Ser Gly

Val Asp
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Thr

Leu

225

Met

Val

305

Arg

385

Met

Pro

Glu

Ser

Ala Cys Ser
210

Arg Ala Gly

Ser Thr Pro

Ala Asp Gly

Trp Ala Glu
275

Gln Arg Leu

290

Asn Gln Asp

Gln Gln Arg

Ser Glu Val
340
Asp Pro Ile
355
Pro Ala Asp
370

His Ala Gln

Ala Met Arg

Ser Pro His

420

Pro Val Ala
435

Ser Phe Gly

450

Ser

Ser
245

Arg

Val

325

Asp

Arg

Ser

405

Trp

Val

Ser

Cys

230

Leu

Cys

His

Pro

Asp

Pro

Ser

Leu Val Ala
215

Ser Leu Ala

Phe Val Glu

Lys Ala Tyr

265
Gly Met Leu
280
Arg Val Leu
295

Ser Asn Gly

Arg Gln Ala

Val Glu Gly
345
GIn Ala Leu
360
Leu Trp Leu
375

Ala Gly Val

Thr Leu Pro

Trp Asp Ser

425

Glu Arg Asp
440

Gly Thr Asn

455

Leu His

Leu Ala

Tyr Ser

250

Leu Val

Leu Thr
315
Leu Ala

330

His Gly

Leu Ala

Gly Ser

Gly Gly

395

Arg Thr

410

Gly Ala

Arg Pro

Ala His

Leu Ala Cys Gln
220

Gly Gly Val Thr

Arg Gln Arg Ala
255

Gly Ala Asp Gly

270
Glu Arg Leu Thr
285
Val Arg Gly Ser
300

Ala Pro Asn Gly

Ser Ala Gly Val

335

Thr Gly Thr Arg
350
Thr Tyr Gly Gln
365
Met Lys Ser Asn
380

Ile Ile Lys Met

Leu His Ala Asp

415
Val Arg Leu Leu
430
Arg Arg Ala Ala
445
Val Ile Leu Glu

460
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Ala

Val

240

Leu

Thr

Asp

Pro
320

Ser

Leu

Val

Val
400

Thr

Val

Ala
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465

Asp

Pro

Pro

His

545

Leu

Ser

Pro

625

Asp

Val

Asp

Cys

Ser

Ser GIn Thr Ala Pro

470

Asp Ala Pro Ala Pro
485
Leu Pro Trp Pro Leu
500
Ala Arg Glu Leu Arg
515

Ala Asp Val Gly His
530

Arg Ala Val Val Leu

550
Asp Thr Leu Thr Gly
565
Val Ala Ala Ala Gly
580
Gln Gly Gly Gln Trp
595
Ser Phe Phe Ala Glu

610

Tyr Val Asp Trp Ser
630
Pro Val Trp Glu Arg
645
Met Val Ser Leu Ala
660
Ala Val Leu Gly His
675

Gly Ala Leu Thr Leu

690

Arg Ala Leu GIn Thr

His Thr Glu

His Gly Ala

Ser Gly Ala
505
Arg Phe Val
520
Thr Leu Val
535

Gly Ser Asp

Glu Gly Pro

Ala Gly Ala

Arg Met Ala

615

Leu Leu Asp

Ala Asp Val

Gln Leu Trp

665

Ser Gln Gly
630

Asp Asp Ala

695

Leu Arg Gly

Ser

Pro
490

Thr

Leu

Arg

Asp

570

Val

Val
650

Arg

Ala

Ser

Val

Leu

Cys

Leu

635

Ser

Lys

Ser

His

Glu

Asp

Arg

540

Thr

Gly

Val

Arg

Glu

620

Arg

Pro

Tyr

Ala

Val

700

Gln Thr

Ala Val

Ala Leu

510
Glu Leu
525

Ser Asp

Leu Leu

Ser Val

Phe Val

590
Leu Leu
605

Ala Ala

Arg Asp

Met Leu

Gly Val

670
Ala Ala
685

Val Ala

Gly Gly Met Ala
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495

Arg

Leu

Leu

Arg

Val
575

Phe

Leu

Pro

Phe

655

His

Leu

Ser

Thr

480

Arg

560

Arg

Pro

Thr

640

Ser

Pro

Arg

Val
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705

Pro

Asp

Ser

Pro

785

Leu

Pro
865

Val

Ser

His

Tyr

Gly

945

Gly

710

Leu Thr Ala Asp Glu

Arg Leu Trp
740
Gly Asp Ala

755

Gly Val Asp
770

His

Ala Pro Arg

Trp Ala Asp

820

Arg Arg Pro

835

Glu Tyr Arg

725

Val

Asp

Ala

Thr

Val

Ser

Ala

Ser

Lys

Met

Arg

Tyr

Ile Glu Asp Thr

870

Gly Ser Leu Arg Arg

885

Leu Ala Arg Ala His

900

Tyr

915

Arg Ala Leu Ala

Ala Phe GIn Arg Arg

930

Asp Val Thr Ala Ala

950

Val Ala Gly

Ala Val Asn
745
Leu Ala Glu

760

Arg Val Pro
775

Glu Gln Glu

Asp Ile Pro

Gly Leu Asp
825

Phe Ala Glu

840
Val Glu Val
855

Thr Glu Ala

Gly Glu Asp

Ile His Gly

905

Pro Glu Ala
920

Arg Tyr Trp

935

Gly Leu Ala

Ala Ala Val Gly Leu Ala Glu Gly

715
Leu Leu Arg
730

Ala Pro Thr

Ala Leu Glu

Val Asp Tyr
780
Leu Leu Ser
795
Phe Tyr Ser

810

Ala Arg Tyr

Ala Leu Arg

Gly Pro His
860

Asp Ala His
890

Leu Pro Val

Asn His Val

Leu Asp Ala
940
Pro Val Gly

955

Thr

His

765

Leu

Thr

Trp

845

Pro

Arg

Asp
925

Pro

His

Thr
750

Tyr

Ser

Leu

Val

Tyr

830

Leu

Thr

Trp

910

Leu

Pro

Asp Gly Tyr Leu Leu
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720
Trp Pro
735

Val

Arg Asp

His Cys

Arg Gly

800
Asp Asn
815

Arg Asn

Leu Thr
Thr Val
880
Leu Thr
895

Asp Arg

Pro Thr

Thr Thr

Leu Leu
960

Thr Gly
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965 970 975

Arg Leu Ala Pro His Thr His Pro Trp Leu Thr Asp His Ala Val Ala

980 985 990
Gly Thr Val Leu Leu Pro Gly Thr Ala Tyr Val Glu Leu Ala Val His
995 1000 1005
Val Gly Glu His Leu Gly Cys Pro Arg Leu Glu Glu Leu Thr Leu His
1010 1015 1020
Ala Pro Leu Val Leu Pro Asp Thr Gly Gly Val Ala Leu GIn Val Ala
1025 1030 1035 1040
Val Gly Ala Pro Asp Glu Thr Gly Arg Arg Ala Leu Ser Val Tyr Ala

1045 1050 1055

Gln Arg Asp Asp Asp Pro Thr Trp Glu Gly Ala Ala Arg Gly Ala Trp
1060 1065 1070
Thr Arg His Ala Thr Gly Thr Leu Ala Ala Glu Ala Ala Thr Asp Gly
1075 1080 1085
Ile Asn Gly Ala Asp Gly Ala Gly Pro Leu Ala Gly Ala Trp Pro Pro
1090 1095 1100
Pro Gly Ala Glu Pro Leu Asp Ile Ser Gly Leu Tyr Asp Thr Leu Ala
1105 1110 1115 1120

Ala Ala Asp Phe Gly Tyr Gly Pro Ala Phe Gln Gly Leu Arg Ala Val

1125 1130 1135
Trp Arg His Gly Glu Glu Thr Tyr Ala Glu Val Arg Leu Pro Asp Gln
1140 1145 1150
Val Ala Ala Asp Ala Pro Arg Phe Cys Leu His Pro Ala Leu Leu Asp
1155 1160 1165
Ala Ala Leu His Pro Leu Ala Leu Asp Ser Gly Arg Ser Glu Glu Asn
1170 1175 1180
Pro Ala Gly His Gly Leu Leu Pro Phe Ala Trp Arg Gly Val Ser Leu

1185 1190 1195 1200

Arg Ser Pro Gly Thr Pro Thr Leu Arg Val Arg Leu Arg Pro Gln Gly

1205 1210 1215
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Pro Asp Ser Ile Ala Val Asp Val Ala Asp Glu Thr Gly Ala Ser Val
1220 1225 1230
Val Ser Ala Glu Ser Leu Thr Leu Arg Pro Val Ala Leu Glu Asp Leu
1235 1240 1245
Arg Val Leu Gly Gly Gln Ala Asn Asp Pro Leu Tyr Ala Leu Glu Trp
1250 1255 1260

Thr Ala Ala Pro Glu Pro Leu Thr Thr Ala Leu Gly Arg Cys Ala Val

1265 1270 1275 1280
Leu Gly His Ala Thr Pro Gly Trp Ala Ala Ala Leu Glu Thr Ala Ala
1285 1290 1295
Ala Glu Pro Val Arg Arg Tyr Pro Asp Leu Ala Gly Leu Val Ala Ala
1300 1305 1310
Leu Asp Ala Gly Asp Pro Pro Pro Asp Leu Val Phe Val Gly Cys Pro
1315 1320 1325
Pro Ala Ala Ala Gly Pro Asp Asp Thr Thr Val Ala Asp Val His Thr

1330 1335 1340

Thr Arg Thr Arg Val Arg Thr Arg Gln Ala Leu Glu Leu Leu Gln Gly
1345 1350 1355 1360
Trp Leu Gly Glu Ala Arg Leu Ala Gly Ala Arg Leu Val Leu Val Thr
1365 1370 1375
Arg Gly Ala Val Ala Thr Gly Pro Ala Gly Gly Gly Met Asp Leu Ala
1380 1385 1390
Gly Ala Ala Ile Cys Gly Leu Val Arg Ser Ala Gln Ala Glu Glu Pro
1395 1400 1405

Asp Arg Ile Leu Leu Val Asp Leu Asp Thr Ala Glu Glu Ser Trp Ala

1410 1415 1420
Ala Leu Pro Arg Ala Val Ala Leu Gly Glu Pro Gln Met Ala Ile Arg
1425 1430 1435 1440
Ala Gly GIn Pro His Met Ala Arg Leu Val Arg Ala Asp Thr Glu Arg
1445 1450 1455
Asp Ala Leu Leu Thr Pro Pro Arg Gly Ser Gly Gly Trp Arg Leu Asp

1460 1465 1470
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Cys Ala Asp Ala Gly Thr Leu Gln Gly Leu Ala Pro Val Ala Ser Ser

1475 1480 1485

Ala Asp His Asp Pro Leu Gly Pro Gln GIn Val Arg Ile Glu Val Arg
1490 1495 1500
Ala Ala Gly Leu Asn Phe Arg Asp Val Leu Val Ala Leu Gly Met Val
1505 1510 1515 1520
Pro Gly Gln Gln Gly Leu Gly Ser Glu Gly Ala Gly Val Val Leu Glu
1525 1530 1535
Ala Gly Pro Glu Val Ala Asp Leu Ala Pro Gly Asp Arg Val Met Gly
1540 1545 1550

Val Phe Ala Asp Ala Phe Gly Pro Phe Ala Ile Ala Asp Arg Ala Thr

1555 1560 1565
Val Ile Arg Val Pro Glu His Trp Thr Phe Ala Gln Ala Ala Ala Val
1570 1575 1580
Pro Val Val Phe Ala Thr Ala Tyr Tyr Gly Leu Val Asp Leu Ala Gly
1585 1590 1595 1600
Leu Arg Pro Gly Glu Ser Val Leu Val His Ala Ala Ala Gly Gly Val
1605 1610 1615
Gly Leu Ala Ala Val Gln Leu Ala Arg His Leu Gly Ala Glu Val Tyr
1620 1625 1630

Ala Thr Ala Ser Pro Gly Lys Trp Asp Thr Leu Arg Ala His Gly Ile
1635 1640 1645
Pro Pro Glu Arg Ile Ala Ser Ser Arg Thr Leu Asp Phe Glu Ser Arg
1650 1655 1660
Phe Thr Gly Arg Asn Ile Asp Val Val Leu Asn Ser Leu Ala His Glu
1665 1670 1675 1680
Tyr Val Asp Ala Ser Leu Arg Leu Val Ser Gly Asp Ser Gly Arg Phe
1685 1690 1695

Leu Glu Met Gly Lys Thr Asp Leu Arg Asp Pro Glu Glu Val Ala Glu

1700 1705 1710

Ala Tyr Pro Gly Val Ala Tyr Arg Ala Tyr Asp Leu Met Glu Ala Gly
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1715 1720 1725
Pro Glu Arg Ile Gly Glu Ile Leu Arg Thr Val Leu Arg Leu Phe Asp
1730 1735 1740
Glu Gly Val Leu Thr Pro Leu Pro Leu Thr Cys Trp Asp Ile Arg Gln
1745 1750 1755 1760
Ala Arg Asp Ala Phe Arg Gln Leu Gln Gln Gly Arg Thr Val Gly Lys

1765 1770 1775

Asn Val Leu Thr Leu Asp Arg Thr Pro Asp Pro Asp Gly Thr Val Leu
1780 1785 1790
Ile Thr Gly Gly Thr Gly Thr Leu Gly Ala Ala Leu Ala Arg His Leu
1795 1800 1805
Ala Ala Thr Gly Arg Ala Arg His Leu Leu Leu Ile Ser Arg Arg Gly
1810 1815 1820
Leu Asp Ala Pro Gly Ala Pro Glu Leu Ile Ala Glu Ile Asp Glu Leu
1825 1830 1835 1840

Gly Ala Ala Thr Thr Val Ala Thr Cys Asp Val Gly Asp Arg Ala Ala

1845 1850 1855
Leu Ala Glu Leu Leu Gly Arg Ile Pro Ala Glu His Pro Leu Thr Ala
1860 1865 1870
Val Val His Ala Ala Gly Thr Leu Asp Asp Ala Thr Leu Gly Ser Leu
1875 1880 1885
Thr Ala Arg His Leu Asp Thr Val Leu Pro Ala Lys Ala Asp Ala Ala
1890 1895 1900
Trp His Leu His Glu Leu Thr Cys Arg Leu Asp Leu Ala Ala Phe Val

1905 1910 1915 1920

Leu Phe Ser Ser Ala Ala Gly Val Leu Gly Ser Pro Gly GIn Gly Asn
1925 1930 1935
Tyr Ala Ala Ala Asn Ala Phe Leu Asp Ala Leu Ala Phe GIn Arg Arg
1940 1945 1950
Ala Met Gly Leu Pro Ala Val Ser Leu Ala Trp Gly Leu Trp Glu Glu
1955 1960 1965

Ala Ser Gly Met Thr Gly His Leu Asp Gln Thr Asp Arg Thr Arg Met
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1970 1975 1980

Ala Arg Val Gly Leu Arg Pro Leu Ala Thr Asn Glu Ala Leu Ala Leu

1985 1990 1995 2000
Phe Asp Asn Ala Leu Val Asp Gly Pro Pro Leu Leu Leu Pro Ala Arg
2005 2010 2015
Ile Asp Thr Lys Ala Leu Arg Gly Thr Thr Ala Pro Pro Leu Phe Gln
2020 2025 2030
Ser Leu Val Arg Pro Thr Thr Gly His Arg Pro Arg Pro Ala Thr Pro
2035 2040 2045
Asp Gly Arg Ser Ser Leu Arg Ala Arg Leu Ala Gly Leu Asp Pro Ala

2050 2055 2060

Ala Gln His Glu Val Leu Leu Thr Leu Val Arg Gly His Ala Ala Thr
2065 2070 2075 2080
Val Leu Gly His Pro Ser Pro Asp Ala Ile Ala Pro Glu Ala Ala Phe
2085 2090 2095
Arg Asp Leu Gly Phe Asp Ser Leu Thr Ala Val Glu Leu Arg Asn Arg
2100 2105 2110
Leu Lys Glu Ala Thr Gly Leu Arg Leu Pro Ala Thr Leu Val Phe Asp
2115 2120 2125

His Pro Thr Pro Ala Ala Leu Ala Gln His Leu Arg Asp Gly Leu Ile

2130 2135 2140
Gly Gly Ala Asp Ala Ala Thr Leu Ala Ser Ala Pro Ala Pro Ser Glu
2145 2150 2155 2160
Val Ala Thr Val Ala Asp Glu Ala Ile Ala Ile Ile Gly Met Ala Cys
2165 2170 2175
Arg Tyr Pro Gly Gly Val Arg Ser Ala Glu Gly Leu Trp Asp Leu Val
2180 2185 2190
Ala Ser Gly Thr Asp Ala Met Ser Gly Phe Pro Thr Asp Arg Gly Trp

2195 2200 2205

Asp Leu Asp Arg Leu Tyr Ala Pro GIn Asp Gln Asp Arg Pro Gly Thr

2210 2215 2220

-212 -

ZIHSd 10-2017-0035346



Thr Tyr Thr Arg His Gly Gly Phe Leu His Asp Ala Gly Lys Phe Asp
2225 2230 2235 2240
Ala Gly Phe Phe Gly Ile Gly Pro Arg Glu Ala Leu Ala Met Asp Pro
2245 2250 2255
Gln Gln Arg Leu Leu Leu Glu Thr Ser Trp Glu Val Phe Glu His Ala
2260 2265 2270

Gly Ile Asp Pro Ser Ser Val Arg Arg Ser Arg Thr Gly Val Phe Ala

2275 2280 2285
Gly Val Met Pro Thr Asp Tyr Gly Pro Arg Leu Gln Asp Thr Val Ala
2290 2295 2300
Glu Val Glu Gly Tyr Val Leu Thr Gly Asn Ser Gly Ser Val Ala Ser
2305 2310 2315 2320
Gly Arg Ile Ala Tyr Thr Phe Gly Leu Glu Gly Pro Ala Val Ser Val
2325 2330 2335
Asp Thr Ala Cys Ser Ser Ser Leu Val Ala Leu His Leu Ala Cys Gln

2340 2345 2350

Ala Leu Arg Ala Gly Glu Cys Ser Met Ala Leu Ala Gly Gly Val Thr
2355 2360 2365
Val Met Ala Thr Pro Gly Ala Phe Val Glu Phe Ala Arg Gln Arg Gly
2370 2375 2380
Leu Ser Val Asp Gly Arg Cys Lys Ala Phe Gly Val Gly Ala Asp Gly
2385 2390 2395 2400
Thr Gly Trp Ala Glu Gly Val Gly Met Leu Leu Val Glu Arg Leu Ser
2405 2410 2415

Asp Ala Arg Arg Leu Gly His Arg Val Leu Ala Val Val Arg Gly Ser

2420 2425 2430
Ala Val Asn Gln Asp Gly Ala Ser Asn Gly Leu Thr Ala Pro Asn Gly
2435 2440 2445
Pro Ser GIn GIn Arg Val Ile Arg Gln Ala Leu Ala Ser Ala Arg Val
2450 2455 2460
Gly Gly Ala Asp Val Asp Val Val Glu Gly His Gly Thr Gly Thr Arg

2465 2470 2475 2480
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Leu Gly Asp Pro Ile Glu Ala Gln Ala Leu Leu Ala Thr Tyr Gly Gln

2485 2490 2495

Glu Arg Ser Gly Asp Glu Pro Leu Trp Leu Gly Ser Val Lys Ser Asn
2500 2505 2510
Ile Gly His Ala Gln Ala Ala Ala Gly Val Ala Gly Val Ile Lys Met
2515 2520 2525
Val Met Ala Met Arg Cys Gly Val Leu Pro Arg Thr Leu His Val Gln
2530 2535 2540
Glu Pro Ser Pro His Val Asp Trp Ser Ser Gly Gly Val Arg Leu Leu
2545 2550 2555 2560

Thr Glu Ala Val Pro Trp Pro Glu Thr Gly Arg Ala Arg Arg Ala Gly

2565 2570 2575
Val Ser Ser Phe Gly Val Ser Gly Thr Asn Ala His Ile Ile Leu Glu
2580 2585 2590
GIn Ala Pro Pro Glu Glu His Asp Asp Pro Ala Asp Val Ser Ser Gly
2595 2600 2605
Ser Phe Pro Trp Met Val Ser Ala Lys Ser Glu Gln Ala Leu Gln Ala
2610 2615 2620
GIn Ala Ala Gln Leu Arg Ala Tyr Leu Ala Ala Arg Pro Gly Val Gly
2625 2630 2635 2640

Leu Ala Asp Val Gly Tyr Ala Leu Ala Ala Gly Arg Thr Ala Phe Asp
2645 2650 2655
His Arg Ala Val Leu Leu Gly Pro Asp Arg Glu Ala Phe Leu Glu Gly
2660 2665 2670
Leu Gly Ala Leu Gly Ala Gly Glu Glu His Ala Gly Leu Val Arg Gly
2675 2680 2685
Val Ala Thr Gly Ala Gly Lys Leu Ala Phe Val Cys Ser Gly Gln Gly
2690 2695 2700

Thr Gln Arg Pro Arg Met Gly His Glu Leu Tyr Arg Ala Phe Pro Leu

2705 2710 2715 2720

Phe Ala Ala Ala Met Asp Glu Ala Cys Ala Tyr Leu Asp Pro His Leu
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2725 2730 2735
Asp Arg Pro Leu Arg Asp Val Val Phe Ala Glu Pro Asp Ser Gly Thr
2740 2745 2750
Ala Arg Leu Leu GIn Gln Thr Arg Tyr Ala Gln Pro Ala Leu Phe Ala
2755 2760 2765
Leu Gln Val Ala Leu His Arg Leu Val Thr Glu His Tyr Gly Leu Thr

2770 2775 2780

Pro His Tyr Tyr Ala Gly His Ser Leu Gly Glu Ile Thr Ala Ala His
2785 2790 2795 2800
Leu Ala Gly Ile Leu Thr Leu Cys Asp Ala Ala Arg Leu Val Thr Thr
2805 2810 2815
Arg Ala Arg Leu Met Gln Ser Leu Pro Ala Thr Gly Ala Met Thr Thr
2820 2825 2830
Leu Gln Ala Asp Pro Asp Glu Leu His Glu His Leu Ala Arg Cys Glu
2835 2840 2845

Gly Arg Val Ser Leu Ala Ala Val Asn Ala Pro Gly Ser Val Val Ile

2850 2855 2860
Ser Gly Asp Arg His Asp Val Asp Ala Thr Ala Glu Asn Phe Arg Ala
2865 2870 2875 2880
Met Gly Arg Lys Thr Thr Pro Leu Lys Val Ser Gly Ala Phe His Ser
2885 2890 2895
His His Ile Asp Pro Leu Leu Asp Glu Leu Arg Ala Thr Ala Glu Thr
2900 2905 2910
Leu Thr Tyr His Pro Pro His Thr Pro Leu Ile Thr Thr Asp Leu Thr

2915 2920 2925

Asp Gln Asp Pro Thr Thr Pro Gly Tyr Trp Val Arg Gln Thr Arg Glu
2930 2935 2940
Thr Val His Tyr Ala His Thr Thr Gln Gln Leu His Thr His Gly Val
2945 2950 2955 2960
Thr Ala Tyr Leu Glu Leu Gly Pro Asp Thr Thr Leu Thr Thr Leu Thr
2965 2970 2975

His His Asn Leu Pro His His Thr Pro Leu Ala Ile Pro Leu Leu His

- 215 -

ZIHSdl 10-2017-0035346



2980 2985 2990

Pro Asp Gln Pro Glu Thr His Thr Thr His Thr Ala Leu Ala His Leu

2995 3000 3005
His Thr His Gly His Pro Thr Thr Trp His His His His Thr Pro Thr
3010 3015 3020
His His His Pro Asn Leu Pro Thr Tyr Pro Phe Gln His His His Tyr
3025 3030 3035 3040
Trp Leu Asn Thr Thr Thr Ala Thr Gly Asp Met Ser Ala Ala Gly Leu
3045 3050 3055
Glu Pro Ala Arg His Pro Leu Leu Gly Ala Ala Val Glu Leu Ala Asp

3060 3065 3070

Gly Glu Gly Leu Leu Phe Thr Gly Arg Ile Ser Leu Arg Thr His Pro
3075 3080 3085
Trp Leu Ala Asp His Ala Val Gly Gly Ala Val Leu Leu Pro Gly Thr
3090 3095 3100
Ala Phe Leu Glu Leu Ala Leu Glu Ala Ala Ala His Val Asp Cys His
3105 3110 3115 3120
Arg Ile Glu Glu Leu Thr Leu His Thr Pro Leu Val Val Pro Glu Ser
3125 3130 3135

Gly Gly Val Val Leu Gln Val Thr Val Ala Gly Pro Asn Glu Ala Gly

3140 3145 3150
Asn Arg Ala Val Asp Ile Tyr Ser Arg Ile Asp Val Gly Gly Leu Thr
3155 3160 3165
Ala Asp Ser Val Gly Glu Pro Trp Thr Arg His Ala Ala Gly Tyr Leu
3170 3175 3180
Ala Asp Lys Pro Gly Pro Asp Cys Gly Asp Ser Ala Asp Gly Val Met
3185 3190 3195 3200
Pro Ala Gly Ala Trp Pro Pro Pro Gly Ala Val Ala Val Asp Leu Glu

3205 3210 3215

Glu Leu Tyr Glu Gln Leu Ala Glu Gly Gly Phe His Tyr Gly Ala Ala

3220 3225 3230
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Phe Arg Cys Leu Asp Ala Ala Trp Gln Arg Gly Asp Glu Val Phe Ala
3235 3240 3245
Thr Val His Met Ser Glu Asn Gln Leu Gly Asp Thr Ala Ala Ala Arg
3250 3255 3260
Phe Ala Leu His Pro Ala Leu Leu Asp Ser Ala Leu His Thr Ile Pro
3265 3270 3275 3280

Leu Leu Pro Ser Leu Gln Gly Gln GIn Asp Ser Gly Leu Pro Phe Thr

3285 3290 3295
Trp Ala Gly Val Thr Leu Arg Ala Ser Gly Ala Thr Ala Leu Arg Val
3300 3305 3310
Arg Leu Arg Pro Asp Gly His Gly Pro Gly Ala Val Ser Val Asp Val
3315 3320 3325
Ser Asp Glu Ala Gly Glu Pro Val Ala Ser Val Arg Ser Leu Ala Leu
3330 3335 3340
Arg Pro Val Thr Arg Val Glu Leu His Thr Ala Glu Leu Arg Thr Ala

3345 3350 3355 3360

Ala Pro Val Ala Pro His Ser Ser Leu Phe Glu Val Arg Trp Glu Pro
3365 3370 3375
Val Pro Gln Pro Ser Ala Ala Glu Glu Ala Asp Pro Trp Val Met Ile
3380 3385 3390
Gly Thr Gly Pro Thr Leu Arg Pro Asp Glu Asp Phe Ala Thr Pro Pro
3395 3400 3405
Glu Arg Thr Tyr Ala Asp Leu Ala Ala Leu Cys Ala Ala Val Ala Asp
3410 3415 3420

Gly Ala Pro Val Pro Arg Thr Val Val Ala Trp Ser Gln Ala Gly Ser

3425 3430 3435 3440
Glu Asp Glu Ser Ser Glu Ala Leu Arg His Ala Thr His His Met Leu
3445 3450 3455
Gly Leu Leu GIn Gln Trp Leu Ala Asp Ser Arg Phe Val Asp Ser Arg
3460 3465 3470
Leu Val Ile Leu Thr Arg Ala Ala Val Ala Thr Ala Pro Glu Glu Glu

3475 3480 3485
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Val Lys Asp Leu Ala Gly Ala Ala Thr Arg Gly Leu Ile Arg Ser Ala

3490 3495 3500

Gln Ser Glu His Pro Asp Arg Phe Val Leu Leu Asp Leu Asp Asp Arg
3505 3510 3515 3520
Pro Ala Asp Ala Lys Asp His Asp Arg Met Leu Ser Val Ala Leu Ala
3525 3530 3535
Cys Gly Glu Pro Glu Val Ala Val Arg Asp Gly Ala Leu Arg Thr Pro
3540 3545 3550
Arg Leu Ser Pro Leu Ala Gly Thr Ala Thr Glu Ala Met Asp Glu His
3555 3560 3565

Pro Trp Asp Pro Asp Gly Thr Val Leu Ile Thr Gly Gly Thr Gly Ser

3570 3575 3580
Leu Gly Ala Met Leu Ala Arg His Leu Val Ala Thr His Gly Val Arg
3585 3590 3595 3600
His Leu Leu Leu Ile Ser Arg Arg Gly Leu Asp Ala Pro Gly Ala Arg
3605 3610 3615
Arg Gln Gly Asn Glu Leu Val Glu Leu Gly Ala Gln Leu Thr Ile Ala
3620 3625 3630
Ala Cys Asp Ala Ala Asp Gln Arg Gln Leu Ala Asn Ala Leu Ser Glu
3635 3640 3645

Ile Ser Val Asp His Pro Leu Thr Ala Val Val His Ala Ala Gly Val
3650 3655 3660
Leu Asp Asp Gly Val Ile Thr Ser Leu Thr Pro Glu Asp Leu Thr His
3665 3670 3675 3680
Val Leu Arg Ala Lys Val Asp Ser Ala Leu Asn Leu His Gln Leu Thr
3685 3690 3695
Arg Asp Leu Pro Leu Ser Ala Phe Val Leu Phe Ser Ser Leu Ala Gly
3700 3705 3710

Val Met Gly Ser Ala Gly Gln Gly Asn Tyr Ala Ala Ala Asn Ala Ala

3715 3720 3725

Leu Asp Ala Leu Ala Ser His Arg Arg Ala Thr Arg Leu Pro Ala Val
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3730 3735 3740
Ser Leu Ala Trp Gly Val Trp Glu Gln Thr Glu Gly Met Thr Gly Gln
3745 3750 3755 3760
Leu Glu Ala Thr Gly His Ala Arg Leu Arg Arg Ser Gly Leu Arg Pro
3765 3770 3775
Leu Ala Thr Ser Glu Gly Leu Glu Leu Phe Asp Lys Ala Leu Ser Cys

3780 3785 3790

Gly His Ala Leu Val Val Pro Ala Ala Leu Ser Thr Lys Glu Leu Gln
3795 3800 3805
Thr Ser Gly Ser Val Pro Pro Phe Leu Arg His Val Thr Gly Val Ala
3810 3815 3820
Pro Ala Arg Pro Ser Arg Thr Arg Asp Ala Ser Ala Gly Glu Pro Thr
3825 3830 3835 3840
Pro Leu Arg Arg Arg Leu Thr Gly Leu Gly Pro Glu Glu Arg Leu Arg
3845 3850 3855

Glu Val Leu Arg Leu Val Arg Ser Arg Ala Ala Ala Val Leu Gly His

3860 3865 3870
Gly Thr Ala Glu Ala Val Pro Ala Asp Ser Ala Phe Arg Asp Leu Gly
3875 3880 3885
Phe Asp Ser Leu Ala Ala Val Asp Leu Arg Asn Arg Leu GIn Gln Ala
3890 3895 3900
Thr Gly Leu Arg Leu Pro Ala Gly Leu Ile Phe Asp Arg Pro Arg Pro
3905 3910 3915 3920
Asp Val Leu Ala Arg Phe Leu Cys Asp Glu Leu Ala Gly Val Gly Gly

3925 3930 3935

Thr Ser Ala Ala Thr Ala Ala Pro Pro Val Ala Ala Val Gly Gly Ala
3940 3945 3950
Ala Gly Glu Pro Val Ala Ile Val Gly Met Ala Cys Arg Phe Pro Gly
3955 3960 3965
Gly Val Arg Ser Ala Glu Gly Leu Trp Asp Leu Val Ala Ser Gly Met
3970 3975 3980

Asp Ala Val Gly Asp Phe Pro Thr Asp Arg Gly Trp Glu Val Glu Arg
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3985 3990 3995 4000

Leu Tyr Asp Pro Asp Pro Asp Arg Thr Gly Thr Ser Tyr Thr Arg Gln

4005 4010 4015
Gly Gly Phe Leu Tyr Asp Ala Gly Glu Phe Asp Ala Ala Phe Phe Gly
4020 4025 4030
Ile Gly Pro Arg Glu Ala Val Ala Met Asp Pro Gln Gln Arg Leu Leu
4035 4040 4045
Leu Glu Ile Ser Trp Glu Ala Leu Glu Arg Ala Gly Ile Asp Pro Ala
4050 4055 4060
Ser Leu Arg Gly Ser Ser Thr Gly Val Phe Ala Gly Val Met Tyr His

4065 4070 4075 4080

Asp Tyr Gly Thr Arg Leu Arg Glu Ile Pro Glu Gly Tyr Glu Gly Tyr
4085 4090 4095
Ile Gly Asn Gly Asn Ala Gly Ser Val Ala Ser Gly Arg Val Ser Tyr
4100 4105 4110
Thr Phe Gly Leu Glu Gly Pro Ala Val Thr Val Asp Thr Ala Cys Ser
4115 4120 4125
Ser Ser Leu Val Ala Leu His Leu Ala Cys GIn Ala Leu Arg Ser Gly
4130 4135 4140

Glu Cys Ser Met Ala Leu Ala Gly Gly Val Thr Val Met Ser Thr Pro

4145 4150 4155 4160
Thr Thr Phe Val Glu Phe Ser Arg Gln Arg Gly Leu Ala Pro Asp Gly
4165 4170 4175
Arg Cys Lys Ser Phe Gly Ala Gly Ala Asp Gly Thr Gly Trp Ala Glu
4180 4185 4190
Gly Ala Gly Met Leu Leu Val Glu Arg Leu Ser Asp Ala Arg Arg Asn
4195 4200 4205
Gly His Arg Val Leu Ala Val Val Arg Gly Ser Ala Val Asn Gln Asp

4210 4215 4220

Gly Ala Ser Asn Gly Leu Thr Ala Pro Asn Gly Pro Ser Gln Glu Arg

4225 4230 4235 4240
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Val Ile Arg Gln Ala Trp Ala Asn Ala Gly Val Ala Ala Met Asp Ile
4245 4250 4255
Asp Ala Val Glu Gly His Gly Thr Gly Thr Thr Leu Gly Asp Pro Ile
4260 4265 4270
Glu Ala Gln Ala Leu Leu Gly Thr Tyr Gly Gln Gly Arg Ser Ala Asp
4275 4280 4285

Arg Pro Leu Trp Leu Gly Ser Ile Lys Ser Asn Val Gly His Thr Gln

4290 4295 4300
Ala Ala Ala Gly Val Gly Gly Val Ile Lys Met Val Met Ala Met Arg
4305 4310 4315 4320
His Gly Leu Leu Pro Gln Thr Leu His Ala Glu Glu Pro Ser Pro His
4325 4330 4335
Val Asp Trp Ser Gly Gly Thr Val Arg Leu Leu Thr Glu Pro Val Ala
4340 4345 4350
Trp Pro Glu Arg Gly Arg Met Arg Arg Ala Gly Val Ser Ser Phe Gly

4355 4360 4365

Val Ser Gly Thr Asn Ala His Val Ile Leu Glu Gln Ala Pro Pro Asn
4370 4375 4380
Ala Glu Thr His Glu Pro Ala Glu Pro His Thr Ala Pro Gly Pro Leu
4385 4390 4395 4400
Pro Trp Thr Ile Ser Ala Lys Ser Pro Gln Ala Leu Arg Ala Gln Ala
4405 4410 4415
Arg Gln Leu His Thr Tyr Leu Thr Asn Thr Pro Glu Ala Asn Pro Ala
4420 4425 4430

Asp Val Gly His Thr Leu Ala Met Gly Arg Ala Ser Phe Glu His Arg

4435 4440 4445
Ala Val Val Ile Gly Ser Asp Arg Gly Glu Phe Leu Gly Gly Leu Asp
4450 4455 4460
Ala Val Ala Ala Asp Glu Ala His Ser Ala Val Val Thr Gly Ile Ala
4465 4470 4475 4480
Arg Lys Ala Gly Asp Leu Gly Lys Val Val Phe Val Phe Pro Gly Gln

4485 4490 4495
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Gly Gly Gln Trp Ala Gly Met Gly Leu Arg Leu Leu Lys Thr Ser Pro
4500 4505 4510

Val Phe Ala Gln Ser Ile Gln Ala Cys Glu Gln Ala Leu Ala Pro His
4515 4520 4525
Thr Asp Trp Thr Leu Thr Asp Ile Leu His Arg Pro His Thr Asp Pro
4530 4535 4540
Leu Trp Gln Arg Ala Asp Val Ile Gln Pro Ala Leu Phe Ala Leu Met
4545 4550 4555 4560
Thr Ser Leu Thr Thr Leu Trp Gln Ser His Gly Leu Asn Pro Asp Ala
4565 4570 4575

Val Ile Gly His Ser Gln Gly Glu Ile Thr Ala Ala His Ala Cys Gly

4580 4585 4590
Ala Leu Ser Leu Glu Asp Ala Ala Lys Ile Val Ala Leu Arg Ser Gln
4595 4600 4605
Thr Leu Gln Thr Leu Gln Gly Ser Gly Gly Met Ala Ser Val Pro Leu
4610 4615 4620
Pro Ala Asp Gln Val Thr Ala Leu Leu His Thr Met Trp Pro Asp Gln
4625 4630 4635 4640
Leu Trp Val Ala Ala Ile Asn Ala Pro Thr Thr Thr Val Ile Ser Gly

4645 4650 4655

Asp Thr Gln Ala Leu Thr Gln Ala Leu Asn His Tyr Arg Asp Gln Asp
4660 4665 4670
Ile Asp Ala Lys Arg Ile Pro Val Asp Tyr Ala Ser His Cys Pro His
4675 4680 4685
Ile GIn Ala Val GIn His Glu Leu Ser Asp Leu Leu Gln Asp Ile Thr
4690 4695 4700
Pro Arg Ala Ala Thr Thr Pro Phe Tyr Ser Thr Thr Asp Asn Gln Trp
4705 4710 4715 4720

Thr Asp Thr Thr Thr Leu Asn Ala His Tyr Trp Tyr Arg Asn Leu Arg

4725 4730 4735

Gln Pro Val His Leu Thr Asn Ala Ile Thr Asn Leu Thr His Gln Gly

- 222 -

ZIHSd 10-2017-0035346



4740 4745 4750
His His Thr Tyr Ile Glu Ile Ser Pro His Pro Thr Leu Thr Pro Ala
4755 4760 4765
Ile GIn Glu Thr Thr His Thr Thr His Thr Pro Thr Thr Val Ile Ser
4770 4775 4780
Thr Leu Arg Arg Asn His Asn Asp Thr His Gln Leu Leu His Ala Leu

4785 4790 4795 4800

Ala His Ala His Thr Thr Gly His Pro Ile Asn Trp His Pro Thr His
4805 4810 4815
Gln His His Thr Pro Thr Pro Gln His Thr Asp Leu Pro Thr Tyr Pro
4820 4825 4830
Phe Gln His Gln Arg Tyr Trp Leu Asn Thr Pro Thr Gln Thr Gly Asp
4835 4840 4845
Ala Ala Ala Ile Gly Leu Asp Pro Ala His His Pro Leu Leu Gly Ala
4850 4855 4860

Ala Val Ala Val Ala Glu Gly Glu Gly Tyr Leu Leu Thr Gly Arg Leu

4865 4870 4875 4880
Ala Leu Ser Thr His Pro Trp Leu Ala Asp His Thr Ile Ala Gly Ala
4885 4890 4895
Val Val Leu Pro Gly Thr Ala Leu Leu Glu Ile Ala Leu Gln Ala Gly
4900 4905 4910
His Arg Val Asp Cys His Arg Ile Glu Glu Leu Thr Leu GIn Ser Pro
4915 4920 4925
Leu Phe Ile Pro Glu Glu Gly Ala Val GIn Val Gln Ala Trp Val Ala
4930 4935 4940

Ala Pro Asp Glu Asn Gly Tyr Arg Ser Leu Thr Val Ser Ser Arg Arg
4945 4950 4955 4960
Glu Gly Thr Tyr Glu Asp Ala Thr Trp Val Arg His Ala Thr Gly Arg
4965 4970 4975
Val Gly Pro Ala Pro Ala Asp Gln Asp Asp Ala Ile Ala Arg Leu Thr
4980 4985 4990

Asp Pro GIn Gly Asp Gly Ala Ala Ala Val Trp Pro Pro Gln Gly Ala
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4995 5000 5005

Val Ala Phe Thr Ala Asp Asp Leu Glu Gly Leu Tyr Asp Gly Tyr Ala

5010 5015 5020
Ala Arg Gly Phe Glu Tyr Gly Pro Val Phe Arg Gly Leu Arg Ala Ala
5025 5030 5035 5040
Trp Arg Arg Gly Glu Asp Ile Phe Ala Glu Val Arg Leu Pro Asp Thr
5045 5050 5055
Ala Asp Gly Asp Ala Ser Gln Phe Ser Val His Pro Ala Leu Leu Asp
5060 5065 5070
Ala Ala Leu His Ala Ala Ala Phe Arg Pro Ala Asp Glu Leu Pro His

5075 5080 5085

Gly Ala Leu Pro Phe Ser Phe Ser Gly Val Arg Leu His Gly Pro Gly
5090 5095 5100
Ala Ser Thr Leu Arg Val Arg Leu Thr Pro Asp Gly Gln Ala Arg Asp
5105 5110 5115 5120
Thr His Ala Trp Ser Val Ala Val Val Asp Gly Glu Gly Arg Pro Val
5125 5130 5135
Ala Ser Ile Ala Ser Leu Ala Val Arg Pro Val Ser Thr GIn Glu Leu
5140 5145 5150

Leu Ala Ala Ser Gly Thr Ala Arg Arg Asp Ser Leu Phe Ala Val Glu

5155 5160 5165
Trp Val Thr Ala Pro Ala Pro Thr Ser Ser Ser Ala Pro Arg Arg Leu
5170 5175 5180
Ala Thr Val Gly Pro Ser Asp Arg Leu Pro Ser Ala Asp Ala Tyr Ala
5185 5190 5195 5200
Asn Leu Ala Asp Leu Ala Ala Ala Val Leu Glu Ala Glu Ala Pro Ala
5205 5210 5215
Pro Asp Ala Val Val Val Asp Cys Gly Arg Arg Asp Ala Arg Ala Thr

5220 5225 5230

Ala Val Ala Glu Asp Val Arg Thr Leu Thr Arg Arg Ile Leu Gly Leu

5235 5240 5245
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Leu GIn Glu Trp Leu Ala Asp Glu Arg Pro Ala Ser Ser Arg Met Val
5250 5255 5260
Val Leu Thr Arg Gly Ala Val Ala Thr Thr Pro Gly Glu Asp Val Ala
5265 5270 5275 5280
Asp Leu Ala Gly Ala Ala Val Cys Gly Met Val Arg Ser Ala Gln Ser
5285 5290 5295

Glu His Pro Gly Arg Phe Val Leu Leu Asp Leu Asp Pro Asp Pro Asp

5300 5305 5310
Leu Asp Gly Gly Glu Val Pro Pro Thr Val Val Pro Ala Ala Leu Ala
5315 5320 5325
Cys Gly Glu Pro Gln Ile Ala Val Arg Ala Asn Arg His Leu Val Pro
5330 5335 5340
Arg Leu Thr Arg Val Pro Val Ser Val Pro Val Pro Gly Pro Val Pro
5345 5350 5355 5360
Val Pro Ala Ala Glu Ala Ala Asp Gln Asp Thr Thr Pro Thr Ala Phe

5365 5370 5375

Asp Pro Asp Gly Thr Val Leu Ile Thr Gly Gly Thr Gly Thr Leu Gly
5380 5385 5390
Ala Val Leu Ala Arg His Leu Val Ser Arg His Gly Val Arg His Leu
5395 5400 5405
Leu Leu Ala Ser Arg Arg Gly Pro Asp Ala Pro Gly Ala Thr Glu Leu
5410 5415 5420
Arg Ala Glu Leu Ala Glu Leu Gly Ala Glu Ala Thr Val Arg Ala Cys
5425 5430 5435 5440

Asp Thr Gly Asp Arg Gly Ala Leu Ala Asp Leu Ile Ala Gly Ile Pro

5445 5450 5455
Thr Gly His Pro Leu Thr Gly Val Val His Ala Ala Gly Val Leu Asp
5460 5465 5470
Asp Ala Thr Val Ala Ser Leu Thr Pro Arg His Leu Asp Thr Ala Leu
5475 5480 5485
Thr Pro Lys Ala Asp Ala Ala Phe His Leu His Glu Leu Thr Arg His

5490 5495 5500
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Ala Arg Pro Arg Ala Phe Val Leu Phe Ser Ser Ala Ala Gly Val Leu

5505 5510 5515 5520

Gly Ala Ala Gly Gln Gly Asn Tyr Ala Ala Ala Asn Ala Phe Leu Asp
5525 5530 5535
Ala Leu Ala Glu His Arg Arg Ala Gln Gly Leu Pro Ala Leu Ser Leu
5540 5545 5550
Ala Trp Gly Leu Trp Glu Gln Gly Ser Gly Met Thr Gly His Leu Asp
5555 5560 5565
Arg Thr Asp Arg Ala Arg Ile Asn Arg Ser Gly Leu Ala Pro Leu Ala
5570 5575 5580

Thr Glu Asp Ala Leu Ala Leu Phe Asp Ala Ala Leu Ala Gly Asp Arg

5585 5590 5595 5600
Pro Phe Leu Val Pro Ala Arg Leu Asp Leu Arg Gly Ser Ser Ala Ala
5605 5610 5615
Glu Thr Pro Ala Pro Leu Phe Ser Arg Ile Ala Pro Ala Arg Thr Thr
5620 5625 5630
Arg Gly Arg Thr Pro Gly Ala Glu Gly Ala Ala Asp Leu Arg Thr Arg
5635 5640 5645
Leu Ala Ala Gln Asp Ala Thr Glu Gln Arg Asp Thr Leu Leu Thr Ile

5650 5655 5660

Val Arg Thr His Thr Ala Ala Val Leu Gly His Asp Thr Ala Ala Ala
5665 5670 5675 5680
Val Arg Pro Asp Ala Ala Phe Arg Glu Leu Gly Phe Asp Ser Leu Ala
5685 5690 5695
Ala Val Glu Leu Arg Asn Arg Leu Gln Thr Thr Thr Ala Leu Thr Leu
5700 5705 5710
Pro Ala Thr Thr Val Phe Asp His Pro Thr Pro Ala Ala Leu Ala Asp
5715 5720 5725

His Leu Arg Thr Gln Leu Cys Gln Asp Ala Pro Ser Pro Ala Ala Ala

5730 5735 5740

Thr Ala Met Ala Ala Met Ala Glu Leu Ala Arg Leu Glu Ser Ala Val
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5745

5750

5755

5760

Ser Asp Ser Ala Ala Leu Asp Asp Asp Thr Arg Ser Gly Leu Ala Glu

5765

5770

5775

Arg Leu Arg Ser Leu Ala Arg Lys Met Ser Ser Gly Arg Val Val Asp

5780

5785

5790

His Asn Gly Gly Gly Ala Ala Gly Leu Asp Leu Gln Ser Ala Thr Asp

5795

5800

5805

Asp Glu Met Phe Glu Leu Ile Asp Lys Glu Val Ser Arg Asp

5810

<210> 77

<211> 17481

<212> DNA

5815

<213> Artificial Sequence

<220><223>

5820

milA3 gene of Streptomyces bingchenggensis

<400> 77

atggccgctg
cggcagaggg
ggcatggcect

gcegeceggtce

ctgtacgacc
taccaggcag
atggacccgc
atcgacccgg
gactacggct
agcggegecg

gtgaccgtgg

ctgegggeeg
agcctgttceg
tacggggegg
cggctcacgg
gtcaaccagg

gccatcegge

gccacgacaa
aacagatcca
gcegcetatcece

gtgacgccat

ccgatccgga
gggagttcga
agcagcggct
ccteggtgeg
ccecggetgea
gegtggegtce

acaccgcctg

gcgagtgcetce
tcgagtactc
gggcggacgg
acgcacagcg
acggcegegag

aggcactggc

ggtgatcgag
ccggcetcact
gggcggagtg

cggcaccttc

gcggeccggc
cceeggttte
gctgetggag
cggcagecgce
caccgtcccc
cggeegggtce

ctcctecteg

actcgccctg
ccggceagegce
caccggctgg
cctecggecac
caacggcctc

gagegecegssg

gegetgeggg
acggeggegce
ggatcgeegg

cccgaggace

acctcgtgta
ttcgggatca
atctcctggg
accggggtgt
gaaggcttcg
gcctacacce

ttggtcgecce

g€gg8cgess
gegetegegg
gcagaaggcg
cgggtgetgg
accgccececcea

gtgtcggegt

cgtcectcaa
gggaacccat
aggacctgtg

ggggctggga

cccagcatgg
gceegegega
aggtgttcga
tcgegggegt
agggctatgt
tcggectcega

tgcacctgge

tgacggtgat
cagacggccg
ccgggatgct
cggtggtecg
acggceccege

ccgaggtcga

gaccaacgag
cgccatcatc
ggagctggtg

cgtggagegg

cggattcctg
ggegetggeg
gcggeccgeg
catgtaccac
cggcaacggce
aggccecggcece

ctgccaggceg

gtccacccce
gtgcaaggeg
gctggtggaa
gggcagegcg
gcaacaacgg

cgecegtggag
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240

300
360
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720
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900
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gggcatggga

tacggtcagc
ggccatgege
agcgggacgce
tcgggegegg
cgcgeegegg
gcatcgcaga

gcaccgeacg

gcgacggecg
gagctgcetge
caccgcgcag
gcaggggage
gcgggegtgg
ctgctggaga

ccgtatgcecg

gagecgegacceg
tggcgetcegt
gcecgeccaca
agccgggecce
gacgaggtca
acggccacgg

gaccagggceg

gaagcegtgg
atccecttct
tactggtacc
gccgecgagt
gaggacacca
gaggacgacg

gtggegtggg

cggggacgceg

agcggcecegce
aggceggecege
tgccgegceac
tacggctgct
tgtcctectt
cggcgecgea

gcgegeegss

aggcgetgceg
gceecgecga
tcgtectcegg
ggccggacga
tgttegtcett
cctegtegtt

actggtcgct

atgtcgtcca
acggcgtcga
tctgeggege
tgcagaccct
ccgggetget
tgatctccgg

tcgaagcgaa

agcaggagct
actccaccgt
gcaatctgcg
accggacgta
ctgaggccgce
cccaccgcat

accgccacta

gctgggegat

ggaccggceceg
cggegtgggc
cctgcacgceg
gaccgagcecg
cggggtcage
gacggattcc

ccatgccgtg

ggccecaggece
cgtcgggcac
ctccgaccgg
cggcteggtce
cccgggacag
cttcgecgag

gctcgacgtt

gccgatgetg
accggacgcec
gctgaccctg
gegeggtteg
gcggaccgac
cgacgcggac

gegggtcececeg

gctgggectg
ggacaaccag
ccggececgta
tgtcgaggtc
cggegtcegeg
cctgacctceg

ccgggegetce

ccgatcgagg

ctgtggctcg
gggatcatca
gacgagccegt
gtcgectgge
ggcaccaacg
gcgtcgcagg

g€ggggcege

ggggagetge
accctggtct
gaaaccctge
gtacggggcea
ggcggccagt
cggatggegg

ctgegeeggg

ttctcggtga
gtactcggcc
gacgacgcecg
ggcggcatgg
tctctgtggg
tctctggcgg

gtcgactacg

ttgcggggga
tgggccgaca
cgcttegeceg
ggcecgeacce
gccacggttg
ctggeeeggg

gececccgagg

cgcaggegtt

ggtcgatgaa
agatggtgat
cgccacacat
cggagcgega
cccatgtgat
cggaaaccga

tgctetggec

gtcgettegt
tcggecegcetce
tgcgegetct
tggeggeege
gggeceggeat
agtgcgaggce

acccegggga

tggtgtcget
actcccaggg
cgaaggttgt
ccteegtacc
tggcegecegt
aggcgetgga

cctceccactg

tcgctccaag
ccatgggact
aagcgctcceg
ccaccctcac
tcggatccect
ctcatattca

cgaaccatgt

gctggcegacce

gtccaacgtc
ggccatgegg
cgactgggac
ccggeecege
cctcgaggcec
cgacgctccc

cttgtcgggce

ggeggecegat
ggacctcgca
ggacactctg
cggggceceggt
ggggetgegg
ggegttggea

cceggtetgg

ggcgeagetg
cgagatcgcc
cgegetgege
actgccggceg
caacgccccce
acactaccgg

cccgeatatce

ggcegeegac
cgacgccegg
cgeectegge
cceegecatce
gcgeegegge
tggectgecce

cgacctgcecc
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1140
1200
1260
1320
1380
1440

1500

1560
1620
1680
1740
1800
1860

1920

1980
2040
2100
2160
2220
2280

2340

2400
2460
2520
2580
2640
2700
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acctacgcct
acggecegegg
gagggcgacg
gaccacgcgg
cacgtcggceg
gtccteeeceg

ggcegeegeg

geecgegggcg
ggcatcagcg
gagcccctgg
ccggecttcec
cggctecececeg
gacgcegege

catggcctgce

ctgcgegtac
acgggegegce
ctgegggecc
cccgageecce
tgggctgeeg
ggactggtga

ccteeggetg

cgtgtccgta
gcegegegega
gtgatggacc
cccgaccgta
cgggeggteg
cggetggttc

ggctggegge

tcggcecgacce
ctgaacttcc

agcgagegscyg

tccagegeceg
ggctggecce
gatatctgct
tcgeeggceac
gacacctcgg
acaccggegg

cactgagcgt

cgtggacacg
gtgccgacgg
acatcagcgg
aggggetgeg
accaggtggce
tccacccgcet

tgcegttcege

ggetgeggcece
cggtggectce
tcggeggceca
cggcgacggce
cgctggagac
cggecectgga

ccgeegggcece

cccgacaage
ggetggtget
tggegggegce
tcctectggt
cgetgggega
gagccgacac

tcgactgege

gcgacccegcet
gcgatgtcect

ccggggtggt

ccgctactgg
ggtcggacac
caccggceegg
cgtcectgcetg
ctgceeecgg
cgtggegctce

ctacgcacag

gcatgcgacc
tgccgggacc
cctctacgac
cgeegtetgg
cgcecgacgece
ggcactcgac

ctggcgeggc

gcagggcceceg
ggccgaatcg
ggcgggcegac
cctegggegg
ggcggceageg
cgecgggcegat

cgacgacacg

gctggacctg
ggtcacctgce
ggcgatctge
ggacctggac
accgcagatg
€gagggeeec

cgacgcgggc

gggeecgeac
ggtggcectg

gctcgaagcec

ctggacgccc
ccactgctcg
ctcgecececge
ccgggceaccg
ctggaggagc
caggtggeceg

cgcgacgacg

ggcacactgg
ctggeggggg
acgctggecg
Cggcaagecg
ccacgcttct
agcggecgaa

gtcagcectge

gactcgattg
ctcacgctgc
accctctacg
tgcgectgtga
gggcccgtac
ccgecteegg

acggtcgcecg

cttcagggct
ggegeggtgg
ggactggtgce
gcggecegagg
gccatceggg
gcectgetcea

acggtccagg

caggtacgga
gggatggtcc

gggcctgaag

cggcgaccac
gcgeggeggt
acacccaccc
catacgtgga
tcaccctgca
tcggggcacce

accccgegtg

cggccegagec
cgtggectcec
ccgcagactt
aggagaccta
gcctcecacce
gcgaggagaa

gctceeeggg

ccgtcgacgt
ggeceggtgge
ccctggagtg
ttggccaagc
ggcggtaccce
acctggtgtt

acgtccacac

ggcteggega
ccaccgggcce
gatccgegcea
agtcgtggge
ccggecagece
cgcegecaca

ggctggegece

tcgaggtgeg
ctgggcagceg

tggccgacct

cggggacgtg
cggactcgcec
ctggctcacc
actggcecgtg
cgcceegcetce
ggacgagacc

88ag8LL8eCyg

cccgactgat
gcegegecgceg
cggctacggce
cgccgaggtg
cgegetgctce
tccagecggga

cacaccgacg

ggccgacgag
cctggaggac
gaccgeegeg
cattcctgga
ggaccttgce
cgtgggctge

cgccegtacc

agcgeggctg
ggcggaggga
ggccgaggag
ggcgctacca
gcacatggcc
g88gagcggc

tgtggcgtcce

tgcggeeggg
ggggctggge

ggrgeecgss
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2820
2880
2940
3000
3060
3120

3180

3240
3300
3360
3420
3480
3540

3600

3660
3720
3780
3840
3900
3960

4020

4080
4140
4200
4260
4320
4380

4440

4500
4560

4620
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gaccgggtga
accgtgatcc

ttcgeccaccg

ctggtgcacg

ggegetgagg
atcccececgg
cggaacatcg
ctggtgtccg
gaggaggtgg
ggacccgage

ctcaccccgce

ctccagcagg
gacggcaccg
ctcgeecgceca
ccaggcegctc
acctgcgacg
cacccgctga

ctcaccgcegce

cacgacctga
gtcetggget
gccttccage
gaggccageg
ggccteeggce
ggcecaccge

ccgeeectgt

cccgacggece
gaggtcctge
gacgccatcg
gagctccgca
aaggaggcaa

gctctegece

tgggcgtgtt
gegtcececga
cctattacgg

ctgeggeegg

tctacgccac
agcgcatcgce
acgtcgtcct
gcgacagcegg
cgcaggcegta
gcatcgggga

tgccgetcac

gccgceaccegt
tcctecatcac
ccggecgage
ccgaactcat
tcggegaccg
ccgeegtegt

gccacctcega

cctgeeggct
cgceggggea
gacgggcgat
gaatgaccgg
cactggccac
tgctgctcecce

tccagagcct

gctcectecect
tcaccctcegt
cccgegaggce
accgcctcaa
ccggectgeg

agcacctgceg

cgcggatgeg
ccactggacc
gectggtggac

cggagtggga

ggcgageccce
ctcgtceecge
caactccctg
ccggttectg
cceeggtgtce
gatcctgege

ctgctgggac

cggaaagaat
cggtggcacc
acggcatctg
cgctgagatt
tgccgegcetce
ccacgccgeg

caccgttctg

ggatctggcc
gggcaactac
gggactccce
ccacctcgac
ggacgaggcc
ggcccegtatce

cgtacgcccc

ccgagecegg
ccgeggecac
ggcctteegt
ggaggcaacc
gctceeegee

ggacggcectce

ttcggeecegt
ttcggceccagg
ctggcaggac

ctggeegcetg

ggcaaatggg
accctcgact
gcccatgagt
gagatgggca
gcctaceggg
accgtgttgce

atccggcagg

gtgctcacge
ggtaccctcg
ctactgatca
gacgagttgg
gccgaactge
ggcaccctceg

cccgegaagg

gegttegtge
gcegeegecea
geegtgtcecce
cagaccgacc
ctggecgcetgt
gacaccaagg

accaccggcece

ctcgeegggce
gcegecacgg
gacctcggct
ggectgegge
accatcgtct

atcggceggcg

tcgecgatcgce
ccgeegecegt
tgcgeeeggg

tccaactggc

acaccctacg
tcgagagccg
acgtcgacgc
agaccgacct
cgtacgacct
ggctgttcga

ccagggatgc

tggaccgcac
gecgcecegegcet
gcegeegtgg
gcgecacgge
tcgggeggat
acgacgccac

ccgatgecgce

tgttctcegte
acgcctttcet
tggcatgggg
gcacccgceat
tcgacaacgc
cgctacgggg

accggccacg

tcgaccccgce
tccteggeca
tcgactccect
tceeccceccce
tcgaccatcc

ccgatacggt

cgaccgggcec
cceegtegtg
tgagtcggtg

ccgecacctg

cgcccacggce
gttcaccggce
ctcgetgegce
ccgecgacceg
gatggaggcce
cgagggegtg

cttcecgcecaa

cccecgaccecece
cgccegecat
cctcgatgeg
gaccgtcgcec
cccecgecgag
gcteggetcec

ctggcatctg

cgecgegggt
cgacgcgctc
actgtgggag
ggccegegtce
tctcgtcegac
caccaccgca

cccegegaca

cgcacagcac
cccgageccce
caccgeccgtg
cceeegectce
cactcctgcec

caccctggct
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4680
4740
4800

4860

4920
4980
5040
5100
5160
5220

5280

5340
5400
5460
5520
5580
5640

5700

5760
5820
5880
5940
6000
6060

6120

6180
6240
6300
6360
6420

6480
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gecggcetectg

atggcctgcec
tccggecaccg
tacgcccccc
cacgacgcgg
atggatccgc
atcgacccct

gactacggcc

aactccggca
gtgteggtgg
ctgegtgegg
ggtgectteg
tttggggteg
cggttgtctg

gtgaatcagg

gtgatccggce
gggcacggta
tacggtcagg
gggcatgege
tatggggtgt
tcgggegggg

cgtgeggggg

gcgcecgectg
gtgtcggeca
gcggcacatce
gecetteggee
ggagctctgg
gggaagcetgg

ctgtactcgc

ctccgagcaa

ggtatceggg
acgccatgag
aggaccagga
gcaagttcga
agcagcggct
cgtcggtacg

ccecggetgea

gegtegectce
acacggcgtg
gggagtgctce
tggagtttgc
gtgcggatgg
atgegeggceg

atggtgcgtc

aggcgttggce
cggggacgcg
aacgccctga
aggcecegegec
tgccgeggac
tgcggetgcet

tgtcgtegtt

aggagcacga
agtccgaaca
ctgagetggg
accgtgcecgt
aggccggtga
cgtttgtgtg

cttceegetg

ggtggegatg

gggegtgegg
cggattcccc
cgtgeegggce
cgcgggattc
gctgetggag
gcggagecegg

agacaccgtg

gggccgtatce
ttcgtegtct
catggcgctg
gcggeragegg
tacggggtgg
gttggggcat

gaatggtttg

cagtgegegg
gctgggtgat
tgatcgacct
gggggttgeg
gttgcatgtg
gacggagecg

cggggtcagt

cgatccggceg
ggcactacag
gctggcetgat
gcteetggge
ggaacacgcc
ttccgggcecag

ttcgeccgecag

gtggeggatg

tcggeegagg
agcgaccgeg
accacataca
ttcggcatcg
acctcctggg
accggagtct

gcegaggtceg

gcctacacct
ctggtggegt
gecgecggeg
gggttgtcegg
gCggagegeg
cgggtgttgg

acggcegecga

gttggcggeg
ccgatcgagg
gtctggttgg
ggtgtcatca
caggagccgt
gtgcegtgge

ggcaccaacg

gacgtctcgt
gcgcaggeag
gtcgggtatg
ccggaccgeg
gggetggtac
ggaacgcaac

ccatggacga

aggccatcgce

ggctgtggga
gctgggacct
cccgecacgg
gcccacgtga
aggttttcga
tcgeeggtgt

agggctatgt

tcggectgga
tgcatctggce
tgacggtgat
tggatgggceg
tggggatgct
cggtggtgcg

atggtccgtc

cggatgtgga
cgcaggegtt
ggtcggtgaa
agatggtgat
cgccgeatgt
Cggagacggg

cgcacatcat

ccgggtegtt
cacagttgcg
cgctggectce
aagccttcegt
ggggegtgge
gtccecgtat

agcctgcegcea

gatcatcggc

tctggtcgec
cgaccgcectce
gggcttecte
ggegetggeg
acacgcggga
gatgccgacg

cctcaccgga

aggcccecgeg
gtgtcaggeg
ggcgacgcect
gtgcaaggeg
gttggtggag
gggttetgeg

gcagcagegg

tgtggtggag
gctggegacce
gtcgaatatc
ggcgatgegg
ggactggtcc
gegtgegegg

cctcgaacag

tccgtggatg
cgcgtatctg
cggccgeacg
cgaagagctg
gacgggtgceg
gggacacggg

cacctggacc
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6540

6600
6660
6720
6780
6840
6900

6960

7020
7080
7140
7200
7260
7320

7380

7440
7500
7560
7620
7680
7740

7800

7860
7920
7980
8040
8100
8160

8220
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cacacctcga
agctgctcca
accgcctggt
gagagatcac
tcaccacccg
caagcagacc

geggecegtga

acggccgaaa
ttccactcac
acctaccacc
acaccccact
caactccaca
gcectcacce

gaccaatccg

cccaccacct
cccttecaac
gcaggcecttg
gaggggttgc
gcegteggeg
gccegeccatg

ccggatagceg

cgggeggtgg
gagccgtgga
gactcggegg
gatctggagg
cgttgectgg
gaggatcagc

tccgcactge

ccgttcacgt

ctgaggccgg

gagcccgtag

ccatccectg
ccagacccgce
caccgaacac
cgeggeccac
cgcecegectce
ccgacgaact

acgecgeecgg

acctccgegce
accacatcga
caccccacac
actgggtccg
cccacggegt
accacaacct

agacccacac

ggcaccacca
accaccacta
agcecggegeg
tgttcactgg
gegecegtgtt
ccgactgcecg

ccggegtagt

atatctactc
cgcgecatgce
atggtgtcat
gactgtacga
acgccgectg
tgggcgacac

acaccattcc

ggacaggagt
acggccatgg

catcggtccg

cgggatgtca
tacgcccagce
cacggcctta
ctcgeecggga
atgcaatctc
ccacgaacac

gtcegtggtce

catgggacgc
cccactecte
cceecteate
gcaagcgcege
caccgcctac
cccecgaccac

cacccacacc

tcacacccce
ctggctcaac
gcatccectg
geggatttct
gctceeceggt
tcgggtcegag

gctgcaggtce

gcgaatcgat
cgececgggtac
gceegegggc
gcaactggcc
gcaacgceggg
ggctgegget

acttttgccc

caccctgegt

€ccggeescs

gtegttggcec

tgttcgecga
ccgegetgtt
cceeccacta
tcctecacect
tcceegecac
ctcacacgat

atcagcggtg

aagaccactg
aacgaactcc
accaccaacc
gagacggtcc
ctcgaactcg
accccgctag

gcectegece

acccactacc
accaccactg
ttgggegegg
ctccgtacgce
acggcctttc
gagcttacge

actgtggccg

gtcggeggece
cttgccgaca
gcatggcecgce
gaggggggtt
gacgaggtct
cggttcegege

tccctacggg

gcatccgggg
gtgtcggtcg

ctgcggcecegg

gcegggeacce
cgcectcecag
ctacgccggce
cccecgacgeg
cggcgccaat
gcgaaggacg

atcgccacga

cgctgaaggt
gcaacacggce
ccaccgacca
actacgccca
gceecgacca
ccgteecget

acctccacac

acccaaacct
ccaccggtga
cggtegggtt
atccctggct
tcgaactcgc
tccacaccce

cgcecgaacga

tcaccgecga
agcctgaccc
cgeegggtge
tccactacgg
tcgcgaccge
tgcaccccge

gacaacagga

cgacggctct
acgtgtccga

tgaccagggc

gacaccgcecce
gtcgecectge
cattcccteg
geceegeetgg
gaccaccctce
ggtctcactce

cgtagacgct

cagcggcegct
agaaaccctc
cgaccccacce
caccacccaa
caccctcacc
tctccacccec

ccacggecac

ccccacctac
tatgtcggct
ggccgatggt
ggccegaccac
cctccaagcec
gctcegtegta

agcaggaaac

ttcggetgge
agactgcggt
ggtegeegtg
tgcggectte
gtatatgtca
gctgetggat

cagcgggctg

gegegtecegg
cgaggcgggt

cgagttgcat
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8280
8340
8400
8460
8520
8580

8640

8700
8760
8820
8880
8940
9000

9060

9120
9180
9240
9300
9360
9420

9480

9540
9600
9660
9720
9780
9840

9900

9960
10020

10080
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acggccgagt
tgggaacccg
accgggecga

gacctggecg

geetggtcece
cacatgctgg
gtgatcctca
ggagegecgg
ctgctcgacc
gcectggect

ctgagcccgce

ggcaccgtac
gtggccaccce
ggggcecagge
tgcgatgcecg
ccgectgaccg
acaccggagg

cagctcacac

atgggttegg
agtcaccgga
accgagggea
ctgaggccge
cacgccctgg
ccgcecattcec

gceteggeceg

cggctacgeg
acggccgaat
gcggtggacce
atcttcgacc
gceggeggta

CgCgggegag

tgcgcacagce
tcceecagec
cgctgegecc

cgctgtgegt

cagccggegag
gcctactgea
cccgageegce
cgeggggtcet
tggacgaccg
gcggggaace

tggcecggcac

tcatcaccgg
atggcgtacg
gactgggggt
cagaccaaag
ctgtggtgca
gcctgaccca

gcgacctgece

cagggcageg
gggecegeteg
tgaccgggca
tggccatcag
tggtgceccge
tgcgccacct

gtgagccgac

aggtgctgceg
cggtceeceggce
tgcggaaccg
ggccgegtcec
cgtcggegge

ccggtggceca

cgececeeggtt
ttcagcggcc
ggtcgaggac

ggcaatcgcc

cgaagacgag
gcagtggttg
ggtggccact
gatccgcetcce
tccegetgac
ggaagtggcece

cgccaccgag

cggcaccggce
gcatctgatg
cgaacttgceg
gcaacttgcg
tgcggcagge
tgtcectgcegg

gctgteegeg

caactacgcc
gctgeeggeg
gttggaggcece
cgagggectg
cgcactcagc
gacgggtgtce

ctcectgegg

gctggtgege
ggactcggeg
gttgcagcag
ggacgtgctc
cacggccgece

tcgtcggeat

gccececccatg
gaagaagccg
ttcgtcactc

gatgacgcgc

tcgagtgagg
gcggacagcece
gcgecggacg
gcccagtegg
gcgaaagacc
gtacgcgatg

gccatggacg

agcctceggeg
ctgatcagcc
gagctcgggg
aacgtattgt
gtactggacg
gccaaggtcg

tttgtgctct

gcegecaacg
gtgtecttgg
acggaccacg
gagctcttcg
acgagggage
gcteeggece

cggeggttga

tceegggegg
ttccgegacce
gccaccggge
geeegtttee
ccacccgttg

ggcatgecgg

gcetegetett
ccccatgggt
cgccggageg

ccgtteececeg

cgctgegceca
ggttcgecga
aggaggtaga
agcaccctga
acgaccgaat
gagccctgeg

agcatccctg

ccatgecttgc
gacgtggcect
cgcaggtgac
cggagatctc
acggggtgat
attcggegcet

tcteecteget

cagccctgga
cctggggagt
cgeggeteceg
acaaggccct
ttcagacatc
ggccegteecg

ccggectegg

ctgeggtgcet
tggggttcga
tgcgectgee
tgtgtgacga
cggcegegegs

tttccgggag

cgaggtgcga
gatgatcggg
gacgtacgcc

gacggtcegtg

ggccacacac
cagtcgcctg
agacctggceg
ccgattcgtc
gctgtcgatg
cacaccccgg

ggatcaggac

ccgecacttg
cgacgccceg
gatcaccgcg
cgtcgaccat
cacatcccte
caatctccac

ggceggggtg

cgegetggeg
ttgggagcag
ccgeteggge
gagctgtgga
cggatccgtc
gacccgegac

gccggaagaa

ggggcracggc
ctcectegec
ggeeggettg
gttggeegge
888888888C

gtgtgcggtce
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10140
10200
10260

10320

10380
10440
10500
10560
10620
10680

10740

10800
10860
10920
10980
11040
11100

11160

11220
11280
11340
11400
11460
11520

11580

11640
11700
11760
11820
11880

11940
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g8ccgagegsc

gaccgaggct
tacacccggce
atcggccecgce
tgggaggegc
gtgttcgetg
tacgagggct

accttcggcec

gcectgeatce
ggggtcacceg
gceecggacg
g8ggcgggga
ctggeggtgg
ccgaacggcec

gcgatggaca

gaggcccagg
ttgggatcga
atcaagatgg
cccteaccte
tggcccgage
aacgcccacg

CCCaacaccg

cgtgcccagg
gacgtcggcce
ggctcecgacce
accgecgtceg
ttcceeggge
gtcttcgece

ctgaccgaca

ctgtgggatc

gggaggtgga
aaggcegggtt
gtgaggeggt
tggaacgtgc
gggtgatgta
atatcggcaa

tggaggggcc

tggcectgceca
tcatgtccac
ggeggtgcaa
tgctectggt
tacgggggag
cgtcgcaaga

tcgacgcggt

cgetgetggg
tcaagtccaa
tgatggccat
atgtggactg
aggggcggat
tcatcctgga

cgccaggccce

cgcgccaact
acaccctcgce
gagcggagtt
tcacggggat
agggceggtca
aatcgatcca

tcctgcaccg

tggtcgectce

acggctctac
cctctacgac
agccatggat
ggggatcgac
ccacgactac
tggaaacgcg

ggcggtcacc

ggegetgegg
ccccaccact
gtcetteggg
ggaacggctt
tgcggtcaac
gcgggtgate

ggagggacac

gacgtacgga
cgtcggacac
gcgecacggg
gtcgggeggg
gcgecegtgeg
acaagcaccg

actgccctgg

gcacacgtac
gacgggcecege
cctgggtgge
Cgcgaggaag
gtgggcecggg
ggcectgegaa

gccccacace

cggtatggac

gaccccgacce
gcgggtgagt
ccacagcagc
ccggegtcege
ggcacccgcece
ggcagegtceg

gtggacacgg

tcaggggagt
tttgtcgagt
gcegegegcgg
tcggacgcecc
caggacgeggg
cgccaggegt

ggcacggesa

cagggacggt
acccaggeeg
ctgctceecge
acggtgceggt
ggegtctect
cctgeegegg

gcgatcteceg

ctgaccaacg
gectettteg
ctggatgctce
gceggtgacce
atgggactgc
caagccctceg

gacccceetgt

gegtgggtga

cggaccgaac
tcgacgeggce
ggctgetgcet
tgcgggggag
tgcgegagat
cgtcgggacg

cgtgttcgtce

gctccatgge
tctcgegceca
acggaacagg
ggcgcaacgg
cgagcaatgg
gggcaaacgc

cgacgctcgg

cggccgatcg
ccgegggggt
agaccctgca
tgctgaccga
ctttcggtgt
agacccacga

Ccgaagagccc

ccceegaggce
agcatcgtgc
tggeggecega
agggcaaggt
ggctgcttaa
cccececacac

ggcagcgcegce

cttceecgea

cggcacctcc
attcttcggg
ggagatctcc
ttcgaccggg
cccagagggc
tgtcgectac

gtceetggtce

gctggeegge
gcggggactg
ctgggeggag
ccaccgggtc
gctgacggeg
gggtgtggece

tgaccccatc

geegttgtgg
gggeggegte
cgccgagegag
gtcggtggece
cagcggtacc
accggcagag

gcaagcgcta

gaacccegcec
tgtggtcatc
cgaggcccac
ggtgttegtg
gacctcaccce
cgactggacc

cgacgtcatc
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12000

12060
12120
12180
12240
12300
12360

12420

12480
12540
12600
12660
12720
12780

12840

12900
12960
13020
13080
13140
13200

13260

13320
13380
13440
13500
13560
13620

13680
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cagcccegtcec
aaccccgacg
gcgctgagece
ctgcgeggtt
ctgcggaccg
gcggaagcetce

atcccggtceg

cggctgttgce
aaccaatgga
ccegtecacce
gaaatcagcc
acccccacca
cacgccctceg

caccacaccce

tactggctca
catcacccgt
ggtcggeteg
gtccteectg
tggcgcatcg
caggtgcagg

tccecgacgeg

ggceccgeac
ggagecgecgg
gagggcctgt
ctgegggegg
gcggacggcg
gcegeggect

ggggtgagge

caggcegeggg
gcctcegatceg

ggtacggcegce

tcttegeect
ccgtcatcgg
tggaggacgc
cgggeggeat
gactctctgg
tcacacaggc

actacgcctc

ggggcatcac
ccgacaccac
tcgecegacgce
cccaccccac
ccgtcatcag
cccacgcececa

caacccceccea

acacccccac
tgctgggcgce
ccetgtcecac
gaactgccct
aagaactcac
catgggtggc

agggtacgta

cggccgacca
cggeggtetg
acgacgggta
cctggegacg
acgcctccca
tcegeeeggce

tgcacgggcc

acacgcacgce
catcgctcgce

ggcgggactc

catgacctcc
ccactcccaa
cgcgaaaacc
ggccteegta
cggaggcgece
gctggaacac

ccactgcccc

cccacgggcece
caccctcaac
catcaccaac
cctcacccecc
cacactccgce
caccaccggce

acacatcgac

ccagacaggg
ggeggtegeg
ccacccctgg
tctcgagatc
cctccaatca
ggcaccggat

cgaggacgcce

ggatgaagcc
gccaccgeag
cgcggegegs
tggcgaggac
gttctcegta
cgacaaactc

cggagegtcg

atggtcggtc
ggtcecgeecg

gctettegeg

ctcgecegecc
ggcgaaatca
gtcgegetge
ccactgcecgg
cccceeceeg
taccgggacc

cacatccagg

gccaccaccce
gcccactact
ctcacccacc
gccatccaag
cgcaaccaca
caccccatca

ctacccacct

gatgcggcegg
gtggcecegagg
ctcgecgatc
gcecttcagg
ccgetgttca
gagaacgggt

acgtgggtgce

atcgcacggc
ggcgetgteg
ggattcgagt
atcttcgccg
caccccgecee
ccgcacggeg

accctgeggg

gecggtggteg
gtgtcgacge

gtcgagtggg

tctggcaatc
ccgecgeeca
gcagceeggge
cggacgaggt
ccacggtgat
aaggcgtcga

ccgtggaaca

ccttctactce
ggtaccgaaa
aaggccacca
aaaccaccga
acgacaccca
actggcacac

accccttceca

ccgteggect
gggagggcta
acaccatcgc
cgggccatcg
tcccggaaga
gccgaagect

gccatgcecac

tcaccgaccce
cgttcaccgce
acggecccggt
aggtgcgcect
tgctggacgce
ccectgeegtt

tgcgectcac

acggcegaggg
aggagttgct

tgaccgcecect

ccacggcctt
catcagcgga
cctgcagacc
caccgggctg
ctccggcaac
cgcgaaacgg

ggaactgtca

caccaccgac
cctcegecaa
caccttcatc
caccacccac
ccaaatcctc
cacccaccaa

acaccaccac

ggacccggea
tctgctcacc
cggecgeggtt
tgtggactgc
gggagcagta
gacggtgtcc

gggeegggtce

acaaggcgac
agacgatctg
gttccgagge
tcccgacacg
cgcactgcac
ctccttcage

cccggacggc

gecggeeggtg
ggcggcectcece

ggegeegacce
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13740
13800
13860
13920
13980
14040

14100

14160
14220
14280
14340
14400
14460

14520

14580
14640
14700
14760
14820
14880

14940

15000
15060
15120
15180
15240
15300

15360

15420
15480

15540

ZIHSdl 10-2017-0035346



tcgtegtceceg
gacgcgtacg
cccgatgegg

gacgtaagga

aggccggcect
gaggacgtgg
gaacatcccg
gaagtgccac
cgtgcgaacc
gggegtgtte

gacccecgacg

cgccatctgg
gacgcacccg
gtgcgegett
accggccacce
gccetegetcea
catctgcacg

geeggtgtcec

gcectegeeg
tgggagcagg
cgctecggac
gceggcegatce
gagaccccgg
cccggegeeg

cagcgcgaca

acggectgeceg
gccegtggaac
gtcttcgacc
gacgctcagt
gagtccgecg

cgectgeggt

ttccgcaacg
cgaacctcgce
tcgtggtcga

ccctecacceceg

cgagccggat
cggacctggce
geeggttegt
cgaccgtcgt
ggcacctggt
ccgtteecege

gcaccgtagt

tcagccgtca
gcgecaccga
gtgacaccgg
ctttgaccgg
cccececgaca
agctcacccg

tcggcgcage

aacaccgcag
gcagcggceat
tcgccecccct
ggccegttect
cgeecgetgtt
agggegeegce

cgcttctcac

cecgtgeggee
tccgtaaccg
accccacccce
ccteggegge
tctcecgattce

ccectegeecg

cctggecacg
cgacctggcec
ctgcggecge

gcgcatcectg

ggtcgtactg
g88Cgrggcg
cctgetggac
tcecggegget
geceeeggetg
cgccgaggea

gatcaccggc

cggtgtacga
gctgegggeg
tgaccgaggc
tgtggtccac
cctggacacc
ccacgccegg

cgggcragggc

ggcgeagggc
gaccgggcat
cgccacggag
ggtgccegec
ctccaggatc
tgaccttcgt

gatcgtccge

ggacggggcec
ccttcaaacg
cgctgecectce
ggccacggcec
ggtggegcete

caagatgagc

gtggggccca
gccegeagtge
cgcgatgege

ggtctgetge

acccgtggtg
gtgtgcggcea
ctcgacccceg
ctcgectgtg
acccgegttc
gcegacceegg

ggcaccggca

cacctcctgce
gaactggcecg
gegetggegg
gctgegggeg
gcgctgacac
ccgegegect

aactatgcgg

ctgceggect
ctcgaccgca
gacgctctceg
cggctggacc
gcececeggetce
acccgtctceg

acccacaccg

ttccgtgaac
accaccgecce
gccgatcatce
atggcggega
gacgacgaca

agtggccgtg

gcgaccgect
tggaggcggg
gcgecaccge

aggagtggct

cggtggcecac
tggtgcgctc
acccggacct
gtgagccgcea
cggcegtcecegt
acaccacgcc

ccettggege

tggcatcgceg
agctcggcegce
atctcatcgc
tcctggacga
ccaaggccga
tcgtectgtt

ccgecaacgce

tgtcgetcge
ccgaccgggc
cgctettcga
tgeggggtte
gtacgacccg
cggcccagga

ccgeegtcect

tgggtttcga
tcaccctgece
tgcgtactca
tggcggagcet
cgcgceagegg

tcgtcgacca

ccecteggea
ggeeeeggeg
cgtgccggag

ggcggacgag

cactccgggg
cgcgcagtceg
Ccgacggegeg
gatcgeggtg
cceegtceccc
cacggegtte

gatgctcgeg

acgcggaccce
cgaggtgacg
ggggattcce
cgccaccgtce
cgccgecttce
ctccteggec

tttcectcegac

gtggggectg
ccgcatcaac
cgccegecectce
aagcgcecgece
gggeceggtcece
cgcecgecgag

ggggcatgac

ctceetegec
cgcgaccacce
gctctgecag
ggccaggcetg
cctcgeggag

cgacggcggc
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15600
15660
15720

15780

15840
15900
15960
16020
16080
16140

16200

16260
16320
16380
16440
16500
16560

16620

16680
16740
16800
16860
16920
16980

17040

17100
17160
17220
17280
17340

17400
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ggcgetgegg acctggatcet tcagtcggtc acggacgatg agatgttcga getgatcgac 17460
aaggaggtca gccgagactg a 17481
<210> 78

<211> 5826

<212> PRT

<213> Artificial Sequence
<220><223> milA3 protein of Streptomyces bingchenggensis
<400> 78
Met Ala Ala Gly His Asp Lys Val Ile Glu Ala Leu Arg Ala Ser Leu
1 5 10 15
Lys Thr Asn Glu Arg Gln Arg Glu Gln Ile His Arg Leu Thr Thr Ala
20 25 30

Ala Arg Glu Pro Ile Ala Ile Ile Gly Met Ala Cys Arg Tyr Pro Gly

35 40 45
Gly Val Gly Ser Pro Glu Asp Leu Trp Glu Leu Val Ala Ala Gly Arg
50 95 60
Asp Ala Ile Gly Thr Phe Pro Glu Asp Arg Gly Trp Asp Val Glu Arg
65 70 75 80
Leu Tyr Asp Pro Asp Pro Glu Arg Ala Gly Thr Ser Cys Thr Gln His
85 90 95
Gly Gly Phe Leu Tyr Gln Ala Gly Glu Phe Asp Pro Gly Phe Phe Gly

100 105 110

Ile Ser Pro Arg Glu Ala Leu Ala Met Asp Pro Gln Gln Arg Leu Leu
115 120 125
Leu Glu Ile Ser Trp Glu Val Phe Glu Arg Ala Gly Ile Asp Pro Ala
130 135 140
Ser Val Arg Gly Ser Arg Thr Gly Val Phe Ala Gly Val Met Tyr His
145 150 155 160
Asp Tyr Gly Ser Arg Leu His Thr Val Pro Glu Gly Phe Glu Gly Tyr
165 170 175

Val Gly Asn Gly Ser Gly Gly Gly Val Ala Ser Gly Arg Val Ala Tyr
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Thr

Ser

225

Ser

Arg

Asp

Arg

385

Ser

Ile

Trp

Leu Gly

195
Ser Leu
210

Cys Ser

Leu Phe

Cys Lys

275
His Arg
290

Ala Ser

Ile Arg

355
Pro Leu

370

Gly Thr

Asp Trp

Pro Glu

180

Leu Glu Gly Pro

Val Ala Leu His

215

Leu Ala Leu Ala
230

Val Glu Tyr Ser

245

Ala Tyr Gly Ala
260

Met Leu Leu Val

Val Leu Ala Val

295

Asn Gly Leu Thr
310

Gln Ala Leu Ala

325
Glu Gly His Gly
340

Ala Leu Leu Ala

Trp Leu Gly Ser

375

Gly Val Gly Gly
390

Leu Pro Arg Thr
405

Asp Ser Gly Ala

420

Arg Asp Arg Pro

185
Ala Val Thr
200

Leu Ala Cys

Gly Gly Val

Arg Gln Arg

250

Gly Ala Asp
265

Glu Arg Leu

280

Val Arg Gly

Ala Pro Asn

Ser Ala Gly

330
Thr Gly Thr
345
Thr Tyr Gly
360

Met Lys Ser

Ile Ile Lys

Leu His Ala

410

Val Arg Leu
425

Arg Arg Ala

Val Asp Thr
205

GIn Ala Leu
220

Thr Val Met

235

Ala Leu Ala

Gly Thr Gly

Thr Asp Ala
285
Ser Ala Val
300
Gly Pro Ala
315

Val Ser Ala

Arg Leu Gly

Gln Gln Arg

365

Asn Val Gly
380

Met Val Met

395

Asp Glu Pro

Leu Thr Glu

Ala Val Ser

190

Ala

Arg

Ser

Trp

270

Asn

Ser

Asp
350

Pro

His

Ser

Pro
430

Ser
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Cys

Ala

Thr

Asp

255

Arg

335

Pro

Met

Pro
415

Val

Phe

Ser

Pro

240

Leu

Asp

Arg

320

Val

Asp

Arg

400

His

Ala

Gly
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435
Val Ser Gly Thr
450

Ala Pro Gln Thr

465

Ala Pro His Gly

Pro Leu Ser Gly

500

Leu Arg Arg Phe
515

Gly His Thr Leu

530

Val Leu Gly Ser
545

Ala Gly Glu Gly

Ala Gly Ala Gly

580

Gln Trp Ala Gly
595

Ala Glu Arg Met

610
Trp Ser Leu Leu
625

Glu Arg Ala Asp

Leu Ala GIn Leu
660
Gly His Ser Gln

675

440
Asn Ala His Val
455

Asp Ser Ala Ser

470
Ala Pro Gly His
485
Ala Thr Ala Glu
Val Ala Ala Asp
520
Val Phe Gly Arg

535

Asp Arg Glu Thr
550

Pro Asp Asp Gly
565

Ala Gly Val Val

Met Gly Leu Arg

600

Ala Glu Cys Glu

615
Asp Val Leu Arg
630
Val Val Gln Pro
645

Trp Arg Ser Tyr

Gly Glu Ile Ala

680

Ile

Gln

Ala

Ala

505

Ser

Leu

Ser

Phe

585

Leu

Arg

Met

Gly

665

Ala

Leu

Ala

Val

490

Leu

Leu

Asp

Leu

Val

570

Val

Leu

Asp

Leu

650

Val

Ala

Glu

Arg

Leu

Leu

Arg
555

Val

Phe

Leu

Pro
635

Phe

His

445
Ala Ala Ser
460

Thr Asp Asp

Gly Pro Leu

Ala Gln Ala

Arg Pro Ala
525
Ala His Arg

540

Ala Leu Asp

Arg Gly Met

Pro Gly Gln
590
Thr Ser Ser

605

Ala Pro Tyr

620

Gly Asp Pro

Ser Val Met

Pro Asp Ala
670
Ile Cys Gly

685
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Leu

495

Asp

Thr

Phe

Val

Val

655

Val

Ala

Thr

Pro

480

Trp

Val

Val

Leu

560

Phe

Asp

Trp

640

Ser

Leu

Leu
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Thr

705

Asp

Val

Val

Leu

His

Glu

Tyr

Leu Asp Asp Ala Ala Lys Val Val

690

Thr Leu Arg

Glu Val Thr

Asn Ala Pro
740

Glu Ala Leu

755
Pro Val Asp
770

Glu Leu Leu

Pro Phe Tyr

Asp Ala Arg

820

Glu Ala Leu
835

Val Gly Pro

850

Ala Ala Gly

Asp Asp Ala

Gly Leu Pro

900

Ala Asn His
915

Trp Leu Asp

930

Gly

725

Thr

Tyr

Ser
805

Tyr

Arg

His

Val

His

885

Val

Val

Ala

Ser
710

Leu

His

Leu
790

Thr

Trp

Pro

870

Arg

Asp

Pro

695

Gly

Leu

Thr

Tyr

Ser

775

Leu

Val

Tyr

Leu

Thr

855

Trp

Leu

Ala

935

Gly Met

Arg Thr

Val Ile

745

Arg Asp

760

His Cys

Arg Gly

Asp Asn

Arg Asn

825

Gly Ala
840

Leu Thr

Thr Val

Leu Thr

Asp Arg

905
Pro Thr
920

Thr Thr

Ala Leu Arg Ser Arg

Asp
730

Ser

Pro

810

Leu

Pro

Val

Ser

890

His

Tyr

Gly

Ser
715

Ser

His

795

Trp

Arg

875

Leu

Tyr

Ala

Asp

700

Val

Leu

Asp

Val

780

Pro

Arg

Tyr

860

Ser

Arg

Phe

Val
940

Pro Leu

Trp Val

Ala Asp

750

Arg Ala

Asp Thr

Pro Val

830

Arg Thr

845

Glu Asp

Leu Arg

Arg Ala

Ala Leu

910
Gln Arg
925

Thr Ala
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Ala Leu

Pro Ala

720

735

Ser Leu

Lys Arg

Val Glu

Ala Asp

800

Met Gly

815

Arg Phe

Tyr Val

Thr Thr

Arg Gly

His Ile

895

Ala Pro

Arg Arg

Ala Gly
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Leu Ala Pro Val Gly His Pro Leu Leu Gly Ala Ala Val Gly Leu Ala
945 950 955 960
Glu Gly Asp Gly Tyr Leu Leu Thr Gly Arg Leu Ala Pro His Thr His

965 970 975

Pro Trp Leu Thr Asp His Ala Val Ala Gly Thr Val Leu Leu Pro Gly
980 985 990
Thr Ala Tyr Val Glu Leu Ala Val His Val Gly Gly His Leu Gly Cys
995 1000 1005
Pro Arg Leu Glu Glu Leu Thr Leu His Ala Pro Leu Val Leu Pro Asp
1010 1015 1020
Thr Gly Gly Val Ala Leu Gln Val Ala Val Gly Ala Pro Asp Glu Thr
1025 1030 1035 1040

Gly Arg Arg Ala Leu Ser Val Tyr Ala Gln Arg Asp Asp Asp Pro Ala

1045 1050 1055
Trp Glu Gly Ala Ala Arg Gly Ala Trp Thr Arg His Ala Thr Gly Thr
1060 1065 1070
Leu Ala Ala Glu Ala Pro Thr Asp Gly Ile Ser Gly Ala Asp Gly Ala
1075 1080 1085
Gly Thr Leu Ala Gly Ala Trp Pro Pro Pro Gly Ala Glu Pro Leu Asp
1090 1095 1100
Ile Ser Gly Leu Tyr Asp Thr Leu Ala Ala Ala Asp Phe Gly Tyr Gly

1105 1110 1115 1120

Pro Ala Phe Gln Gly Leu Arg Ala Val Trp Arg Gln Gly Glu Glu Thr
1125 1130 1135
Tyr Ala Glu Val Arg Leu Pro Asp GIn Val Ala Ala Asp Ala Pro Arg
1140 1145 1150
Phe Cys Leu His Pro Ala Leu Leu Asp Ala Ala Leu His Pro Leu Ala
1155 1160 1165
Leu Asp Ser Gly Arg Ser Glu Glu Asn Pro Ala Gly His Gly Leu Leu
1170 1175 1180

Pro Phe Ala Trp Arg Gly Val Ser Leu Arg Ser Pro Gly Thr Pro Thr
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1185 1190 1195 1200
Leu Arg Val Arg Leu Arg Pro Gln Gly Pro Asp Ser Ile Ala Val Asp
1205 1210 1215
Val Ala Asp Glu Thr Gly Ala Pro Val Ala Ser Ala Glu Ser Leu Thr
1220 1225 1230
Leu Arg Pro Val Ala Leu Glu Asp Leu Arg Ala Leu Gly Gly Gln Ala
1235 1240 1245
Gly Asp Thr Leu Tyr Ala Leu Glu Trp Thr Ala Ala Pro Glu Pro Pro

1250 1255 1260

Ala Thr Ala Leu Gly Arg Cys Ala Val Ile Gly Gln Ala Ile Pro Gly
1265 1270 1275 1280
Trp Ala Ala Ala Leu Glu Thr Ala Ala Ala Gly Pro Val Arg Arg Tyr
1285 1290 1295
Pro Asp Leu Ala Gly Leu Val Thr Ala Leu Asp Ala Gly Asp Pro Pro
1300 1305 1310
Pro Asp Leu Val Phe Val Gly Cys Pro Pro Ala Ala Ala Gly Pro Asp
1315 1320 1325

Asp Thr Thr Val Ala Asp Val His Thr Ala Arg Thr Arg Val Arg Thr

1330 1335 1340
Arg Gln Ala Leu Asp Leu Leu Gln Gly Trp Leu Gly Glu Ala Arg Leu
1345 1350 1355 1360
Ala Gly Ala Arg Leu Val Leu Val Thr Cys Gly Ala Val Ala Thr Gly
1365 1370 1375
Pro Ala Glu Gly Val Met Asp Leu Ala Gly Ala Ala Ile Cys Gly Leu
1380 1385 1390
Val Arg Ser Ala Gln Ala Glu Glu Pro Asp Arg Ile Leu Leu Val Asp

1395 1400 1405

Leu Asp Ala Ala Glu Glu Ser Trp Ala Ala Leu Pro Arg Ala Val Ala
1410 1415 1420

Leu Gly Glu Pro Gln Met Ala Ile Arg Ala Gly Gln Pro His Met Ala

1425 1430 1435 1440

Arg Leu Val Arg Ala Asp Thr Glu Gly Gly Ala Leu Leu Thr Pro Pro

- 242 -

ZIHSdl 10-2017-0035346



1445 1450 1455
Gln Gly Ser Gly Gly Trp Arg Leu Asp Cys Ala Asp Ala Gly Thr Val
1460 1465 1470

Gln Gly Leu Ala Pro Val Ala Ser Ser Ala Asp Arg Asp Pro Leu Gly

1475 1480 1485
Pro His Gln Val Arg Ile Glu Val Arg Ala Ala Gly Leu Asn Phe Arg
1490 1495 1500
Asp Val Leu Val Ala Leu Gly Met Val Pro Gly Gln Arg Gly Leu Gly
1505 1510 1515 1520
Ser Glu Gly Ala Gly Val Val Leu Glu Ala Gly Pro Glu Val Ala Asp
1525 1530 1535
Leu Ala Pro Gly Asp Arg Val Met Gly Val Phe Ala Asp Ala Phe Gly

1540 1545 1550

Pro Phe Ala Ile Ala Asp Arg Ala Thr Val Ile Arg Val Pro Asp His
1555 1560 1565
Trp Thr Phe Gly Gln Ala Ala Ala Val Pro Val Val Phe Ala Thr Ala
1570 1575 1580
Tyr Tyr Gly Leu Val Asp Leu Ala Gly Leu Arg Pro Gly Glu Ser Val
1585 1590 1595 1600
Leu Val His Ala Ala Ala Gly Gly Val Gly Leu Ala Ala Val Gln Leu
1605 1610 1615

Ala Arg His Leu Gly Ala Glu Val Tyr Ala Thr Ala Ser Pro Gly Lys

1620 1625 1630
Trp Asp Thr Leu Arg Ala His Gly Ile Pro Pro Glu Arg Ile Ala Ser
1635 1640 1645
Ser Arg Thr Leu Asp Phe Glu Ser Arg Phe Thr Gly Arg Asn Ile Asp
1650 1655 1660
Val Val Leu Asn Ser Leu Ala His Glu Tyr Val Asp Ala Ser Leu Arg
1665 1670 1675 1680
Leu Val Ser Gly Asp Ser Gly Arg Phe Leu Glu Met Gly Lys Thr Asp

1685 1690 1695
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Leu Arg Asp Pro Glu Glu Val Ala Gln Ala Tyr Pro Gly Val Ala Tyr
1700 1705 1710
Arg Ala Tyr Asp Leu Met Glu Ala Gly Pro Glu Arg Ile Gly Glu Ile
1715 1720 1725
Leu Arg Thr Val Leu Arg Leu Phe Asp Glu Gly Val Leu Thr Pro Leu
1730 1735 1740
Pro Leu Thr Cys Trp Asp Ile Arg Gln Ala Arg Asp Ala Phe Arg Gln
1745 1750 1755 1760

Leu Gln Gln Gly Arg Thr Val Gly Lys Asn Val Leu Thr Leu Asp Arg

1765 1770 1775
Thr Pro Asp Pro Asp Gly Thr Val Leu Ile Thr Gly Gly Thr Gly Thr
1780 1785 1790
Leu Gly Ala Ala Leu Ala Arg His Leu Ala Ala Thr Gly Arg Ala Arg
1795 1800 1805
His Leu Leu Leu Ile Ser Arg Arg Gly Leu Asp Ala Pro Gly Ala Pro
1810 1815 1820
Glu Leu Ile Ala Glu Ile Asp Glu Leu Gly Ala Thr Ala Thr Val Ala

1825 1830 1835 1840

Thr Cys Asp Val Gly Asp Arg Ala Ala Leu Ala Glu Leu Leu Gly Arg
1845 1850 1855
Ile Pro Ala Glu His Pro Leu Thr Ala Val Val His Ala Ala Gly Thr
1860 1865 1870
Leu Asp Asp Ala Thr Leu Gly Ser Leu Thr Ala Arg His Leu Asp Thr
1875 1880 1885
Val Leu Pro Ala Lys Ala Asp Ala Ala Trp His Leu His Asp Leu Thr
1890 1895 1900

Cys Arg Leu Asp Leu Ala Ala Phe Val Leu Phe Ser Ser Ala Ala Gly

1905 1910 1915 1920

Val Leu Gly Ser Pro Gly Gln Gly Asn Tyr Ala Ala Ala Asn Ala Phe
1925 1930 1935

Leu Asp Ala Leu Ala Phe Gln Arg Arg Ala Met Gly Leu Pro Ala Val

1940 1945 1950
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Ser Leu Ala Trp Gly Leu Trp Glu Glu Ala Ser Gly Met Thr Gly His
1955 1960 1965
Leu Asp Gln Thr Asp Arg Thr Arg Met Ala Arg Val Gly Leu Arg Pro

1970 1975 1980

Leu Ala Thr Asp Glu Ala Leu Ala Leu Phe Asp Asn Ala Leu Val Asp
1985 1990 1995 2000
Gly Pro Pro Leu Leu Leu Pro Ala Arg Ile Asp Thr Lys Ala Leu Arg
2005 2010 2015
Gly Thr Thr Ala Pro Pro Leu Phe Gln Ser Leu Val Arg Pro Thr Thr
2020 2025 2030
Gly His Arg Pro Arg Pro Ala Thr Pro Asp Gly Arg Ser Ser Leu Arg
2035 2040 2045

Ala Arg Leu Ala Gly Leu Asp Pro Ala Ala Gln His Glu Val Leu Leu

2050 2055 2060
Thr Leu Val Arg Gly His Ala Ala Thr Val Leu Gly His Pro Ser Pro
2065 2070 2075 2080
Asp Ala Ile Ala Arg Glu Ala Ala Phe Arg Asp Leu Gly Phe Asp Ser
2085 2090 2095
Leu Thr Ala Val Glu Leu Arg Asn Arg Leu Lys Glu Ala Thr Gly Leu
2100 2105 2110
Arg Leu Pro Pro Pro Pro Arg Leu Lys Glu Ala Thr Gly Leu Arg Leu

2115 2120 2125

Pro Ala Thr Ile Val Phe Asp His Pro Thr Pro Ala Ala Leu Ala Gln
2130 2135 2140
His Leu Arg Asp Gly Leu Ile Gly Gly Ala Asp Thr Val Thr Leu Ala
2145 2150 2155 2160
Ala Ala Pro Ala Pro Ser Lys Val Ala Met Val Ala Asp Glu Ala Ile
2165 2170 2175
Ala Ile Ile Gly Met Ala Cys Arg Tyr Pro Gly Gly Val Arg Ser Ala
2180 2185 2190

Glu Gly Leu Trp Asp Leu Val Ala Ser Gly Thr Asp Ala Met Ser Gly
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2195 2200 2205
Phe Pro Ser Asp Arg Gly Trp Asp Leu Asp Arg Leu Tyr Ala Pro Gln
2210 2215 2220
Asp Gln Asp Val Pro Gly Thr Thr Tyr Thr Arg His Gly Gly Phe Leu
2225 2230 2235 2240
His Asp Ala Gly Lys Phe Asp Ala Gly Phe Phe Gly Ile Gly Pro Arg
2245 2250 2255
Glu Ala Leu Ala Met Asp Pro Gln GIn Arg Leu Leu Leu Glu Thr Ser

2260 2265 2270

Trp Glu Val Phe Glu His Ala Gly Ile Asp Pro Ser Ser Val Arg Arg
2275 2280 2285
Ser Arg Thr Gly Val Phe Ala Gly Val Met Pro Thr Asp Tyr Gly Pro
2290 2295 2300
Arg Leu Gln Asp Thr Val Ala Glu Val Glu Gly Tyr Val Leu Thr Gly
2305 2310 2315 2320
Asn Ser Gly Ser Val Ala Ser Gly Arg Ile Ala Tyr Thr Phe Gly Leu
2325 2330 2335

Glu Gly Pro Ala Val Ser Val Asp Thr Ala Cys Ser Ser Ser Leu Val

2340 2345 2350
Ala Leu His Leu Ala Cys Gln Ala Leu Arg Ala Gly Glu Cys Ser Met
2355 2360 2365
Ala Leu Ala Gly Gly Val Thr Val Met Ala Thr Pro Gly Ala Phe Val
2370 2375 2380
Glu Phe Ala Arg Gln Arg Gly Leu Ser Val Asp Gly Arg Cys Lys Ala
2385 2390 2395 2400
Phe Gly Val Gly Ala Asp Gly Thr Gly Trp Ala Glu Gly Val Gly Met

2405 2410 2415

Leu Leu Val Glu Arg Leu Ser Asp Ala Arg Arg Leu Gly His Arg Val
2420 2425 2430
Leu Ala Val Val Arg Gly Ser Ala Val Asn Gln Asp Gly Ala Ser Asn
2435 2440 2445

Gly Leu Thr Ala Pro Asn Gly Pro Ser GIn GIn Arg Val Ile Arg Gln
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2450 2455 2460
Ala Leu Ala Ser Ala Arg Val Gly Gly Ala Asp Val Asp Val Val Glu
2465 2470 2475 2480

Gly His Gly Thr Gly Thr Arg Leu Gly Asp Pro Ile Glu Ala Gln Ala

2485 2490 2495
Leu Leu Ala Thr Tyr Gly Gln Glu Arg Pro Asp Asp Arg Pro Val Trp
2500 2505 2510
Leu Gly Ser Val Lys Ser Asn Ile Gly His Ala Gln Ala Ala Ala Gly
2515 2520 2525
Val Ala Gly Val Ile Lys Met Val Met Ala Met Arg Tyr Gly Val Leu
2530 2535 2540
Pro Arg Thr Leu His Val Gln Glu Pro Ser Pro His Val Asp Trp Ser

2545 2550 2555 2560

Ser Gly Gly Val Arg Leu Leu Thr Glu Ala Val Pro Trp Pro Glu Thr
2565 2570 2575
Gly Arg Ala Arg Arg Ala Gly Val Ser Ser Phe Gly Val Ser Gly Thr
2580 2585 2590
Asn Ala His Ile Ile Leu Glu Gln Ala Pro Pro Glu Glu His Asp Asp
2595 2600 2605
Pro Ala Asp Val Ser Ser Gly Ser Phe Pro Trp Met Val Ser Ala Lys
2610 2615 2620

Ser Glu GIln Ala Leu Gln Ala Gln Ala Ala GIn Leu Arg Ala Tyr Leu

2625 2630 2635 2640
Ala Ala His Pro Glu Leu Gly Leu Ala Asp Val Gly Tyr Ala Leu Ala
2645 2650 2655
Ser Gly Arg Thr Ala Phe Gly His Arg Ala Val Leu Leu Gly Pro Asp
2660 2665 2670
Arg Glu Ala Phe Val Glu Glu Leu Gly Ala Leu Glu Ala Gly Glu Glu
2675 2680 2685
His Ala Gly Leu Val Arg Gly Val Ala Thr Gly Ala Gly Lys Leu Ala

2690 2695 2700
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Phe Val Cys Ser Gly Gln Gly Thr Gln Arg Pro Arg Met Gly His Gly
2705 2710 2715 2720
Leu Tyr Ser Pro Ser Arg Cys Ser Pro Gln Pro Trp Thr Lys Pro Ala
2725 2730 2735
His Thr Trp Thr His Thr Ser Thr Ile Pro Cys Gly Met Ser Cys Ser
2740 2745 2750
Pro Ser Arg Ala Pro Thr Pro Pro Ser Cys Ser Thr Arg Pro Ala Thr
2755 2760 2765

Pro Ser Pro Arg Cys Ser Pro Ser Arg Ser Pro Cys Thr Ala Trp Ser

2770 2775 2780
Pro Asn Thr Thr Ala Leu Pro Pro Thr Thr Thr Pro Ala Ile Pro Ser
2785 2790 2795 2800
Glu Arg Ser Pro Arg Pro Thr Ser Pro Gly Ser Ser Pro Ser Pro Thr
2805 2810 2815
Arg Pro Ala Trp Ser Pro Pro Ala Pro Ala Ser Cys Asn Leu Ser Pro
2820 2825 2830
Pro Pro Ala Pro Met Thr Thr Leu Gln Ala Asp Pro Asp Glu Leu His

2835 2840 2845

Glu His Leu Thr Arg Cys Glu Gly Arg Val Ser Leu Ala Ala Val Asn
2850 2855 2860
Ala Pro Gly Ser Val Val Ile Ser Gly Asp Arg His Asp Val Asp Ala
2865 2870 2875 2880
Thr Ala Glu Asn Leu Arg Ala Met Gly Arg Lys Thr Thr Ala Leu Lys
2885 2890 2895
Val Ser Gly Ala Phe His Ser His His Ile Asp Pro Leu Leu Asn Glu
2900 2905 2910

Leu Arg Asn Thr Ala Glu Thr Leu Thr Tyr His Pro Pro His Thr Pro

2915 2920 2925
Leu Ile Thr Thr Asn Pro Thr Asp His Asp Pro Thr Thr Pro His Tyr
2930 2935 2940
Trp Val Arg Gln Ala Arg Glu Thr Val His Tyr Ala His Thr Thr Gln

2945 2950 2955 2960
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Gln Leu His Thr His Gly Val Thr Ala Tyr Leu Glu Leu Gly Pro Asp
2965 2970 2975
His Thr Leu Thr Ala Leu Thr His His Asn Leu Pro Asp His Thr Pro

2980 2985 2990

Leu Ala Val Pro Leu Leu His Pro Asp Gln Ser Glu Thr His Thr Thr
2995 3000 3005
His Thr Ala Leu Ala His Leu His Thr His Gly His Pro Thr Thr Trp
3010 3015 3020
His His His His Thr Pro Thr His Tyr His Pro Asn Leu Pro Thr Tyr
3025 3030 3035 3040
Pro Phe Gln His His His Tyr Trp Leu Asn Thr Thr Thr Ala Thr Gly
3045 3050 3055

Asp Met Ser Ala Ala Gly Leu Glu Pro Ala Arg His Pro Leu Leu Gly

3060 3065 3070
Ala Ala Val Gly Leu Ala Asp Gly Glu Gly Leu Leu Phe Thr Gly Arg
3075 3080 3085
Ile Ser Leu Arg Thr His Pro Trp Leu Ala Asp His Ala Val Gly Gly
3090 3095 3100
Ala Val Leu Leu Pro Gly Thr Ala Phe Leu Glu Leu Ala Leu Gln Ala
3105 3110 3115 3120
Ala Ala His Ala Asp Cys Arg Arg Val Glu Glu Leu Thr Leu His Thr

3125 3130 3135

Pro Leu Val Val Pro Asp Ser Ala Gly Val Val Leu Gln Val Thr Val
3140 3145 3150
Ala Ala Pro Asn Glu Ala Gly Asn Arg Ala Val Asp Ile Tyr Ser Arg
3155 3160 3165
Ile Asp Val Gly Gly Leu Thr Ala Asp Ser Ala Gly Glu Pro Trp Thr
3170 3175 3180
Arg His Ala Ala Gly Tyr Leu Ala Asp Lys Pro Asp Pro Asp Cys Gly
3185 3190 3195 3200

Asp Ser Ala Asp Gly Val Met Pro Ala Gly Ala Trp Pro Pro Pro Gly
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3205 3210 3215
Ala Val Ala Val Asp Leu Glu Gly Leu Tyr Glu Gln Leu Ala Glu Gly
3220 3225 3230
Gly Phe His Tyr Gly Ala Ala Phe Arg Cys Leu Asp Ala Ala Trp Gln
3235 3240 3245
Arg Gly Asp Glu Val Phe Ala Thr Ala Tyr Met Ser Glu Asp Gln Leu
3250 3255 3260
Gly Asp Thr Ala Ala Ala Arg Phe Ala Leu His Pro Ala Leu Leu Asp

3265 3270 3275 3280

Ser Ala Leu His Thr Ile Pro Leu Leu Pro Ser Leu Arg Gly Gln Gln
3285 3290 3295
Asp Ser Gly Leu Pro Phe Thr Trp Thr Gly Val Thr Leu Arg Ala Ser
3300 3305 3310
Gly Ala Thr Ala Leu Arg Val Arg Leu Arg Pro Asp Gly His Gly Pro
3315 3320 3325
Gly Ala Val Ser Val Asp Val Ser Asp Glu Ala Gly Glu Pro Val Ala
3330 3335 3340

Ser Val Arg Ser Leu Ala Leu Arg Pro Val Thr Arg Ala Glu Leu His

3345 3350 3355 3360
Thr Ala Glu Leu Arg Thr Ala Ala Pro Val Ala Pro His Gly Ser Leu
3365 3370 3375
Phe Glu Val Arg Trp Glu Pro Val Pro Gln Pro Ser Ala Ala Glu Glu
3380 3385 3390
Ala Ala Pro Trp Val Met Ile Gly Thr Gly Pro Thr Leu Arg Pro Val
3395 3400 3405
Glu Asp Phe Val Thr Pro Pro Glu Arg Thr Tyr Ala Asp Leu Ala Ala

3410 3415 3420

Leu Cys Val Ala Ile Ala Asp Asp Ala Pro Val Pro Arg Thr Val Val

3425 3430 3435 3440

Ala Trp Ser Pro Ala Gly Ser Glu Asp Glu Ser Ser Glu Ala Leu Arg
3445 3450 3455

GIn Ala Thr His His Met Leu Gly Leu Leu Gln Gln Trp Leu Ala Asp
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3460 3465 3470
Ser Arg Phe Ala Asp Ser Arg Leu Val Ile Leu Thr Arg Ala Ala Val
3475 3480 3485

Ala Thr Ala Pro Asp Glu Glu Val Glu Asp Leu Ala Gly Ala Ala Ala

3490 3495 3500
Arg Gly Leu Ile Arg Ser Ala Gln Ser Glu His Pro Asp Arg Phe Val
3505 3510 3515 3520
Leu Leu Asp Leu Asp Asp Arg Pro Ala Asp Ala Lys Asp His Asp Arg
3525 3530 3535
Met Leu Ser Met Ala Leu Ala Cys Gly Glu Pro Glu Val Ala Val Arg
3540 3545 3550
Asp Gly Ala Leu Arg Thr Pro Arg Leu Ser Pro Leu Ala Gly Thr Ala

3555 3560 3565

Thr Glu Ala Met Asp Glu His Pro Trp Asp Gln Asp Gly Thr Val Leu
3570 3575 3580
Ile Thr Gly Gly Thr Gly Ser Leu Gly Ala Met Leu Ala Arg His Leu
3585 3590 3595 3600
Val Ala Thr His Gly Val Arg His Leu Met Leu Ile Ser Arg Arg Gly
3605 3610 3615
Leu Asp Ala Pro Gly Ala Arg Arg Leu Gly Val Glu Leu Ala Glu Leu
3620 3625 3630

Gly Ala Gln Val Thr Ile Thr Ala Cys Asp Ala Ala Asp Gln Arg Gln

3635 3640 3645
Leu Ala Asn Val Leu Ser Glu Ile Ser Val Asp His Pro Leu Thr Ala
3650 3655 3660
Val Val His Ala Ala Gly Val Leu Asp Asp Gly Val Ile Thr Ser Leu
3665 3670 3675 3680
Thr Pro Glu Gly Leu Thr His Val Leu Arg Ala Lys Val Asp Ser Ala
3685 3690 3695
Leu Asn Leu His GIn Leu Thr Arg Asp Leu Pro Leu Ser Ala Phe Val

3700 3705 3710
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Leu Phe Ser Ser Leu Ala Gly Val Met Gly Ser Ala Gly Gln Gly Asn
3715 3720 3725
Tyr Ala Ala Ala Asn Ala Ala Leu Asp Ala Leu Ala Ser His Arg Arg
3730 3735 3740
Ala Ala Arg Leu Pro Ala Val Ser Leu Ala Trp Gly Val Trp Glu Gln
3745 3750 3755 3760
Thr Glu Gly Met Thr Gly Gln Leu Glu Ala Thr Asp His Ala Arg Leu
3765 3770 3775

Arg Arg Ser Gly Leu Arg Pro Leu Ala Ile Ser Glu Gly Leu Glu Leu

3780 3785 3790
Phe Asp Lys Ala Leu Ser Cys Gly His Ala Leu Val Val Pro Ala Ala
3795 3800 3805
Leu Ser Thr Arg Glu Leu Gln Thr Ser Gly Ser Val Pro Pro Phe Leu
3810 3815 3820
Arg His Leu Thr Gly Val Ala Pro Ala Arg Pro Ser Arg Thr Arg Asp
3825 3830 3835 3840
Ala Ser Ala Gly Glu Pro Thr Ser Leu Arg Arg Arg Leu Thr Gly Leu

3845 3850 3855

Gly Pro Glu Glu Arg Leu Arg Glu Val Leu Arg Leu Val Arg Ser Arg
3860 3865 3870
Ala Ala Ala Val Leu Gly His Gly Thr Ala Glu Ser Val Pro Ala Asp
3875 3880 3885
Ser Ala Phe Arg Asp Leu Gly Phe Asp Ser Leu Ala Ala Val Asp Leu
3890 3895 3900
Arg Asn Arg Leu GIn Gln Ala Thr Gly Leu Arg Leu Pro Ala Gly Leu
3905 3910 3915 3920

Ile Phe Asp Arg Pro Arg Pro Asp Val Leu Ala Arg Phe Leu Cys Asp

3925 3930 3935
Glu Leu Ala Gly Ala Gly Gly Thr Ser Ala Ala Thr Ala Ala Pro Pro
3940 3945 3950
Val Ala Ala Gly Gly Gly Gly Gly Arg Gly Gly Ala Gly Gly His Arg

3955 3960 3965
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Arg His Gly Met Pro Val Ser Gly Arg Cys Ala Val Gly Arg Gly Pro
3970 3975 3980
Val Gly Ser Gly Arg Leu Arg Tyr Gly Arg Val Gly Asp Phe Pro Ala

3985 3990 3995 4000

Asp Arg Gly Trp Glu Val Glu Arg Leu Tyr Asp Pro Asp Pro Asp Arg
4005 4010 4015
Thr Gly Thr Ser Tyr Thr Arg Gln Gly Gly Phe Leu Tyr Asp Ala Gly
4020 4025 4030
Glu Phe Asp Ala Ala Phe Phe Gly Ile Gly Pro Arg Glu Ala Val Ala
4035 4040 4045
Met Asp Pro Gln Gln Arg Leu Leu Leu Glu Ile Ser Trp Glu Ala Leu
4050 4055 4060

Glu Arg Ala Gly Ile Asp Pro Ala Ser Leu Arg Gly Ser Ser Thr Gly

4065 4070 4075 4080
Val Phe Ala Gly Val Met Tyr His Asp Tyr Gly Thr Arg Leu Arg Glu
4085 4090 4095
Ile Pro Glu Gly Tyr Glu Gly Tyr Ile Gly Asn Gly Asn Ala Gly Ser
4100 4105 4110
Val Ala Ser Gly Arg Val Ala Tyr Thr Phe Gly Leu Glu Gly Pro Ala
4115 4120 4125
Val Thr Val Asp Thr Ala Cys Ser Ser Ser Leu Val Ala Leu His Leu

4130 4135 4140

Ala Cys Gln Ala Leu Arg Ser Gly Glu Cys Ser Met Ala Leu Ala Gly
4145 4150 4155 4160
Gly Val Thr Val Met Ser Thr Pro Thr Thr Phe Val Glu Phe Ser Arg
4165 4170 4175
Gln Arg Gly Leu Ala Pro Asp Gly Arg Cys Lys Ser Phe Gly Ala Gly
4180 4185 4190
Ala Asp Gly Thr Gly Trp Ala Glu Gly Ala Gly Met Leu Leu Val Glu
4195 4200 4205

Arg Leu Ser Asp Ala Arg Arg Asn Gly His Arg Val Leu Ala Val Val

- 253 -

ZIHSd 10-2017-0035346



4210 4215 4220
Arg Gly Ser Ala Val Asn Gln Asp Gly Ala Ser Asn Gly Leu Thr Ala
4225 4230 4235 4240
Pro Asn Gly Pro Ser Gln Glu Arg Val Ile Arg Gln Ala Trp Ala Asn
4245 4250 4255
Ala Gly Val Ala Ala Met Asp Ile Asp Ala Val Glu Gly His Gly Thr
4260 4265 4270
Gly Thr Thr Leu Gly Asp Pro Ile Glu Ala Gln Ala Leu Leu Gly Thr

4275 4280 4285

Tyr Gly Gln Gly Arg Ser Ala Asp Arg Pro Leu Trp Leu Gly Ser Ile
4290 4295 4300
Lys Ser Asn Val Gly His Thr Gln Ala Ala Ala Gly Val Gly Gly Val
4305 4310 4315 4320
Ile Lys Met Val Met Ala Met Arg His Gly Leu Leu Pro Gln Thr Leu
4325 4330 4335
His Ala Glu Glu Pro Ser Pro His Val Asp Trp Ser Gly Gly Thr Val
4340 4345 4350

Arg Leu Leu Thr Glu Ser Val Ala Trp Pro Glu Gln Gly Arg Met Arg

4355 4360 4365
Arg Ala Gly Val Ser Ser Phe Gly Val Ser Gly Thr Asn Ala His Val
4370 4375 4380
Ile Leu Glu Gln Ala Pro Pro Ala Ala Glu Thr His Glu Pro Ala Glu
4385 4390 4395 4400
Pro Asn Thr Ala Pro Gly Pro Leu Pro Trp Ala Ile Ser Ala Lys Ser
4405 4410 4415
Pro Gln Ala Leu Arg Ala GIn Ala Arg GIn Leu His Thr Tyr Leu Thr

4420 4425 4430

Asn Ala Pro Glu Ala Asn Pro Ala Asp Val Gly His Thr Leu Ala Thr
4435 4440 4445
Gly Arg Ala Ser Phe Glu His Arg Ala Val Val Ile Gly Ser Asp Arg
4450 4455 4460

Ala Glu Phe Leu Gly Gly Leu Asp Ala Leu Ala Ala Asp Glu Ala His
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4465 4470 4475 4480
Thr Ala Val Val Thr Gly Ile Ala Arg Lys Ala Gly Asp Gln Gly Lys
4485 4490 4495

Val Val Phe Val Phe Pro Gly Gln Gly Gly Gln Trp Ala Gly Met Gly

4500 4505 4510
Leu Arg Leu Leu Lys Thr Ser Pro Val Phe Ala Gln Ser Ile Gln Ala
4515 4520 4525
Cys Glu Gln Ala Leu Ala Pro His Thr Asp Trp Thr Leu Thr Asp Ile
4530 4535 4540
Leu His Arg Pro His Thr Asp Pro Leu Trp Gln Arg Ala Asp Val Ile
4545 4550 4555 4560
Gln Pro Val Leu Phe Ala Leu Met Thr Ser Leu Ala Ala Leu Trp Gln

4565 4570 4575

Ser His Gly Leu Asn Pro Asp Ala Val Ile Gly His Ser Gln Gly Glu
4580 4585 4590
Ile Thr Ala Ala His Ile Ser Gly Ala Leu Ser Leu Glu Asp Ala Ala
4595 4600 4605
Lys Thr Val Ala Leu Arg Ser Arg Ala Leu Gln Thr Leu Arg Gly Ser
4610 4615 4620
Gly Gly Met Ala Ser Val Pro Leu Pro Ala Asp Glu Val Thr Gly Leu
4625 4630 4635 4640

Leu Arg Thr Gly Leu Ser Gly Gly Gly Ala Pro Pro Pro Ala Thr Val

4645 4650 4655
Ile Ser Gly Asn Ala Glu Ala Leu Thr Gln Ala Leu Glu His Tyr Arg
4660 4665 4670
Asp Gln Gly Val Asp Ala Lys Arg Ile Pro Val Asp Tyr Ala Ser His
4675 4680 4685
Cys Pro His Ile Gln Ala Val Glu Gln Glu Leu Ser Arg Leu Leu Arg
4690 4695 4700
Gly Ile Thr Pro Arg Ala Ala Thr Thr Pro Phe Tyr Ser Thr Thr Asp

4705 4710 4715 4720
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Asn Gln Trp Thr Asp Thr Thr Thr Leu Asn Ala His Tyr Trp Tyr Arg
4725 4730 4735
Asn Leu Arg Gln Pro Val His Leu Ala Asp Ala Ile Thr Asn Leu Thr
4740 4745 4750
His Gln Gly His His Thr Phe Ile Glu Ile Ser Pro His Pro Thr Leu
4755 4760 4765
Thr Pro Ala Ile Gln Glu Thr Thr Asp Thr Thr His Thr Pro Thr Thr
4770 4775 4780

Val Ile Ser Thr Leu Arg Arg Asn His Asn Asp Thr His GIn Ile Leu

4785 4790 4795 4800
His Ala Leu Ala His Ala His Thr Thr Gly His Pro Ile Asn Trp His
4805 4810 4815
Thr Thr His Gln His His Thr Pro Thr Pro Gln His Ile Asp Leu Pro
4820 4825 4830
Thr Tyr Pro Phe Gln His His His Tyr Trp Leu Asn Thr Pro Thr Gln
4835 4840 4845
Thr Gly Asp Ala Ala Ala Val Gly Leu Asp Pro Ala His His Pro Leu

4850 4855 4860

Leu Gly Ala Ala Val Ala Val Ala Glu Gly Glu Gly Tyr Leu Leu Thr
4865 4870 4875 4880
Gly Arg Leu Ala Leu Ser Thr His Pro Trp Leu Ala Asp His Thr Ile
4885 4890 4895
Ala Gly Ala Val Val Leu Pro Gly Thr Ala Leu Leu Glu Ile Ala Leu
4900 4905 4910
Gln Ala Gly His Arg Val Asp Cys Trp Arg Ile Glu Glu Leu Thr Leu
4915 4920 4925

Gln Ser Pro Leu Phe Ile Pro Glu Glu Gly Ala Val Gln Val Gln Ala

4930 4935 4940
Trp Val Ala Ala Pro Asp Glu Asn Gly Cys Arg Ser Leu Thr Val Ser
4945 4950 4955 4960
Ser Arg Arg Glu Gly Thr Tyr Glu Asp Ala Thr Trp Val Arg His Ala

4965 4970 4975
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Thr Gly Arg Val Gly Pro Ala Pro Ala Asp Gln Asp Glu Ala Ile Ala
4980 4985 4990
Arg Leu Thr Asp Pro Gln Gly Asp Gly Ala Ala Ala Ala Val Trp Pro

4995 5000 5005

Pro Gln Gly Ala Val Ala Phe Thr Ala Asp Asp Leu Glu Gly Leu Tyr
5010 5015 5020
Asp Gly Tyr Ala Ala Arg Gly Phe Glu Tyr Gly Pro Val Phe Arg Gly
5025 5030 5035 5040
Leu Arg Ala Ala Trp Arg Arg Gly Glu Asp Ile Phe Ala Glu Val Arg
5045 5050 5055
Leu Pro Asp Thr Ala Asp Gly Asp Ala Ser Gln Phe Ser Val His Pro
5060 5065 5070

Ala Leu Leu Asp Ala Ala Leu His Ala Ala Ala Phe Arg Pro Ala Asp

5075 5080 5085
Lys Leu Pro His Gly Ala Leu Pro Phe Ser Phe Ser Gly Val Arg Leu
5090 5095 5100
His Gly Pro Gly Ala Ser Thr Leu Arg Val Arg Leu Thr Pro Asp Gly
5105 5110 5115 5120
GIn Ala Arg Asp Thr His Ala Trp Ser Val Ala Val Val Asp Gly Glu
5125 5130 5135
Gly Arg Pro Val Ala Ser Ile Ala Ser Leu Ala Val Arg Pro Val Ser

5140 5145 5150

Thr Gln Glu Leu Leu Ala Ala Ser Gly Thr Ala Arg Arg Asp Ser Leu
5155 5160 5165
Phe Ala Val Glu Trp Val Thr Ala Leu Ala Pro Thr Ser Ser Ser Val
5170 5175 5180
Pro Gln Arg Leu Ala Thr Val Gly Pro Ser Asp Arg Leu Pro Ser Ala
5185 5190 5195 5200
Asp Ala Tyr Ala Asn Leu Ala Asp Leu Ala Ala Ala Val Leu Glu Ala
5205 5210 5215

Gly Ala Pro Ala Pro Asp Ala Val Val Val Asp Cys Gly Arg Arg Asp
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5220 5225 5230
Ala Arg Ala Thr Ala Val Pro Glu Asp Val Arg Thr Leu Thr Arg Arg
5235 5240 5245
Ile Leu Gly Leu Leu Gln Glu Trp Leu Ala Asp Glu Arg Pro Ala Ser
5250 5255 5260
Ser Arg Met Val Val Leu Thr Arg Gly Ala Val Ala Thr Thr Pro Gly
5265 5270 5275 5280
Glu Asp Val Ala Asp Leu Ala Gly Ala Ala Val Cys Gly Met Val Arg

5285 5290 5295

Ser Ala Gln Ser Glu His Pro Gly Arg Phe Val Leu Leu Asp Leu Asp
5300 5305 5310
Pro Asp Pro Asp Leu Asp Gly Gly Glu Val Pro Pro Thr Val Val Pro
5315 5320 5325
Ala Ala Leu Ala Cys Gly Glu Pro Gln Ile Ala Val Arg Ala Asn Arg
5330 9335 5340
His Leu Val Pro Arg Leu Thr Arg Val Pro Ala Ser Val Pro Val Pro
5345 5350 9355 5360

Gly Arg Val Pro Val Pro Ala Ala Glu Ala Ala Asp Pro Asp Thr Thr

5365 5370 9375
Pro Thr Ala Phe Asp Pro Asp Gly Thr Val Val Ile Thr Gly Gly Thr
5380 5385 5390
Gly Thr Leu Gly Ala Met Leu Ala Arg His Leu Val Ser Arg His Gly
5395 5400 5405
Val Arg His Leu Leu Leu Ala Ser Arg Arg Gly Pro Asp Ala Pro Gly
5410 5415 5420
Ala Thr Glu Leu Arg Ala Glu Leu Ala Glu Leu Gly Ala Glu Val Thr

5425 5430 5435 5440

Val Arg Ala Cys Asp Thr Gly Asp Arg Gly Ala Leu Ala Asp Leu Ile
5445 5450 5455
Ala Gly Ile Pro Thr Gly His Pro Leu Thr Gly Val Val His Ala Ala
5460 5465 5470

Gly Val Leu Asp Asp Ala Thr Val Ala Ser Leu Thr Pro Arg His Leu
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5475 5480 5485
Asp Thr Ala Leu Thr Pro Lys Ala Asp Ala Ala Phe His Leu His Glu
5490 5495 5500

Leu Thr Arg His Ala Arg Pro Arg Ala Phe Val Leu Phe Ser Ser Ala

5505 5510 5515 5520
Ala Gly Val Leu Gly Ala Ala Gly Gln Gly Asn Tyr Ala Ala Ala Asn
5525 5530 5535
Ala Phe Leu Asp Ala Leu Ala Glu His Arg Arg Ala Gln Gly Leu Pro
5540 5545 5550
Ala Leu Ser Leu Ala Trp Gly Leu Trp Glu Gln Gly Ser Gly Met Thr
5555 5560 5565
Gly His Leu Asp Arg Thr Asp Arg Ala Arg Ile Asn Arg Ser Gly Leu

5570 5575 5580

Ala Pro Leu Ala Thr Glu Asp Ala Leu Ala Leu Phe Asp Ala Ala Leu
5585 5590 5595 5600
Ala Gly Asp Arg Pro Phe Leu Val Pro Ala Arg Leu Asp Leu Arg Gly
5605 5610 5615
Ser Ser Ala Ala Glu Thr Pro Ala Pro Leu Phe Ser Arg Ile Ala Pro
5620 5625 5630
Ala Arg Thr Thr Arg Gly Arg Ser Pro Gly Ala Glu Gly Ala Ala Asp
5635 5640 5645

Leu Arg Thr Arg Leu Ala Ala Gln Asp Ala Ala Glu GIn Arg Asp Thr

5650 5655 5660
Leu Leu Thr Ile Val Arg Thr His Thr Ala Ala Val Leu Gly His Asp
5665 5670 5675 5680
Thr Ala Ala Ala Val Arg Pro Asp Gly Ala Phe Arg Glu Leu Gly Phe
5685 5690 5695
Asp Ser Leu Ala Ala Val Glu Leu Arg Asn Arg Leu GIn Thr Thr Thr
5700 5705 5710
Ala Leu Thr Leu Pro Ala Thr Thr Val Phe Asp His Pro Thr Pro Ala

5715 5720 5725
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Ala Leu Ala Asp His Leu Arg Thr Gln Leu Cys Gln Asp Ala Gln Ser

5730

5735

5740

Ser Ala Ala Ala Thr Ala Met Ala Ala Met Ala Glu Leu Ala Arg Leu

5745

5750

5755

5760

Glu Ser Ala Val Ser Asp Ser Val Ala Leu Asp Asp Asp Thr Arg Ser

5765

5770

5775

Gly Leu Ala Glu Arg Leu Arg Ser Leu Ala Arg Lys Met Ser Ser Gly

5780

5785

5790

Arg Val Val Asp His Asp Gly Gly Gly Ala Ala Asp Leu Asp Leu Gln

5795

5800

5805

Ser Val Thr Asp Asp Glu Met Phe Glu Leu Ile Asp Lys Glu Val Ser

5810
Arg Asp
5825
<210> 79
<211> 15

<212> DN

800

A

5815

<213> Artificial Sequence

<220><223>
<400> 79
tctagagatg
tcgacagegt

tcecggegtcece

atcccgaagg
aaagaggeec
tcggcgatca
gacgtgcact
acggccagcece
ctgggcatgt

ggcagttcca

g€gagagegg

ggcgegcetca

5820

insert region of pCR2.1-Adu-milAl-Ac2 (FIG. 6)

acggaaatcc
tgccgceatca

aggggagegt

ccgeegegta
cgacgacctg
ttccggegta
cceegegett
ggccegeeggg
gcaggagaca

tcgecgtegge

tcgccagecce

gggcgagecg

cctggectgag
ctcceeeggg

cgtgcactgt

ctcgtcgagg
atcgccgatg
ctcgtcgatg
catgccggtc
gcggageacc
ctccagggcec

acgggtgaac

gacctgaacc

caccgeeggce

ccggcatctg

€cgccggeces

gcaaccacct

tgctegttca
tcggtcagct
tgcaccaggg
cgceccgaagg
cgggcgatct
cacgccgcegt

acgacccggt

tcgctcaccg

tttccggaac

ccggecgagt gageggegeg
tcagcacgac atagccgatg

tccgecatctc cgegacgecg

cgtggtcacg cagcgeggcg
catgcagttc cagcccggcg
ccgggaccge gagcaactgg
cgcgcagegt cacgteegtg
cccggatcac ctgtgegggg
cgaaggaccc gtcgggaaac

ccgccacgtg cgactgettce

tcacgccgac gacatcgacg

cgcagccgac gtccaggacce
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cggcggeeeg
ttgceeggtg
agcgcacgat
ggcggggtct

gcccagetgt

gctatgcaga
ggtggatagg
caagacattg
cattgcagct
ctcagttgcc
ggcacaccgg

accctecggcet

cccatcgegce
tggceegggg
gggtegegtt
tgacggtctc
atgtctcctg
ggaccgatgt

ggactcttgg

cccatctctg
gggccecagge
agctgcttcc
cgatggccac
ccegtgeegg
tggccccecect

ggctgeegtt

cttactggta
tgcggcaggg
tgcaggccac
atcgecgggcea

gcgcactgga

tgatgcctct
aactgccgtc
tcatgaggtc
gctcegggac

cgtggcgatc

caccccgatc
ggtattcgce
atgcccggcec
ctcatcatgt
caaagcccag
aaccgcgctg

ccgtecggaa

ggeggtgatce
tgaggacacc
cgtctteccc
cceegecttce
gtcaccggag
ggtgcagecg

ggtgagececeg

cggecgecectg
gacgctctcce
gttgetgegg
ggtcgtctcee
tgtccgggec
cagggacggt

ccactcctceg

ccggaacctce
cacacgctgc
cgccgaggag
ggccgecegtce

tgaccatcgg

cagcttgcecg
cceeggetge
ggtcaaacgg
ggccatcatg

tactccagga

ccctaagaaa
gcegeegege
gtcagcggat
ccgcacggcece
aacgagttcg
cgggcccagg

gacatcgccc

gcggeggace
cceggtgteg
ggccagggcea
agccggecgg
geegtgetge
acgctgttcg

acgtcgatcg

tcgectgtceceg
gggtegggtg
cggtggeegg
ggcgatcgge
cgcgaggtgg
ctgctcgact

gtcatcgggg

gccgacacgg
ttcgtggagce
gtggteggeg
gagtccgttce

geggegttcet

atgaggagat
ggccagtatce
tcgtagtagt
gtcgggaacc

aacgtagacc

tgaacaccct
cgtcattagc
ttctegeget
gccgageatt
cagtggeegg
cacgeccggcet

acacgctggc

gggaaggaca
tacggggcac
cccagtggec
tcgacgcectg
ggggegctcece
ccgtcatggt

tgggccactg

acgeggeegeg
cgctgatcgce
gcaggctgac
cggccgeega
cgatcgacat
cgctgtcatc

ggcecgetgga

tccgettega
tgagcccgca
gtgagcgegt
gcaccacgct

cggtgeeggg

cggtgageceg
cgaggtgggt
cceccactte
tccgcaatcc

tttttctgec

tgggaacggc
tttgaagagt
cctttcatte
gcctageggt
tcatccgtgg
ccacgaccat

gagcagegse

tcteeggggg
ggcgegecgceg
cggtatggcec
cgccgaggeg
gggcgegceceg
ggggetggece

catcggggag

cgtggtgatc
ggtegegegg
gatcgeegeg
cgagctgttg
cccecgegeac
ggtcaccgcg

gacccaaggg

aagcgtcgtc
cccgatgetg
cgtgatcctg
ggcegagetg

cggeegectg

gtcggeggece
gttcccacce
Cagggaagag
g8gccgggcg

acttgtccga

acagcccagg
tgaagacgtt
ttcgacgetg
gaggacacag
atcctctcceg
gtcgecgacce

ccggegetca

ctcgacgegg
ggcggcegacg
gccegatcetge
ttcgaaccgt
ccectggagg
gagctgtgge

atcgcggcag

gagagcagcc
tccgaggege
gtcaacggcc
gcggagttceg
tcgccegttca
ggtgcgtcge

ctcgacgcegg

acggggcetge
accatgtgtg
ccgacgcetgce
tacgtacggg

atcaccctgc
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ctctcgagcec

cctgeeggec

ggctgegega
acgegeegeg
cggeegeggt
ccetggectt
tcgatcacca
ccggteeggce

ccggggecec

tctcgeectt
cccggecegg
acgccgagtt
tgctectgga
gcggeageceg
accaggcgtc

cggggceggat

gctegtegtce
cgctggecct
cgcggeageg
gcaccggcetg
ggctcggaca
gcaacggctt

ccaatgccgg

ggttgggcega
ccgaccggece
cgggtgtcat
cgctgcacgt
tgacggagcc

tcggggtgag

geeegeggac

cceecttggtg

gctggtggge
ccacggcatc
cgegetgege
cgaccatccg
g88CgeCgeg
cagggccgac

ccgtaccceceg

cccggagegec
cacgtactac
cttcggcatc
gacctcectgg
caccggggtg
gceggagetg

ctcctacgta

cctggtcegec
ggteggegeg
cggtetggcet
gtccgagggt
ccaggtgctt
cacggcgecce

ggtgtcggct

tccgatcgag
gctgtggetg
cggggtcatce
ggacaagcecg
ggtgeectgg

cggcaccaac

acgtccgtag

gageggcettg

gtcgaggegg
gcggagcagg
aaccgcctga
acacccgecg
cagceggecg
gacgagccga

gaggagctgt

cggggetggg
cagcgcgaag
gcgecacgeg
gaggcgctceg
ttcgtecggceg
gagggccatc

ctcgggcttg

ctgcatctgg
gcgacggtcce
ccggacggcec
gtgggcatge
gcggtggtac
agcggtccat

ccggaggtcg

gcgeaggcege
gggtcgatca
aaaatggtgc
tcggattacg
CcCggagceges

gcccatgtca

agctcgcecga

cceggetcetce

ccaaggtcct
agcacttcgt
acgacgccac
ccgtegecga
ccgacggeeg
tcgeegtcat

gggaactggt

atccgectgceg
cgggattcct
aggccaccgce
aacgggegeg
tggcececegcet
tgctgaccgg

aggggceecege

cggccecaggce
tctcgacccec
gctgcaaggce
tgctegtcga
ggggctceege
cacagcaaca

acgcggtgga

tgctggecge
agtcgaacat
tcgcgcetceca
tggactggtc
gccaccegeg

tcctcgagea

cgceecggac

caccgeggag

cgaggacgtc
cacttcgggce
cggtttgctg
ccatctgcac
gccegacccce
cggcatggeg

cgcegaaggc

gctctacgat
ccacgacgcc
aatggatccc
gatcgacccg
ggactacagc
caacatcggc

ggtgtcegtg

gctgegggcece
cggcatgttc
gtacgcggcec
geggetgtcee
cgtcaaccag
ggtcatccgg

ggggcacgsce

ctacgggcag
cggacacacc
gcacggtgtg
ggceggggcec
€Cgggcegees

ggcaacgcca

ccggegegags

Ccggaagecggce

gecgeegecgg
ttcgactcceg
ctgcecttca
tcceggetcet
gCcggeregecgg
ggccegettee

accgacgecce

ccggacceeg
gacaagttcg
cagcagcggce
accgegcetgce
ccccgaatge
gcegeggect

gacacggcegt

ggggagtgct
atcgagttct
gcegeggacg
gacgcgegac
gacggggcga
geggeecetgg

accggcacce

g88CLgLeecgg
cagtgggeceg
ctgcegegcea
gtacggcetgt
gtgtcegtect

tcgtccacgg
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2640

2700

2760
2820
2880
2940
3000
3060

3120

3180
3240
3300
3360
3420
3480

3540

3600
3660
3720
3780
3840
3900

3960

4020
4080
4140
4200
4260

4320
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tggctcececgg

agacgcccca
cacagctcca
accgggecgt
ccaccggeeg
gcegtatcegt
tgctgaacgc

cctacgtcga

aacgcgcega
ggcgetettg
cggcccacgt
gccaggcecct
accaggtcac
actcccccac

actaccacgc

cccatatcga
ccgecgacat
acgccgacta
ccctcaccga
ccgcecatcac
accgcgacca

gccacaccat

acctccccac
aggeggtggg
ccaacgccgt
cggcecectgtce
accgcgacat
ggcttgtcge

ctctggaacg

ggggcatacc

ggcactgege
accggccgac
cctcatcggce
gcecegacccea
cttecgtcttc
ctcacccgtc

ctggtcactc

catcgtccag
cggcatcgaa
ctgeggegee
ccaagccgta
cgaggatctg
ggcaaccgtc

ccacgacgta

cgeggtggec
ccecttetac
ctggtaccgc
gaccgaccac
ggccaccacc
cgacgacacc

cgactggcga

ctacccctte
tacggacctc
cgeegegcete
cgectggeac
ctggaagccg
gatctccgca

ccagggtctg

gccgaggecg

gaccaggccce
gtcggecaca
tccgaccgeg
gcggtccacce
cccggacaag
ttcaccgagc

acggacatcc

ccegeectgt
ccggacgeeg
ctgacgctcc
cgcggegeeg
cgcacccact
atctcgggaa

cgggccaagce

gagcgactgce
tccacggttg
aacctccgca
cgcacctttg
gaaaccaccg
caccacatcc

caccactacc

caacaccacc
gcegeggecce
ctcgacgtcg
ggtcggegte
gccgacctcea
g8gcggacceg

cccatcgceca

ggccteecect

gcegectgea
ccectegecac
aacaactcct
agacgtcgga
gcggtcaatg
ggatggcecege

tccaccggcec

tctcgatcat
tccteggceca
acgacgeggce
ggggcatgge
ggcecgaceg
acaccgacgce

gcatcceggt

ccgacctgct
acggccgatg
gcecggtacg
tcgaagtcag
accgcaccac
tcaccaacct

agactctgcg

actactggct
gcttetggga
agccgggeac
gcgaccagge
ccgeegegeg
atcacctcca

ccctegtect

geegtgggtg

cgaacacctc
cggeegegece
ccacggcctg
ccgteecgec
ggcgggcatg
ctgcgaacag

ggccgacgac

ggtgtcectg
ctcccaaggce
caaggtcatc
ctcecgtaccc
gctatgggtg
gcttgacgaa

cgactacgcc

gggeggcatce
ggccgagecg
gttcgeccac
cccacacccce
caccgtcatc
cgcccaggece

Ccccaccccea

ccacgactcc
ggeggtccac
ctcactggac
catcaccgac
ccceeggeeg
cgtcagtgcec

cgacgacacc

gtctcggega

accgcccage
accttcgacc
gacgcgcetcg
accgccegacg
ggcctacgge
gcectcetece

gcegtatgge

gcegegetcet
gagatcgecg
gcectgegea
ctgceegegg
gccgecacca
gcgetcegacce

tcccactgec

gtceegegeg
accgagctcg
gcegtcecacg
acgctcaccc
gecetegetcece
cacatccacg

ccccatatceg

accgaggaca
ggcgaggaca
gegcetgetge
acctggtgtt
tccggecgat
gtcctggacg

cacaccgaac
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4380

4440
4500
4560
4620
4680
4740

4800

4860
4920
4980
5040
5100
5160

5220

5280
5340
5400
5460
5520
5580

5640

5700
5760
5820
5880
5940
6000

6060
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tceceectget
gegtgcetcetce
tcggcaccgce
cceggetgtg
acccectceca
tgtggggcegg

tcacggcgct

gcacccggeg
cgececeegtgg
accgcatcgc
aggccccegg
tcgeecgeatg
cggaccgecce

ccgtacagac

atctgcacgc
cggcgecectt
ccctegecca
gggacggcga
ttcctecgat
acgcccagct

gcgacatccce

ccgacgccac
agacgctcct
agacgatccc
agctccgcaa
accgtccgac
cggacggcat

cgcatggcegce

ccggegggat

tcggagactt

accggeeges

ggagcggcat
gectgcetegee
cctcacccte
gctggcecacce
ggcgatggtce
cctcatcgac

gaccacctgt

cctgatcegg
caccgtcctce
cgaacgccac
cgccaccgeg
tgacaccgcc
cctcaccgeg

cccggaccac

cctcgeccag
cggecgecgeg
gcaccgecegg
cgggetegeg
gccgcecacac
cgtcgtcegec

gg8gaageege

cgcgagcectce
cgacctcatc
cacggaccgg
ccgectegeg
gccggacaag
cggggtgacg

geceggaccee

cggctcececcc
cccgaccgac

cacctcgtac

ctcgcacagg
ctcgacgagg
agcctgatcc
cacgaggccg
tgggggetgg
cttccggaca

cacgacgagg

acgccgtcca
atcaccggceg
cccgactgec
ctccgegacc
gaccceggeg
gtcgtccaca

ctcgeegeeg

caccaccecce
ggccaggceca
gcccagggec
agcacacagt
ctggegetgg
gacgtcgact

cgceceggcecece

cgtacccgcec
agctctcata
gecetteegeg
gcggecaccg
ctcgeggeceg
cccgacgega

gccegagecca

gaggacctgt
cggggctggg

agccgacagg

cgatcgcgag
ggccacatcc
aggcgctcat
tcgccacctce
gacgcaccge
ctctcaccga

acgaactcgc

ccgeegeage
gcaccggggc
acttgctgct
agctcatcga
cgctegegga
ccgegggegt

ttctggggce

tcgacgegtt
actacgcgge
tggccgcecac
ccgecgcagac
ccgeectgga
ggaagaagct

cggecgecac

tcgegggtca
cagccgecgt
acctgggttt
ggctccgect
acctgcetgge
cggccacgag

tcgccatcgt

gggagttcat
acctggcgag

gegecttect

cgatgggecg
gcgecacceg
cgcacgcgag
gtccgeggat
cgcactcgaa
acgggtcctc

gectgegegee

ggaggacacc
cctgggctcee
ggtgageegg
actcggcegcec
tcteectegec
cctggacgac

caagtcccat

cgtcectcettce
cgccaacgece
ctccatcgcec
gtacctgege
gcgagcecatce
caagccggeg

cgacggcgceg

gagcceggcec
cctecgggeac
cacctcgctg
gccgaccacc
geggtgegeg
tggcagttcg

cggcettggec

caccgcacac
gctcttegac

ccgcgacgeg

gccatcggeg
gaggtgcceceg
gacatggcgc
acgctcgatc
caccccgatc
cacggcctceg

accggcccac

ccgeegtgga
cgegtcegecc
cgagggccca
acggtgaccc
gatgtcccect
agcaccctcg

gcegeacacce

tcgteegteg
tacctcgacg
tggggcaact
aaccgceggcet
gtctcgecece
ccgcacaccce

gacaggacgg

gaacggcacc
gccacgeccc
acggccatcg
gtcgectteg
ccgacaggcc
cceggtgegg

tgccgcetacce

cgggacgccg
cccgatcecegg

ggcgacttcg
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6120
6180
6240
6300
6360
6420

6480

6540
6600
6660
6720
6780
6840

6900

6960
7020
7080
7140
7200
7260

7320

7380
7440
7500
7560
7620
7680

7740

7800
7860

7920
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acccggagtt
tgctectgga
acggcagtcc

ggcagacgcce

acagcgtcgc
tcgacaccgce
ccggcegaatg
tcgtggagtt
ccacagccga
cggacgcgeg

aggacggtgc

gcgecegecct
gcacggggac
aggggcegecce
cccagtcggce
tgctgecegeg
cggtacggcet

gggtgtcegtce

cggggecegga
ccaggtcggce
acccggatgt
agcaccgggce
tggegteggg
aggtcgtctt

accgctcegtce

atctggaaca
tgctgcatct
gcatggtcac
agctgaccgce
cggeecgegce

ccaccgaggc

cttcgggatc
ggegtectgg
gacgggegtce

gtcggagetg

ctecggggege
ctgctcegtcec
ctcgetggec
ctcceggceag
tggcaccggce
gcgcaacgge

cagcaatggg

ggcegeegece
gacgctcgge
ggcggaccgg
cgeeggtatce
tacgctgcat
gctgaccgag

cttcggegtg

cccggeaccg
ggaggccctg
cgaccccgee
cgtgctcectce
cgcgeccgac
tgtgtgctcg

cacggegttc

ccctetgatg
gaccgcectac
cgaggagttc
cgcccatctg
ccgegecatg

ggagetgegg

agcccacggg
gaagccctceg

ttcaccggca

gcggagetgt

gtctcgtacg
tcgectegtgg
ctggegggceg
cggggeetgg
tggggegagg
catcgtgtgc

ctgactgccc

ggggtegeeg
gatccgatcg
gegetgtgge
gceggggtcea
gtgtccgage
gaccagccgt

agcggcacca

acggcctceceg
cgggccecagg
gacgtggggt
ggcaccggcec
ggegeggteg
gggcagggcea

gCCggescsce

gaggtgatgt
gcccaaccgg
gggctcaccce
gcgggcatcce
cgggacctte

cceeggeteg

aggcgacggce
aacgagccgg
gcaacgegcea

gcgagggcta

cgcteggect
cgctccatct
gcgtcacggt
cggcggacgg
gcgtgggeat
tggcectcegt

cgaacggccce

cggcagaagt
aggcccaggce
tcggtacggt
tcaagatggt
cgtcgecgcea
ggceggacac

atgcccatgt

cgccectcecct
cccgtaggtt
actccctcege
acgacgactt
tccagggegce
cccagegecce

tggaggaggt

tcgccgatga
ccetettege
ccgactatct
tcagcctgece
cagcgaccgg

ccgagttggce

gacggaccce
gatcaacccc
ggacttcagc

tgcgectgact

ggaaggcceceg
ggcctgecag
catgatgacc
ccggtgcaag
ggtggtggtg
ccgeggeage

ctcgcagcag

ggacgeggtce
cctgetcegec
caagtccaac
gctggeectg
tgtggactgg
cgggegeecce

gatcctggag

gceceeectgg
gctggegtac
gcgeggacgg
ccggegegece
ggeggtggeg
cggcatgggc

gtgcgceccat

gaagagcgat
cctccagacc
ggceeggecac
cgacgcecgeg
agccatggtc

ggaccgggtc

cagcagcgac
cacgatctcc
gcgeggetge

ggcagcaaca

gcggtcagcea
tcgecteeggg
ccgttcaact
gegtteteceg
gagcggctgt
gccegtcaacce

cgggtcatcc

gaggcgceacg
acctacgggc
atcggacacg
cggcacggga
tcggegggtg
€ggcrgegeces

caggcggagce

ccecteteceg
gtggccgagce
geegtgtteg
ctggacgccc
cggcagggca
cgegggctcet

ctggacccgt

acgtcggcegce
gcgetgceacce
tccetgggeg
gegetggtgg
gccegtcegagg

ggcatcgecg
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7980
8040
8100

8160

8220
8280
8340
8400
8460
8520

8580

8640
8700
8760
8820
8880
8940

9000

9060
9120
9180
9240
9300
9360

9420

9480
9540
9600
9660
9720

9780
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ccgtcaacgce

ccgacgactt
actctcccca
accaccggcece
agcecgegggce
ccgtceccacta
aactcggccc

ccgtggecegt

tcgeegeggt
cgcggecgac
ggctgeecge
acccgctgat
ggatctcgce
ttcecgggeac

gtgtggagga

tgcaggtggc
ggccegegegega
gegteggect
tcgggtegtg
tctacgaccg
cggettggeg

gtgacgccect

ggctegtgga
tgcegttege
ggctgegacg
cggtcegegte
ccgagacggce
cgcecgeagac

ccgegetcga

cceegegtcec

ccgeggegcag
tatggagccc
ccacactccc
cgacgacgac
cgcgegggcece
cgactccacc

ctceetgcetce

ccacgcccac
gccacaccag
cccggegecg
cggegeegece
gcgtacgcac
cgegttegtg

gctgaccctg

ggtgggggcce
cgacggtaca
cgacgatggc
ggccacggcec
gtttgccgac
gcacggegac

ccgetteggg

gceegacgge
ctggcagggg
gceggegceceg
ggtggagtcg
ggtgcgceacc
ggecectgecce

g8cegegecyg

ctggtcatca

ggcaggaagg
ctgctcgacg
ctcgtcaccg
ccgggceacgg
gtggagegge
ctcactaccc

catccggagce

agccgeceeg
atcgacgtgc
gtcggcegatg
gtgtggetceg
ccgtggetgg
gagctggcegc

cacgcgecac

gccgacgagt
tggacacggc
acggggcaca
tggcegecegce
gccgagttca
gagacgcetgg

ctgcacccceg

acacggccga
gtctegetge
gacaccgtgg
ctgacgctgc
tcgttgtacg
cggtgtgege

cccgaccgea

ccggegacca

tcactccect
agatcgggcg
cgtcggecga
ccgegttcetg
tgcgegececg
tcgtccacca

ggtgcgagac

tcgactggac
ccacctatgc
tgacggccgce
Cggagggcga
ccgaccatgt
tgegggeegg

tcecegetgec

ccggeegeeg
acgccatcgg
atggccacgc
ccggtgecga
cgtacgggga
cggaggtecg

cgctgetcga

gcggtggect
gtacggceggg
ccgtegecegt
ggeceggtgcece
gcctggactg
tgatcggagc

tcaccgacgg

cgacgccgtg

ccaggtcagc
caccgccgaa
cggcggegac
gcctctecag
cggcegtcacc
caatctcgcc

gcacagcegtc

acgccactac
cttcecggcac
ggggctcegac
cggctgtctg
catcgecceggce
ggegtacgtg

cgccgacggt

tgagctgagc
cacgctggca
ceceggegeec
gcecttggac
ggcattccag
cctceecgac

cgcggcactg

gggcggcececee
ccegteggec
ggccgacgeg
gcggegecgcec
gacggatgtg
ggacacgctc

cgtggagege

caccagatcg

ggcgecttee
accctcacct
gacacgaccg
gceeggegea
acgttcctgg
gcgcacgatce

ctcggegcac

accgcacggce
cggcgctact
gcggeggage
ctgaccggca
actgtgctcc
ggctgegacce

gaggtggtge

atccacgccc
tcggeecgeg
gacgagccegt
gtcaccgggg
gggetggteg
cagccggeeg

cagaccatgt

gatcggggcece
ctgcgggtac
gceggecegge
ttgcgeggcea
ccgetgecga
gacctggtcc

tacgccgacc
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9840

9900
9960
10020
10080
10140
10200

10260

10320
10380
10440
10500
10560
10620

10680

10740
10800
10860
10920
10980
11040

11100

11160
11220
11280
11340
11400
11460

11520
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tggaggagct
gctgcecacge
gcacaaggac
ccgacgcaca
tgcgggacct
cggagtgcett

gegegetegg

geetggtgeg
aaggctggeg
ccceggeege
ggctgaactt
gcagtgaggg
gggaccgggt

cgaccctggce

tgttcgcecac
tgctgatcca
tgggggeega
gcatcgacga
cgacccgegg
acgcctcget

acatccgtga

acctgctgga
tcgagegegg
acgcctteceg
ccggetggaa
ccectegececeg
gcggeeecga

gggtcaccat

cgatccceggce
ccaccctcgg

ccgectggea

ggtgegcetcece
agcccctgaa
gggtcaggtg
cctggtgctg
g8CgeLeagcy
caccgtggtg

cctcggcegag

ccecgggtgac
gttggagtgt
ggeggtgeeg
ccgcgatgtg
ggeggggatce
ggtgggtatce

gegggtcececce

cgcgtaccac
tgcegeggee
ggtgtacgcce
cgaccatctg
€gggcrgeees
gegeetggtg

cccgeggeag

ggcceggacceg
tgtcctggeg
ccatctgcag
cgccgageec
tcatctggcg
cgcececgggce

cgccgeatgce

cgagcggceceg
gtccectceacce

tctgcacacc

gtggeggcegg
gccgacggceg
ctggagctgc
ttcacctcag
geggtetggg
gacatggacg

ccgcaactgg

gccgacgacg
cccggeacgg
ctcggeecgg
ctgatcgcgc
gtcctcgagg
ttccecgagg

gacggetggt

ggeetggteg
ggcggggteg
acggcecggcece
gecetegtege
atcgatgtcg
gcgegtgacg

gtggegetgg

gagcgggtcg
cacctgccga
cagggccgtce
accgtactga
ggtaccgggce
gccgaggage

gatctcggcg

ctgaccgctg
ccecgecacce

ctcacccgcec

gcgeceecege
cgagcgaaca
ttcagcggtg
gcgeggtegce
gtctggtgeg
gcgeccagga

cggtgegegg

acagcggcect
gcagcctgga
gcgaggtacg
tgggegtggt
tcggggegga
cgttcggece

cgttcgecca

atctggcgceg
gcatggcecgce
ccggcaagtg
gcacgctgga
tcctggactg
geggeeggtt

accatccggg

ggcagatcct
cgacctgctg
acatcggaaa
tcaccggegg
gcgeccgecea
tgcgagagga

accgggeggce

tcatccacgc

tggacgccgce

acgccgacgt

cceggacctce
gccacagecc
gcteggegeg
cacccggeeg
ctccggcecag
gtceegegeg

cggcegegscyg

ggccectgeceg
cgggttgacc
ggtegeggtg
geeegegecgg
ggtccgegat
ggtggeegtg

ggcegegteg

cctgeggecg
cgtgcaactg
gcacatcctg
gttcgagcag
tctggeccat
cctggagatg

cgtgctctac

gcgcaccgta
ggacatccgg
gaacgtgctc
tatgggcacc
tctgctgetg
gctgaccgag

ggtegeecegg

ggegggtgtce
cctggecegec

ggecegegttce

gtcatcgecg
gagacggtgc
gacgggctceg
ggcgagecgg
tcggagcatc
gegetgeteg

ctggecgecegce

caggggeegg
acgaccgagt
cgggcecegegg
acggegetgg
ctcgegececg
gccgagegeg

gtccccateg

ggggaatcgg
gcgegcecatece
cgttcccaag
cgcttegeceg
gagttcgtcg
ggcaagagceg

cgggegttcg

ctggacctgt
caggcggage
accgtcccgg
ctgggegeeg
gceggeegac
ctgggegege

ctcctggggg

gtcgacgatg
aaggccgacg

gtcectettcet
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11580
11640
11700
11760
11820
11880

11940

12000
12060
12120
12180
12240
12300

12360

12420
12480
12540
12600
12660
12720

12780

12840
12900
12960
13020
13080
13140

13200

13260
13320

13380
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ccteggtcege
tcttggacgce
gggggetgtg

ggctggececeg

ccgeectegg
accceggctce
ggacaccccce
acgccccggce
tgetgggeeg
tcgactccct

tctccaccac

agcaggtgct
aactcgaatc
tgcggetgaa
ctgatgacga
acgacctcgg
ctaggacgtg

ctgcggacct

cgatcgcgat
tgtggcatct
ggaacctgga
gcggagggtt
gtgaggegcet
tcgaacaggg

ggatcaatcc

gctacctgcet
ggctcgaagg
atctggcctg
ccgtcatggce
acggeeggtg

ggatgctgcet

gggtctgctce
gctcgececac
ggagcagacc

gcteggceatc

ccaccaccgce
gtcgaccgtg
cgcggecgece
cgagcagcac
cgacgatccg
gaccgeggtce

cctegtcettce

gggcgacggc
cgecectcetcec
gtcactcatg
cgagaagttc
cctgtectga
aatgcaattg

ggaccgcact

tgtggggatg
cgtcaagtcc
gcagctctac
tctctatgac
ggcaatggac
cggaatcgac

ggaggactac

cactggcagc
ccctgegatce
ccaagcgctc
cactccctte
caaggcegttt

ggtggagegg

ggctcgeecg
caccggegeg
agcggcatga

agcccgcetca

ccegtgeteg
ccgeeectgt
gccaccggge
gagatgctgc
gacacggtcc
gagctccgea

gaccaccccea

gaagcggcege
gcectcegaca
ttgaggtgga
acatcggcaa
accggacgcec
gcgaatgaag

cgecegtegec

gegtgtegtt
cagacggacg
gacccggacc
gcgggegact
ccgcagcage
ccgaggtcca

accaccggat

gcggcaagea
actatcgaca
cggtceggtg
gtcttcaccg
tcggeggegg

ctctccgacg

ggcagggcaa
gctetggect

ccgggcacct

cgaccgggca

tcceegeeceg
accggggcect
cgttccccct
tctcgetggt
atccecggegce
accggctcaa

cgccecgacga

gggtggcececece
aaaccgacag
acgcacccca
cagaggctga
tgccactcceg
cgaagctcct

tgtacgaggt

acccaggegg
ctatcgggga
ccgaccgctce
tcgacgecgce
geetgetget
tgcgeggaag

acacacatca

ttgcgtcagg
ccgegtgtte
aatgcaccat
agttctctcg
cggacgggac

cccgecgeaa

ctacgccgceg
tceggeggtg
ggaccaggcc

ggegetegge

cctcgacgtg
ggtcggatcce
gcatacccgc
ccgceteccac
gcacttccge
cgcegecacce

actcgcccgt

cgtgttggeg
cgccagegaa
gcatccgaca
gattttcaaa
ccecgtatceceg
ggaatacctc

ggtcgagegt

ggcgacgtca
gttcccgacce
aggaaccagt
gttcttcgag
cgaaaccact
ccggaccggg

gccectcaaac

ccgtatctcec
ctcctegetce
ggegcetcegcea
ccagegegeec
cggetggtcee

cggtcaccgt

gccaacgcect
tcgetggegt
gaccgegcece

cttttcgacg

cccgatcecge
aggacccggce
ctcggeggte
gcegececteg
ggcetgggcet
ggccteegge

cacgtccggg

gagctcgaca
agagtcaccc
gccgaaageg
ttcattgaca
ctgggecectg
aagcgcgtca

gagcaggagc

cccacgcgac
gaccgtggat
tacacgcgca
ttgtcaccge
tgggaaacgt
gttttcgtgg

gcagtcgagg

tacaacttcg
gtcgecectge
ggeggegect
ctggccgcag
gagggtgtgg

gtcetggeceg
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13440
13500
13560

13620

13680
13740
13800
13860
13920
13980

14040

14100
14160
14220
14280
14340
14400

14460

14520
14580
14640
14700
14760
14820

14880

14940
15000
15060
15120
15180

15240
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tcgteegegg cagegecgtc aaccaggacg gcegcaagcaa cggectgacce

gtcgttcaca agtcaaggtc atccgceccagg ctttggceccaa cgcacacctce

atgtcgatgc ggtggaggcc cacggcacgg ggaccaccct gggegaccceg

aagccctcgt cgaagectac ggtcaggacc gecccaacgg ccgeccccte

ccctcaagtc caacatcggg cactccatgg ccgetgeggg tgtgggeggg

tggtgatggce gcectgceggaat ggtctgetge cgeggacgtt gcatgtggat

cgcatgtgga ctggtccgeg ggtgeggtge agetgetgac ggagacggtg

gcggggaggg geggetacgg cgggcecaggag tgtcatcatt cggegtcage

cccacgtcat cctcgaggaa gcacccgecc acaacatccc gtcagacaca

acgtcccggg agaatcagcc

<210>
<211>
<212>

<213>

80
22878
DNA

Artificial Sequence

<220><223> nucleotide sequence of pD7K9milA3

<400>

80

ctatgcaggt ccccggggat cggtcttgece ttgetegteg gtgatgtact

cgcgaagtcg ctcecttettga tggagegecat ggggacgtge ttggcaatca

ccggeegttt tagcggcectaa aaaagtcatg getctgecct cgggeggacce

tgaccttgcec aagctcgtece tgettctett cgatcttcge cagcagggceg

catcaccgaa ccgecgeegtg cgegggtegt cggtgageca gagtttcage

ggcggeccag gtcegecattg atgegggeca getcgeggac gtgctcatag

ccgtgatttt gtagcectgg ccgacggeca gecaggtagge cgacaggctce

gcctcegecaga gcecaggattcece cgttgagecac cgeccaggtge gaataaggga

ggaacacccg ctecgegggtg ggectactte acctatcctg cccggetgac

acaccaagga aagtctacac gaaccctttg gcaaaatcct gtatatcgtg

tggatatacc gaaaaaatcg ctataatgac cccgaagcag ggttatgcag

ccgtcecgacct gcatactage tgctcaaggt cgceccgcaac cggegceatca

agctggtctc gceccececgegece tggecgacge cgecgeccge gecgeegecg

gtggacctgg accatcageg cctaggtttc tgcactttct gcactgecca

gegtgtgege cggcecaccge ccggggtgta acggaaatcg ccagcagacg

gcacccaacg

tcceetgeceg
atcgaggctc
tggctcggaa
gtcatcaaga
gagccgtcege
ccectggececg

ggcaccaacg

cccgeegacg

tcaccagctc
cgecgceacccec

acgcccatca

aggatcgtgg
aggccgcecca
tccacgacgce
atgccggcca
cagtgaagaa
gcegttggat

cgaaaaagga

cggaaaagat
agcccgecegt
acgacgaacc
acgeggegcegc

tagtccttgg
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15300

15360
15420
15480
15540
15600
15660

15720

15780

15800

60
120

180

240
300
360
420
480
540

600

660
720
780
840

900
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tgagactccg

gctctacgeg

gaggctcacg
tcttcecegacc
gagcgagcag
cacgagcccg
gaggacgttt
gceggaccga

atctactgct

agcgtagcaa
tctcegtceca
gcegegacag
cagacggtgt
gccgagetga
gtccacacct

ctcgeegecg

cgccacttceg
geggtettge
atgcgcgacg
ggctccgget
gacgcccagg
gcgggeggcet

ggccacggca

aagcaggccce
ggectggage
ctcgacctgg
gtcgagaagt
cagaacctga

gagatcaccg

CCccaacgcc

agcgegegeg

acgaggaggt
tatcaaatcc
gggcaatgaa
ggattggect
gctcectgtgac
agtgccactg

cggacgcectg

gcacgactac
ctgcaggtca
ccgggegegga
cgctgaacga
tgtggaagcc
gceegtggtg

acggtctcgce

agcgcatggce
acgacggctg
acttcgggat
ggcacctgca
ccgegtteceg
acaccgtcag

ccgacgtgceg

gctacctcta
tggccggaca
gcgacgegge
accgcgageg
accggctgat

acgacaccga

ctgatctgcg

gctgtaacgg

cctgacgcac
caccagcacc
cggccacacc
ccegggeteg
gagcgtacga
cggcaccceg

ccgaaagegce

agcgggtaat
gagcgctgta
ggacccgege
ggcgttcaag
g88Cgaggcg
catgagccgc

ggacgcecgsg

gttcggcacc
gaaggecgcg
catcggctac
ctggcacacg
cgacgcactc
cgagacgtgc

cccactcaac

caaggacggc
gaacttcaag
ggccgecgag
cgagttcggce
caaggaactc

gggectggtce

aagaggaccg

atcacgaggt

aggaagcccce
gggegtatceg
aatgccagga
ccgeeeccga
gagaacagcg
atcgtccaca

gcaaagcgtc

ccggacgegg
actggaacgg
gacgageggt
ggctgeggga
acgtggggca
atcctggcecg

tacgggctgce

gtccgcaagg
tacggctcgt
gagcgggcct
ctctgggtca
gcceggagect
gaccggeccg

ggcgeggacg

gacaagacca
gceggtegeg
ctgcagcgge
gtcttccagg
ggcatccagc

gccatcgegg

ttcgtggaac

cactccgtcc

gcccaggecce
gacgtctatc
tcaacaggac
accggcegeag
cgtcgacacc
tcceegggaa

tcattgcgga

gctttagtag
gttctaccce
tcgeeeggeg
cceggetcac
acacgtgccg
tacggggctc

accttggcac

gaatgcggca
ccggeegeeg
tcgaggacac
cccgegaggt
gggceegecgg
gttgctectg

ccgctgacgg

agggceggegt
gcgacgaccg
ttcgtcggece
tccgcaagca
aggacgtccg

tcatccecgge

tgatgagacc

ataggccgaa

gggeggggct
ggegegtcag
ccagaaatgg
catgccgagt
accgegeecce
gcgecccaaa

ccagtcacgc

taagggaaaa
aaacgagggt
ggaccggceac
tgccgggacg
ctgcaacaac
gaacgtgcag

gaacacgttg

cggectggtce
ctggcgcacg
cttcggcectgg
gctcggeecg
ggtcgaatcc
tgagggcaag

cgatgcgggce

cgccaagatc
catgggaccg
cggcececegttce
ctaccggtcg
caccgaggag

ctacatctgg
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960

1020

1080
1140
1200
1260
1320
1380

1440

1500
1560
1620
1680
1740
1800

1860

1920
1980
2040
2100
2160
2220

2280

2340
2400
2460
2520
2580

2640
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taccgataca

tacggcctac
gtcctggacce
atgaggttcg
aacgaggccc
gaggcgatcc
gacgtcaaga

ctcgeeecegg

gcggtegegt
cggtctcatg
gacctgggtt
ggcteegggt
agccgegegs
gcgegegcegag

gteetgggtt

atgccctcgg
ttcgttecege
agcgtacgta
actgtctcta
ggtggctcecce
tctcattgcec

cagccgtcca

atcatcagcg
agcgcgacct
tggcgagegg
tctcggecca
aaggcatgac
aaggcaaagce

tcctgaagaa

tcgeeegegt

cgggegtecg
cgceegeecce
aggtcatgtc
gcacggagga
gccecgacgat
ctcceecegec

tactccagcc

agggcecegetg
gcggteecgg
actgctggaa
gctcgtegat
ccgacgtcga
gggtgctcat

gtgttcgect

gcatcagggt

ctcttettee
cattgcactt
gctggeatgg
ctgaggaacc
cccggacgag

aatgcgggat

agctgaagaa
tgcceectceca
catcgcattc
gttgacccag
cgactggacc
gctcacagca

tggtgcagtyg

cgccggacgt

gecggcetegtce
ggaagcgceceg
cgaggaggaa
getggeceget
cagccttcgg
cggegecgeg

ctggggecgg

agggaccgcece
cgcgaaagcece
tcecegegecc
gagcaccagg
caacgacgtc
gccgatgagt

tggtagcgct

aaaggaccag
aaagttgaga
tcectecagg
ctttggaaat
tcgacatcga
cgtctgctcec

tttcgttagt

agacaatccc
acgtcatctc
ttcgcatccce
ggctgtcegece
ttccttetga
gtggtcattc

tctcggcacc

cgcectegacc

gagtcctggg
geegegecegg
getgetttee
tcgctcegacc
aagcgcctga
tcgeeegtgt

ctcceecggag

atgagaccgc
gagggtctge
agtccgagceg
ccgtcgacga
ctggtggtgg
ctgaacttct

cctagttggce

cctectcaca
agccgcagaa
cgagggtttt
agctccgctce
tacgtcgcgg
gccattcegee

cggaggccaa

cgatccgctc
gttcteeget
gecetetggeg
acaatgtcgc
aggctcttct
tcgagataat

ccatagggaa

tcatcaaggt

geetggtgtg
gcgaccttga
gCgagegcgceg
gagtgcgtca
agccgaagece
gecegecgetg

actgcctcceg

caccccggac
ctgcecgtgag
tccgeeggeg
cgacgegttc
tcgacggacc
CCggcgaagg

gaggctggtce

tgagtaggct
tcectttetg
gcagatgctt
agctccgagg
tgagttcagg
gtcecgeegtg

acggcattga

cacgtgttgc
catgagctca
gatgcaggaa
gggagceggat
ccttgagcca
cgacgcgtac

cctttgccat

cgcecgagacg

gggcaaggac
cgctgaccag
ccggaaggcc
gccgaagaag
ggtcaccgtc
caagggcaag

cgtcgacaca

atccgggtgg
gtggeeggeg
cttttcacct
ggcgggcagg
ggtgcecgagt
gttctaccaa

ctttaccctg

gaaacagcag
gagggaaacc
ggeggtgtge
gcttetetgg
ctttttcata
ccaatcggat

gcgtcagceat

cccagcaatc
gccaatcgac
gatcaacgga
caaccgagca
cctgtecegec
caacttgcca

caactcggca
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2700

2760
2820
2880
2940
3000
3060

3120

3180
3240
3300
3360
3420
3480

3540

3600
3660
3720
3780
3840
3900

3960

4020
4080
4140
4200
4260
4320

4380
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agatgcagcg
tcatggacac
atgatctgct
acatttggca
gtggcaggat
cccggaccca

cggacgctac

agaagctgac
gctgatgaca
ataaacttat
agatcctttt
cgtcagaccc
tctgetgett

agctaccaac

ttcttctagt
acctcgctct
ccgggttgga
gttcgtgcac
gtgagctatg
gcggeagggt

tttatagtcc

€agggeeecyg
tttgctggee
gtattaccgc
agtcagtgag
ggccgattca
gcaacgcaat

ttccggetceg

atgacatgat
tgtgcgcecect

aggtccgggt

tcgtgttggce
gggcgaccgg
ctgeectgtgg
ggcgccagaa
cgaacggctc
gcgcageacg

ggaaggagct

cgatgagctc
tcagtcgatc
catccecttt
tgataatctc
cgtagaaaag
gcaaacaaaa

tctttttceg

gtagccgtag
gctaatcctg
ctcaagacga
acagcccagce
agaaagcgcc
cggaacagga

tgtcgggttt

gagcctatgg
ttttgctcac
ctttgagtga
Cgaggaagcg
ttaatgcagc
taatgtgagt

tatgttgtgt

tacgaattca

tgctccgggt

gegtggegag

atcgtgtccc
gcttgcagge
cceegetgec
tgtgtcagag
gtcgtccaga
cagggcctcg

gtggaccagc

ggcttttege
atagcacgat
tgctgatgga
atgaccaaaa
atcaaaggat
aaaccaccgc

aaggtaactg

ttaggccacc
ttaccagtgg
tagttaccgg
ttggagcgaa
acgcttccceg
gagcgcacga

cgccacctct

aaaaacgcca
atgttctttc
gctgataccg
gaagagcgcc
tggcacgaca
tagctcactc

ggaattgtga

tacggctacg
gaaatcgccc

gtaggeggtt

acgccgagga
gagtgaggtg
gcaaaggcaa
acaactccaa
cctgaccacg
atcagtccaa

agcacaccgce

cattcgtatt
caacggcact
gctgcacatg
tcccttaacg
cttcttgaga
taccagcggt

gcttcagcag

acttcaagaa
ctgctgccag
ataaggcgca
cgacctacac
aagggagaaa
gggagcttcce

gacttgagcg

gcaacgeggce
ctgcgttatc
ctcgecgcecag
caatacgcaa
ggtttcecga
attaggcacc

gcggataaca

aggatggggc
gatccggagg

ttcggcecga

gaagtacctg
gcaggggcaa
atggatgggc
ggtceggtgt
agggcatgac
gtggcccatce

cgggggtaac

gcacgacatt
gttgcaaata
aaccaaaagg
tgagttttcg
teettttttt
ggtttgtttg

agcgcagata

ctctgtagca
tggcgataag
gcggteggge
cgaactgaga
ggcggacagg
agggggaaac

tcgatttttg

ctttttacgg
ccctgattct
ccgaacgacc
accgcctctce
ctggaaagcg
ccaggcttta

atttcacaca

cgatgaagcg
agaccagcat

ggcggagcett

cccatcgagt
tggatcagag
getgegettt
aacgggcgac
gagcgtcecect
ttcgaggggc

cccaaggttg

gcactccacc
gtcggtggtg
atctaggtga
ttccactgag
ctgcgegtaa
ccggatcaag

ccaaatactg

ccgectacat
tcgtgtctta
tgaacggggg
tacctacagc
tatccggtaa
geetggtatce

tgatgctcgt

ttcctggect
gtggataacc
gagcgeageg
ccecgegegtt
ggcagtgagc
cactttatgc

ggaaacagct

gctcgegecce
ggtccgceacc

gagcaggtct
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4440
4500
4560
4620
4680
4740

4800

4860
4920
4980
5040
5100
5160

5220

5280
5340
5400
5460
5520
5580

5640

5700
5760
5820
5880
5940
6000

6060

6120
6180

6240
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ccgtgatctg
ccgacgaccg
agtgctcctt

ggggaggtgt

gtgaagtgag
gatgagagcg
gttcaacttc
cagcggggca
cgagagcagc
gagtcccttg

gtcgaaggeg

ttcgacggceg
gtcgggggtg
ggtgtgetgt
cgcaccaccg
cagcaggggec
cagagccagg

tgagcggttg

ctcccacagg
gagggcgtcg
accggeggcece
cagatggaag
Ccgaggcgacg
gceggtggga

gcgcaccgtce

tgcgtcgggt
atggcgcegceg
ggggtcgaac
acgceegees
cgcacgcacc

cacttccceceg

ctgcggageg
gccaggegcee
tgcggggtga

gggggttgge

ctcggagtgg
aacatctcct
tgggcgaggeg
gcggaggatg
gagggcagcec
ctgacgagtt

agggtggtgg

gtgagggagt
gtgtggcecca
tgttcgtgtg
gtagtggtgg
g8Cagegegcy
gccegceatcga

atgcgggccce

ccccacgega
aggaaagcgt
gaggagaaca
gcggegtegg
gtggegtegt
atccccgcega

acctcggcegce

ccgegtegeg
agcatcgcgc
gcegtgggeg
acggggacgg
gcgatctgeg

ccgtcgaggt

aaggaactcc
gggcgectceg
aggggggtgeg

gtcggeecegg

tttctgggct
cgtccgatgt
aatgcagtcg
tggtggagga
ccgggggtgt
gtgtgtggag

gg8aggcgegag

cgaagccgag
ggacggtggc
tctggeceggce
tgcgggtagt
gggcgggacg
agagggccag

ggteggtgeg

gcgacaagge
tggeggecege
ggacgaaggc
ccttgggtgt
ccaggacgcc
tgagatccgc

cgagctcggce

atgccagcag
caagggtgcc
tggtgtcegg
acgccggaac
gctcaccaca

ccgggteggg

aggggctgece
ggaatgctgc
ctgggagggg

gggtgagegt

tcattgagat
ctctgcgagg
ggaggccage
gagcactacc
cgttgcggceg
gtggtgggtg

tccggtggtg

gtcgeggaac
gatgtgggag
cagccggeeg
gCggergecgg
caggtcggceg
tgegteeggg

gtcgagatgc

cggcaggecce
atagttgccc
gcgegeecgg
cagcgeggtg
cgcagegtgg
cagcgcgcect

cagttccgcec

gaggtgtcgt
ggtgeegeeg
gtcggetgece
gcgggtcage
ggcgagagcec

gtcgaggtcc

gcatcaacgg
tcgtcgactg
aacgacagtg

ggacatggga

tcgaatccga
tcgggggcegg
cgegtgegeg
gcctcecagec
tccggetcegg
agggtggtgg

tgggagagcc

gegeggtcegg
cggaccaggg
tgcagetggg
gtggegggea
ggcagcagga
gtcgacatgg

ccggtcatgce

tgcgecectgce
tgceeggcetg
gegtggeggg
tccaggtgtc
accacaccgg
cggtcaccgg

cgcagctcgg

acaccgtgac
gtgatcacta
tcggeggegg
cggggcacca
gcceggaacga

agcaggacga

cggcacatgg
ggacatcacg
acgagtgaag

gtgggaggga

cttceectgtce
tgtcgtcgec
cgecegtcegtce
gctcgagcetce
ccgeggeggt
ggttggggtyg

ggttgegtag

gggggatggt
cgaggagggt
cgeegttgte
ggaggtcctg
ccggeeggte
gatgcaggcc

cgctgecectg

ggtgttcegge
cgccgaggac
tgagctcgtg
ggggggtgag
tcaaagggtg
tgtcacaagc

tggcgeeggg

ggctgaccag
cggtgceegte
gaacgggaac
ggtgeeggtt
cggteggtgg

accggeeges
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6300
6360
6420

6480

6540
6600
6660
6720
6780
6840

6900

6960
7020
7080
7140
7200
7260

7320

7380
7440
7500
7560
7620
7680

7740

7800
7860
7920
7980
8040

8100
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atgttccgac

gtccteecece
cggcectceteg
tacgtcctcc
atcgggcgcec
cgegtcetgec
cgacgaggtc

cgtaccggag

cgaggccacc
cgectggeceg
cacccecgctg
cgeggegtge
gtcegeegtg
ccgcaggect

gccectccaga

cgcteegteg
ggggecegace
tcgggaggac
cacctgtact
gcgecageag
gaggacaacc

ccgaccggtg

gtgatgtgcc
ccagtagtgg
gtggtgttgg
ggcgtggagg
gggggtgtag
gatttcgatg

gacgggttgg

tgcgcggage

ggagtggtgg
tccgecagec
ggcacggcgg
ggggeecececeg
gaggegagec
ggcgecageg

gccgcecagea

ggccgececct
tceggggtga
aaggagaacg
agtgcggcegt
tcgggaaggc
cggaacaccg

tcgtetgegg

ccttgtgggt
cggeeegtgg
accgtcaggce
gctecectett
tccacacgat
gcgeeggega

agcagatagc

gggtccagge
tggtgttgga
tgggtggtgt
atttggtggg
gtggtgtcgg
aaggtgtggt

cggaggtttc

gcaccatgcc

ccaccgcacc
actcctgcag
tggcgegege
cctccagcac
ggtegetggg
cggtcaccca

actcctgcegt

cgecgtcegac
ggcgeacceg
gcagggcgcee
ccagcagggc
gcacctecgge
ggccegtacte

tgaacgcgac

cggtgageeg
catggcgcac
ttcggcaccc
ccgggatgaa
ggcccgectg
tggtgtgatce

ccteecececte

cgacggeegce
aggggtaggt
gccagttgat
tgtcgttgtg
tggtttcttg
ggeettggtg

ggtaccagta

gcacaccgcec

acgggtcagt
cagacccagg
atcgeggegg
tgeggeggcec
ccccaccegtg
ctcgaccgceg

cgacaccggg

caccgcgacc
cagggtcgac
gtgcgggagt
ggggtgtacg
gaagatgtcc
gaatccccgce

agcgcecctgce

tgcgatggcet
ccacgtggceg
gttctcatcce
cagcggtgat
aagggcgatc
ggcgagecag

ggcecaccgeg

cgcatcccct
gggtaggtcg
ggggtggeeg
gttgeggcegg
gatggcegggg
ggtgaggttg

gtgggegttg

gcgcececgceca

acgaccatcc
atgegeeggg
ccgcagtcga
aggtcggega
gccaggegtt
aagagcgagt

cggaccgcga

gaccatgegt
gcteegggece
ttgtcggcecg
gagaactggg
tcgccacgtc
gcegegtacce

ggtggecaga

tcatcctggt
tcctegtacg
ggtgcecgeca
tggagggtga
tcgagaaggg
gggtgggteg

accgecgegce

gtctgggtgg
atgtgttggg
gtggtgtggg
agtgtgctga
gtgagggtgg
gtgatggegt

agggtggtgg

ggtccgcecac

ggctegagge
tgagggtcct
ccacgaccgce
ggttcgegta
gcggaacgga
cccgeegege

gcgatgcegat

gegtgteecg
cgtgcagcect
ggcggaagegc
aggcgtcgee
gccaggecege
cgtcgtacag

ccgeegeege

cggeeggtge
taccctcgeg
cccatgectg
gttcttcgat
cagttccagg
acagggegag

ccagcaacgg

gggtgttgag
gggttggggt
cgtgggcgag
tgacggtggt
ggtgggggct
cggegaggtg

tgtcggtcca
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8160

8220
8280
8340
8400
8460
8520

8580

8640
8700
8760
8820
8880
8940

9000

9060
9120
9180
9240
9300
9360

9420

9480
9540
9600
9660
9720
9780

9840
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ttggttgtcg
cagccgtgac
cgggatccgt
ttcegegttg
gtccggcecac
catgccgccc

ggegtcectcece

gccgatgacg
gagggcgaag
ccggtgeagg
ctggatcgat
ctgaccgccc
gatcccegtg

gaactccgct

cgcgagggtg
cagttggcgce
tgggeetgge
ttccaggatg
catccgeccc
ccagtccaca

catggccatc

gttggacttg
ccccagceage
caccgegtcg
ctcttgcgac
actcccccegt
caccaggagc

cttgcaccgc

ggtggacatg
ctggcaggcc

cggcececctcec

gtggtggagt
agttcctgtt
ttcgegtcga
ccggagatca
atggtctgca
gaaccgegcea

aggctcagceg

gcgteggggt
aggacgggct
atgtcggtca
tgggcgaaga
tgcccgggga
acgacggegg

cggtcggage

tggccgacgt
gcetgggeac
geggtgttgg
acgtgggcegt
tgctegggee
tgaggtgagg

accatcttga

atcgatccca
gcetgggect
atgtccatcg
gggecegtteg
accaccgcca
atccccgcecc

ccgteegggg

acggtgaccc

agatgcaggg

aggccgaagyg

agaagggggt
ccacggcectg
cgecttggte
ccgtggeggt
gcagcceggt
gggtctgceag

ctccgetgat

taaggccgtg
ggatgacgtc
gggtccagtce
cgggtgaggt
acacgaacac
tgtgggccte

cgatgaccac

cggeggggtt
gtagcgcettg
gctetgeegg
tggtaccgct
aggccaccga
gctcectegge

tgacgccgcec

accacaacgg
cgatggggtc
cggccacacc
gcgcecgtcag
ggacccggtg
cctecegecca

ccagtccceceg

cgceggecag
cgaccaggga

tgtaggcgac

ggtggeggcece
gatgtgggeg
ccggtagtgt
aggggegttg
gacctggtcc
ggeeceggctg

gtgggeggceg

ggattgccag
ggegegetge
ggtgtgggeg
cttaagcagc
caccttgccc
gtcggecegece

agcacgatgc

cgectegggg
cgggcetcette
ttecgtgggte
gacaccgaaa
ctcggtcagc
gtgcagggtce

cacccecgeg

ccgatcggcec
accgagcgtc
cgegtttgec
cccattgctc
geegttgege
geetgtteceg

ctggcgcecgag

cgccatggag
cgacgaacac

acgtcccgac

cgtggggtga
cagtgggagg
tccagecgcect
acggcggeca
gceggeagtg
cgcagcgega

gtgatttcge

agggcegegcga
cacagggggt
gcgagggctt
cgcagtccca
tggtcaccgg
agagcatcca

tcgaaagagg

gcgttggtca
gcggagatceg
tccgeggceag
gaggagacgc
aaccgcaccg
tgcgggagea

geggeetggg

gaccgtcecect
gtcceegtge
cacgcctggce
gcececegtect
cgggegtecg
tccgegeegg

aactcgacaa

cactcccctg
geegtgtceca

gcgacgcetge

tgccecgcaa
cgtagtcgac
gtgtgagagc
cccacagecg
gtacggaggc
cggttttcge

cttgggagtg

gggaggtcat
cggtgtgggg
gttcgcaggce
tcceggecca
ccttectege
ggccacccag

cgecggececgt

ggtacgtgtg
cccagggcag
geggtgettg
ccgcacggeg
tccegececga
gceegtggeg

tgtgtccgac

gtccgtacgt
cgtgtccectce
ggatcacccg
ggttgaccgce
aaagccgttc
ccccgaagga

aagtggtggg

accgcagegce

cggtgaccgce

ccgegtttec
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9900
9960
10020
10080
10140
10200

10260

10320
10380
10440
10500
10560
10620

10680

10740
10800
10860
10920
10980
11040

11100

11160
11220
11280
11340
11400
11460

11520

11580
11640

11700
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attgccgata
gtacatcacc
cgcacgttcc

taccgcctca

gaacccgcect
ttccacctcee
cagatcccac
gatggccacc
cgccgacgta
acgeggeegg

gttccgcagg

cgggaccgat
cagcacctcg
cggctcaccg
gtggcegceagg
gggcaccacc
gatggccagce

ccecggtcatg

agcggceccte
ctgcectgec
caggtcgcegt
ggtcaggcecc
caccacagcg
ttggtctgcg

ccccagtcege

tacgccatgg
ggtgatgagt
gceggecage
ttcceecgeag
gtcgtccagg

acccegegece

tagccctcegt
ccagcgaaca
agcgcectccc

cgcgggcecga

tgcegggtgt
cagcctceggt
aggccctcgg
ggctegeegg
ccgeeggegce
tcgaagatca

tccaccgegg

tcggeegtgce
cgtagccgtt
gccegaggegt
aatggeggga
agggegtgtce
ggcctcaggce

cccteggtcet

cggtgactcg
gaacccatca
gtgagetggt
tccggtgtga
gtcagcggat
gcatcgcacg

ctggccccecg

gtggccacca
acggtgccgt
gggctcagece
gccagggceca
tcgagcagga

gcegeteeceg

agccctcetgg
cceceggtcega
aggagatctc

tcccgaagaa

aggaggtgcc
ctgcggggaa
ccgaccgcac
ctgcccecegec
cggccaactc
agccggeegg

cgagggagtc

cgtgccccag
cttceggcecc
cgegggteceg
cggatccgga
cacagctcag
ccgageggeg

gctcccaaac

ccagcgcegtc
cccecggecag
ggagattgag
gggatgtgat
ggtcgacgga
cggtgatcgt

gggcgtcgag

agtggegggc
cctgatccca
ggggtgtgeg
tcgacagcat
cgaatcggtc

ccaggtcttc

gatctcgege
actcccecegce
cagcagcagc

tgccgegteg

ggttcggtece
gtcacccacc
acctcccgga
gacggccgcea
gtcacacagg
caggcgcage

gaaccccagg

caccgcagcce
gaggceggtce
ggacggccgg
tgtctgaagc
ggccttgteg
gagccgegeg

tcceccaggec

cagggetgeg
Cgaggagaag
cgccgaatceg
cacccecgtceg
gatctccgac
cacctgcegcec

gccacgtcegg

aagcatggceg
gggatgctceg
cagggctcca
tcggtegtgg
agggtgctce

tacctcctcg

aggegggtgce
agcgacgecg
cgctgetgtg

aactcacccg

gggteggggt
gcgtcecatac
aaccggcatg
acgggtgggg
aaacgggcga
ccggtggect

tcgcggaacg

gcecgggage
aaccgcecgece
gceggagega
tceectegtge
aagagctcca
tggtcegtgg

aaggacaccg

ttggeggegg
agcacaaacg
accttggccc
tccagtacgc
aatacgttcg
ccgagetcecg

ctgatcagca

ccgaggetgce
tccatggect
tcgcgtacgg
tctttcgegt
gactgggcegg

tccggegeag

cgtagtcgtg
ggtcgatccc
gatccatggce

cgtcgtaaag

cgtagagccg
cggaggcgac
ccatgccgac
cggeegtgge
gcacgtccegg
gctgcaaccg

ccgagtcecgce

gcaccagcecg
gcagggaggt
cacccgtcag
tgagtgcgge
ggccecteget
cctccaactg

ccggcagceceg

cgtagttgcc
Cggacagcgg
gcaggacatg
ctgccgcatg
caagttgcct
caagttcgac

tcagatgccg

cggtgcecegee
cggtggeggt
ccacttccgg
cagcggegacg
agcggatcag

tggccaccgce
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11760
11820
11880

11940

12000
12060
12120
12180
12240
12300

12360

12420
12480
12540
12600
12660
12720

12780

12840
12900
12960
13020
13080
13140

13200

13260
13320
13380
13440
13500

13560
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ggctegggtg

cagtaggccc
cceggetggg
gcacagcegeg
gcgcagegtece
ctgggggacg
tgtgcgcaac

gaccgatgct

atggccgtcee
tcctgtcecac
aatggtgtgc
gtcgeccage
ggeggegtcece
gtacagtccc

gacaccatcc

atggcgcegtce
gtagatatcc
tacgcecggceg
gcagtcggca
cacggcgeeg
agtgaacagc

cgcceggctcea

gtggtggtgt
gtggtgccag
gtgggtcteg
gttgtggteg
gcegtgggtg
gacccagtag

gtggggtggg

aggatcacca

agcatgtggt
gaccaggcca
gccaggtcegg
ggcceceggtcece
ggttcccatce
tcggecegtat

acgggctcac

ggcctcagec
gtgaacggca
agtgcggaat
tgatcctctg
aggcaacgga
tccagatcca

gccgagtcac

cacggctcgce
accgecccggt
ctatccggta
tgggcggegg
ccgacggegt
aacccctcac

aggcctgcag

tggaaggggt
gtggtggggt
gattggtcgg
gtgagggcgg
tggagttgtt
tggggtgtag

tggtaggtga

ggcgactgtc

gtgtggectg
cgaccgtcceg
cgtacgtccg
cgatcatcac
gcacctcgaa
gcaactcggce

ccgectegtce

ggacgcgceag
geeegetgte
ccagcagcgce
acatatacgc
aggccgceacce
cggcgaccgce

cgcagtctgg

cagccgaatc
ttcetgette
cgacgagcgg
cttggagggc
ggtcggcecag
catcggccaa

ccgacatatc

aggtggggag
ggcegtgggt
ggtggagaag
tgagggtgtg
gggtggtgtg
tggggtegtyg

gggtttctgce

ggcgaaccgg

gcgceagegcece
gggaacgggc
ctcecggegga
ccatggggcg
gagcgagcecea
cctggtcacc

ggacacgtcg

agccgtcegec
ctgttgtccc
ggggtgcage
ggtcgcegaag
gtagtggaaa
acccggeggce

gtcaggcttg

ggcggtgagg
gttcggegeg
ggtgtggage
gagttcgaga
ccagggatgc
cccgaccgece

accggtggca

gtttgggtgg
gtggaggtgg
cgggacggct
gtcggggeceg
ggcgtagtgg
gtcggtgggg

cgtgttgcgg

ctgtccgceca

tcactcgact
gcgtcatcegg
gtgacgaagt
gettettegg
tggggggcaa
ggccgeageg

accgacaccg

ccggatgcac
cgtagggagg
gcgaaccgag
acctcgtccc
cceeectegg
ggccatgege

tcggcaaggt

ccgecgacat
gccacagtga
gtaagctcct
aaggccgtac
gtacggagag
gcgeccaaca

gtggtggtgt

tagtgggtgg
gCgagegecgg
agcggggtgt
agttcgaggt
accgtctcgce
ttggtggtga

agttcgttga

accactgctg

cgtctteget
cgattgccac
cctcgaccgg
ccgctgaagg
ccggggegec
ccaacgaccg

ccceegggece

gcagggtgac
gcaaaagtgg
ccgcagecgt
cgegttgeca
ccagttgctc
ccgegggceat

acceggeggc

cgattcgcga
cctgcagcac
cgacccgacg
Ccggggagcaa
aaatccgccc
ggggatgceeg

tgagccagta

gggtgtgatg
tgtgggtggt
ggtcggggag
aggceggtgac
gecgettgeceg
tgaggggggt

ggagtgggtc
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13620

13680
13740
13800
13860
13920
13980

14040

14100
14160
14220
14280
14340
14400

14460

14520
14580
14640
14700
14760
14820

14880

14940
15000
15060
15120
15180
15240

15300
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gatgtggtgt
gcggaggttt
gggegegtte
ttcgtegggg
gCggecacgg
ggeegeggtg

ttcggtgacc

ggtectggteg
gggatggtcg
Cgggaagecg
cacaaacgcc
accggcectcc
ggcacggtgg

cagctcagga

ttcggacttg
gtgctcectca
cgacgacacc
cagccgcacc
ccgeggeaac
cgecggectge

cacccgctcec

cgtcececgta
caacgcctgce
cgcaccatcc
ccgegeatca
atccgcaccc
aaactccacg

gcactccccce

cgceegtgtcece

ggcgacgetg

cagcegegses

gagtggaaag
tcggecgtag
acggccegega
tctgcttgga
gtggtgacca
atctctccga

aggcggtgca

agcagetggg
aggtgtgggt
tagtacagcc
agcttccceceg
agagctccca
ccgaaggecg

tgtgccgceca

gccgacacca
ggeggegect
cccgeacgece
ccgececgagg
accccatacc
gcatgcccga

tgaccgtagg

ccgtgeccct
cggatcaccc
tgattcaccg
gacaaccgct
accccaaacg
aaggcaccag

gcacgcageg

accgacaccg
ccggagttte

ccgtagtcceg

cgccgetgac
cgtctacgtc
gtgagacccg
gggtggtcat
ggcgeggcecge
gggaatggcece

gggegatctg

cggtgtceggt
ccaggtgtgc
cgtgtcccat
caccecgtcegce
gctcttegac
tgeggeegga

gatacgecgcg

tccacggaaa
gttcgaggat
gcgceacgecc
accagtccac
gcatcgccat
tattcgactt

tcgccagcaa

ccaccacatc
gctgetgega
cagaaccccg
ccaccaacag
ccttgcaccg
gegtcegecat

cctgacacgc

cggggcecttce
cggtgaggac

tcggcatcac

cttcagcgca
gtggcgatca
tccttegeat
ggegeeggtg
gtcggggagg
ggcgtagtag

gagggcegaac

gceeggeteg
gcaggcttcg
acggggacgt
cacgccccegt
gaaggcttcg
ggccagegea

caactgtgct

cgacccggac
gatgtgcgceg
cgtcteegge
atgcggcgac
caccatcttg
caccgacccce

cgectgegec

cacatccgcc
cggaccattc
caccaccgcce
catccccacc
cccatccacc
caccgtcacc

cagatgcaac

caggccgaag
atagccctceg

accggcgaag

gtggtcttge
ccgctgatga
cgtgtgaggt
gcggeggagag
gtgaggatcc
tggggggtaa

agggcgggct

gcgaacatga
tccatggctg
tgcgttccect
accagccegg
cggtceggge
tacccgacat

gectgegect

gagacgtccg
ttggtgccac
cacggcaccg
ggctcectgea
atgacacccg
aaccacaacg

tcgatcggat

ccgccaacce
ggcgecegtcea
aacacccgat
cceteegecc
gacaaccccce
ccgeeggeca

gccaccagag

gtgtaggcga
acctcggcca

actccggtcc

gtcccatgge
ccacggaccc
gttcgtggag
attgcatgag
cggcgaggtg
ggeegtggtg

gggegtageg

catcccgcag
cggcgaacag
gccecggaaca
cgtgttcctce
ccaggagcac
cagccagccc

gtagtgectg

ccggatcgtce
tgaccccgaa
cctcegtcag
catgcaacgt
caaccccege
ggecegtcececce

cacccagecg

gcgcactgge
aaccattcga
gceccaaccg
acccegtacc
gctgecgege
gcgccatgga

acgacgaaca

tacggcccga

cggtgtcttg

ggctccgecg
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15360
15420
15480
15540
15600
15660

15720

15780
15840
15900
15960
16020
16080

16140

16200
16260
16320
16380
16440
16500

16560

16620
16680
16740
16800
16860
16920

16980

17040
17100

17160
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taccgacgag
ccgetgetge
gaacttgccce

ctggtcctgg

catggcgtcg
cggataccgg
gctcggagea
caggtgctgg
caggccggtt
gaggtcacgg

ggcggegtgg

ggcgagecgg
ggtggtggeg
ggtgtcgata
cgccagggcec
ggtctggteg
cacggegees

ggcggegtag

gaacgcggcec
cgcgggeaga
ggtgeecegeg
ttcggcgage
ctcgtcaatc
cagtagcaga

ggtaccggtg

gagcacattc
ccggatgtcee
cacggtgcgc
gtaggcgaca
catctccagg

atgggccagg

gggtcgattc
ggatccatcg
gegtcegtgga

ggggegtaga

gtgccggagg
caggccatgc
ggagccgeag
gCgagagcegg
gcectecttga
aaggccgcct

ccgeggacga

gctcggaggg
cgtacgaggc
cgggceegegga
tcgteegtgg
aggtggeegg
agtcccatcg

ttgcectgec

agatccagcc
acggtgtcga
gcgtggacga
gcggeacggt
tcagcgatga
tgcegtgcete

ccaccggtga

tttccgacgg
cagcaggtga
aggatctccc
ccggggtacg
aaccggeegce

gagttgagga

ccgegtgttce
ccagcgcectce
ggaagcccce

ggcggtcgag

cgaccagatc
cgatgatcgc
ccagggtgac
caggagtggg
ggeggttgeg
cgcgggcegat

gggtgagcag

aggageggcece
tctggaacag
gcagcagegg
ccagtggcecg
tcattccgct
ccegtegetg

ccggcegagcece

ggcaggtcag
ggtggegege
cggeggteag
cgccgacgtce
gttcgggage
ggeceggtgge

tgaggacggt

tgcggeectg
gcggeagegg
cgatgcgctce
cctgegecac
tgtcgeegga

cgacgtcgat

gaaaacctcc
acgtgggccg
gtggcgggtg

gtcccagecg

ccacagcccce
gatggcctca
cgtatcggceg
atggtcgaag
gagctccacg
ggegteggeg

gacctcgtge

gtcgggtgte
gggeggtgeg
tgggeegteg
gaggccgacg
ggcctectcee
gaaggcgagce

caggacaccce

gtcgtgcaga
ggtgagggag
cgggtgeteg
gcaggtggeg
gcetggegcea
ggcgagatgg

geegtegggg

ctggagttgg
ggtgagcacg
gggteceggece
ctcecteeggg
caccaggegce

gttceggeceg

caggaggtct
atgccgaaga
tatgtggtgc

cggtegetgg

tcggecgacc
tccgecacca
ccgecgatga
acgatggtgg
gcggtgaggg
ctecgggtgge

tgtgeggegg

gcggggegtg
gtggtgcccce
acgagagcgt
cgggccatgce
cacagtcccc
gcgtcgagaa

gcggeggacg

tgccaggegg
ccgagegtgg
gcggggatcce
acggtcgcecg
tcgaggccac
€gggcgagceg

tcgggggtgc

cggaaggcat
ccctegtcega
tccatcaggt
tcgeggaggt
agcgaggcegt

gtgaaccggc

ccagcagcag
atccecgegtc
ccggceacgtce

ggaatccgct

gcacgccccce
tcgccacctt
ggccegteeceg
€ggggagecg
agtcgaagcc
cgaggaccgt

ggtcgagecc

gceggtggece
gtagcgcectt
tgtcgaacag
gggtgeggte
atgccaggga
aggegttgge

agaacagcac

catcggcctt
cgtcgtcgag
gcecgageag
tggcgceccaa
ggeggetgat
cggcgecgag

ggtccagegt

ccctggectg
acagccgcaa
cgtacgcccg
cggtettgec
cgacgtactc

tctcgaagtc
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17220
17280
17340

17400

17460
17520
17580
17640
17700
17760

17820

17880
17940
18000
18060
18120
18180

18240

18300
18360
18420
18480
18540
18600

18660

18720
18780
18840
18900
18960

19020
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gagggtgegg

tttgcegggg
ggccagtccc
tgccaggtcc
gccgaaggtce
gccgaacgcea
aggcccggct

catccccagg

tacctggtge
gaccgtgcecc
cagggcgecce
gatggccatc
ggccegegtcec
cagtccgcag

cgcgcecegceag

ctgaagcagg
gaccgtcegtg
aggcggatceg
gggccceget
agcgcaccgce
gagggtgtcg

cgtgagcgat

cgagtccggg
gctgacgecg
geegetgteg
gegtggggceg
ttgccgecag
cagcgtgtceg

cgccagggtce

gacgaggcga

ctcgeegtgg
actccgeegg
accagcccgt
cagtggtcgg
tccgegaaca
tcgagcacca

gccaccagga

gggccecageg
gegteggege
cccteggtgt
tgcggttcge
aggtccacca
atcgeccgege

gtgaccagca

tccagegctt
tcgtegggee
ccecgegtceca
geegecegtcet
Cccgaggegccg
ccegeetgge

tcggecgagg

ccetgeggee
cgccaggega
agtgccagcg
tcggeggeca
acggcgcegea
tagaggccgc

ccggcaccgt

tgcgetcecgg

cgtagacctc
ccgcagegtg
aataggcggt
ggacgcggat
cgcccatcac
ccceggegece

catcgcggaa

ggtcgeggte
agtcgagccg
cggctcgaac
ccagcgcgac
ggaggatacg
ccgccaggtce

ccagcectcgce

gtcgggtacg
cggcggeage
gggccgtcac
ccagcgeggce
tcgeeggggg
cgccgagggc

ccaccggcegce

gcagccgtac
acggcagcag
ggtggagegce
cctggteggg
gccecctggaa
tgatgtccag

cggcaccgct

ggggatgeceg

agcgcccagg
caccagcacc
ggcgaacacg
cacggtggcec
ccggtcecececeg
ctcgetgcecc

gttcageccg

ggccgaggac
ccagccgeeg
cagccgggcec
cgcecegtggt
gtcgggcetcec

catcactccc

gcceggcecage

gacacgggta
Cggagggcag
cagtccggca
agcccatcca
ctcgggegeg
ccgcaggtcec

gcecegteteg

gcgcagegtce
gccatgtcecce
ggcgtcgage
gagccgeacce
ggcegegacceg
gggcteegeg

gatgccatca

tgggcgcegta

tggcgggeca
gactcacccg
acggggacgg
cggtcggega
ggcgecaggt
agcccccgcet

gcegeacgea

gccacaggeg
ctcecectgtg
atgtgeggcet
agcgecegecce
tcggectgeg
tcegeeggee

cgegettege

cgggeggtgt
cccacgaaca
aggtccgggt
ggaatggctt
gcggtccact
tccagggceca

tcggccacgt

ggtgtgeeeg
gctggattct
agcgeggggt
tcggegtagg
tagccgaagt
cccggegegag

gtcggggcect

gggtgtccca

gttggacagc
ggcgceagtcce
cggeggeetg
tcgcgaacgg
cggccacttc
gcccagggac

cctcgatcceg

ccagcccctg
gcggegtgag
ggceceggececeg
acgactcctc
cggatcgcac
cggtggcecac

cgagccagcee

ggacgtcgge
ccaggtccgg
accgccgtac
ggccaatcac
ccagggcegta
ccggeegeag

cgacggcaat

gggagcgceag
cctegetteg
ggaggcagaa
tctcetegee
ctgeggeggc
gccacgeccce

cggecgecag
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19080

19140
19200
19260
19320
19380
19440

19500

19560
19620
19680
19740
19800
19860

19920

19980
20040
20100
20160
20220
20280

20340

20400
20460
20520
20580
20640
20700

20760
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tgtgeccggte
gtcgegetgt
cacctggagc
ctccagcecgg
gceeggeage
ggcgagecgg

cagtgggtgt

gtccagecag
ggggtgggtyg
ggtgtgggtg
gctgecgatce
gagggtggeg
gacggcatcg

ggttgtggtg

cgggctgatg
gtgcgaggea
cagcacctcg
cgcegecacce
aggcagegec
cagcgcaaca

gatctcgecce

agcagccaaa
caccgcatcc
cagagcctcc
cacacccatc
gtcaccaccc
ccccaaccct

cacagccegce

ctggeegtceg
cttgcagcac

ccttceccaac

gcatgceegtg
gcgtagacge
gccacgecege
gggcagecga
aggacggtge
ccggtgagea

ccgaccgges

tagcggcegge
tggtggtagg
tgggcgaggeg
gcggtgacgt
tgggggetga
ctgaaacgga

tccagccagg

tcceecagea
tagtcgaccg
tccaccgcect
cacaaccgcce
actgaggcca
gtcttegeeg

tgggaatgge

gacaccatga
ccegegtcecc
tcgcacgect
ccggeccact
ggcegcatgac
tgcaccagct

ccacaggeca

ttttacaacg

atcccecttt

agttgcgcag

tccacgcegcec
tcagtgcgceg
cggtgteggg
ggtgtccgece
cggcgaccgce
gatatccgtce

ccagceceege

gctggaagge
tgtagtggtg
cggtgaggaa
cttcggceggt
cttcgacgaa
caggctggtg

tgccectcecac

gctccagcaa
ggatccgecg
cggcatcccc
ccgcccaccg
tgccgecececg
cgtccttcag

Caaggaccgc

cgctgaacag
ggcgcaggat
gcatccgecg
gcccaccectg
ccgtggtcac
cctcacggtc

gacccgeacce

tcgtgactgg
cgccagetgg

cctgaatggc

ccgggecgece
geggeeggte
gaggacgagc
gacgtgcacg
gtggteggtg
gcecteggeg

ggccgtcacg

gtaggtgggce
gtgccaggtg
gcggegggtg
gtctteggtg
gacgeggtgt
caggttgcgg

cgtggagaag

ctccteecege
ggcecgeacce
Cgagacgegcg
ctcaccaatg
gccecgeaca
gctcagegcece

gtcgggttceg

cacaggctgg
gtccaccaca
ggcgaacacce
tccgggaaac
ccgecgatcec
cgcggecagg

cacatcggca

gaaaaccctg
cgtaatagcg

gaatggcgcc

cccteccacg
tcgteeggtg
ggggegtgea
gccagttcca
agccaggggt
agtccgaccg

tcceeggtgg

agatctaggt
gtgggtgtge
tcgttgtcge
gtgtcttcga
ccgtcatcceg
taccagtagg

aacggcacgc

aggggetgea
ccggtgeegg
gtggageggg
agctgctcca
gcggecageg
ccacacacat

ataccgtagg

accacatcgg
gaccagtcca
ggagaggagg
acgaagacga
ggctcacccg
acgaccgcac

agcgaaacgt

gcgttaccca

aagaggccceg

tgatgcggta

cggggtegtce
cccecgacggce
gggtgagcte
cgtatgcggt
gggtgtgcegg
ccgecgecgag

tcgcecggggce

ggtggttgtg
cgatgccggt
cgcggegegag
tggcggggac
ccagggcectg
cggegtccag

cggacggctg

catgggggca
cacagtacgc
ggcecegttgac
ccteetggge
cceggetgeg
gcgeggcecege

aacgccacag

ccegetecca
cccacggegce
cgagcagacg
caccgceceeg
ccgccagegce
gatgctccag

aagcttggca

acttaatcgc
caccgatcgc

ttttctectt
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20820
20830
20940
21000
21060
21120

21180

21240
21300
21360
21420
21480
21540

21600

21660
21720
21780
21840
21900
21960

22020

22080
22140
22200
22260
22320
22380

22440

22500
22560

22620
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acgcatctgt gcggtatttc acaccgcata aattccccaa
gggagcgegg ccgatgcaaa gtgecgatca acataacgat
cagctattta cccgcaggac atatccacgc cctcctacat

tcttecgeect gecgagagetg catcaggtcg gagacgetgt

ttctcgacag acgtagat

tgtcaagcac ttccggaatc
ctttgtagaa accatcggcg
cgaagctgaa agcacgagat

cgaacttttc gatcagaaac
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22630
22740
22800

22860

22878
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