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(57) Abstract: The present invention relates to a technical field of protein engineering for increasing the enzyme activity and thermal
stability of human hyaluronidase, which is a hyaluronic acid-hydrolyzing enzyme, and relates to a hyaluronidase PH20 mutant or a
fragment thereof, comprising: the substitution of at least one amino acid residue, among the amino acid sequence of the wild-type PH20
having SEQ ID NO: 1, at an alpha helix site and/or a site corresponding to a connection site thereof; and selectively, the additional
deletion of an N-terminal amino acid residue and/or a C-terminal amino acid residue. Specifically, the present invention relates to a
PH20 mutant and a fragment thereof, the wild-type PH20, having a sequence of SEQ ID NO: 1, comprising: the substitution of at least
one residue selected from the group consisting of T341A, T341C, T341G, S343E, M345T, K349E, L353A, L3541, N356E and [361T;
additionally, the substitution of an amino acid positioned at alpha helix site 8 and/or the connection site of alpha helix site 7 and alpha
helix site 8; and the deletion of some amino acids of an N-terminal site and a C-terminal site.
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st -9l A st o] 4de] opw Ak 7719 A gha) A 0w F=7bA Q) N- b} @i cogrke] ofu] w-Ab 7] 7}

779, 8| 4T E U ThA PH20 W ol A T o] o] Ao tigh Hlolvh FAH R s AEWE 19 AdE 2t ok Y PH20

o 9lof, T341A, T341C, T341G S343E, M345T K349E, L353A, L3541, N356E % I361TE 74 % ol A A &H 3l o] 4o
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7] & &k

Bt o 3 A F 2l 7h ] Al Azt A g F2UtAe s g4 d
AL FFA N At 17 B L FEUTHA WMol Aol ek Ao,
TARLRE = AEHE 19 opu] =4t A& 7FA] = oFA & PH20,
ul kA &1 7] = L36~S4909] ofn] A A & o] Fo] 2l AL oAl E PH209]
Aorfad 9 W= 1 QA B9l s @ sk F ol A dput o] o] of ] Ak
ZA7)e] X3k Felslar, e A o2 N-whdh 2/ = C-hgke] obu] Ak 2]
AR AN g FE Wﬂrxﬂ PH20 ¥ o] A HE1= o] o] A, o] o] Al Wy 3
ol & XL tat= ofAletA A= ol w3 Aot}
CL R P s

AZre] ¥R 11, XY, detA i For A E o glam, 3 =6
9 =8 ZAM] =2 2] ZH(glycosaminoglycan) ©] <& A gk},
=] AN =g Zhel = 3] &5 &4k hyaluronic acid), ZE 20l
212 (chondroitin sulfate), B v} &F 2419 (dermatan sulfate), 3l 3} ¢
315k (heparan sulfate), 3 3% (heparin), 7| 2} &F 34F43 (keratin sulfate)©] - 3H},

=] ZA| = HE o) FEj o] Ho] BhRA o2 AAH X5 ol EH
Gl dol&= 8| AN =g ZE vk v 2 A vE = T o) A =5 7f o]
ettt =] AP =2 X Sl A Bl A FEARE A EAFF e Al

[7go] T 3tof] EA g}, 3] L FEARS A Evte) EAlShE 3| EFEAL
314 & A (hyaluronan synthase)©l] 9] 8} &4 ¥ ™ Z 2 ¥ @ = 2] 7t (proteoglycan) 2}
oA FaL w0 7 Eajst, A 7 ‘Sit gt
=] ZA| mF g ol v & = 2] AA] I & 22wt
A3t A7 & 7HA L Qo) B R %’?}% =5 A 24 glucuronic acid)
N-o}A &l =5 F AL (N-acetylglucosamine)©| f-1,3 A3}oll o) 1A= o] a1,
ol &1 gk o] F+7F th & 5,0000 H %lﬂﬂ} N-obAld = F AR =5 24
Alol = B-1,4 AZloll o8l AZA= o i) A7k ol A ek 1/3 (5 g)@l
Sl F A w Y el E = Ao A T

3| - F 2 YA = Al 3E 2] 7] A (extracellular matrix)©l] ¢ %] 3 3| & FEA4HS

g sk mAo| v f1Zkoll = 6 TS B A FEUTAI 7 EASHE o R
or#1 7 It} (Hyall, Hyal2, Hyal3, Hyal4, HyalPS1 ~1€] 3 PH20/SPAMI).
o17Fol| A Hyall ¥} Hyal2-& tf -2 27 o] A w3 ¥ PH20/SPAM1 (©] 3}
PH20)-2 74 A}-o] Al 27 4 A (acrosome) Zroll W& F T}, 1% A 7F HyalPS 1
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pscudogene .2 WAE| A gizrh, 3| FF R AL | LEEAL dudt
Mol mhel 3 EF 2 UpRrol it HOB AL Sl N-ob B 3 Ak 2

[6]

[7]

[8]

[9]

[10]

FFEAEN ALol 9 p-1,4 AFS AveE B A(EC 3.2.1.35)9) p-1,3
Ashi= A 4(EC 3.2.1.36), Z18] 3L H,0& AFE-6FA] Al B-1,4 24
At ] 3] F 2 Y TAI(EC 4.2.99.1) 2 HFo] X T,

Hyall 9] Sl o}v] =4k 7] D1299} E1310] ™, substrate-assisted catalysis
WP O B B9V B AR 7HR e BT Hyall & A O pH 3-40] 4 41 42
LERH™, pH 4.5 o] el M= R4 24 o] 81t PH20-> Hyall3} 22| pH 3~89]
e pH Tl A s 24 € Uehan,

Arming 52 PH202] =7 o} x2to] D113} E1139 S 413t} (Arming et al.,
1997). Arming 5-& 415 A o] A7 € PH20S] 3 WA obv] =418l Leus
1Moz ggatlons Ag A de] g o] 3li= PH200 A 3= S
oju] =4k 77]= 747} D1467) E1480] 8l &gt

R B A EE R ELEEDE SRR
A (viscosity) S TAaAl A 22 (I )2 2 9] F3}A (permeability) S 574 71T
u] -2 1] 3} (subcutaneous) -1 = pH7F thEF 7.0 ~ 7.5%0 Aol g o] ¢
S el 3l F 2 YA Foll A PH20°] Yol A ol A3 A Il
(Bookbinder et al., 2006). PH20°| 9 A}ol A AF& 5] 3= o 3= ot} =<4z o) A
eholehAl W whal FAL H7hAR o S¥) 5 Qlar, A A A S 95 AL
) &= PH202 ¥ & 5] 3t} (Bookbinder et al., 2006). B3+ <& %A 3 of]
8| e EAto]l Il M= 5A4& o] &3to] PH20 2.2 & A E A3 2] 7] 4 2]
|G FEALE ThE Al et AR BA Y SFAE HIAAE Fol=d
AT ek 22 o] et EAsk= A W P A FFE
ZE 735 = = A E

PH20-2 Lathrop 5-°ll 93l 7]\ 3] Z1(guinea pig)2] A Aol A A & 0.2
SAEJ I, T E B2 Fo Ao & dhd H ol e A vt ¢1%12] PH20
F A A= Lin 5 %2 Gmachl %5-©l] ﬂéﬂ 2249 H3lrh 17 PH20:= A€W 3 19
whe M A S 7= 50970 9 obn| At 712 A H o] flaL, 7Y 9] 1o
PH203} = 60% o} =4k A o] A x| gk}, 17Fe] PH20 8.4 SPAMI (sperm
adhesion molecule-1) - A A2 18 7 ¥ A xpo] AlEd) 31H 3 A 2 2
QFZof] PH209] Serd90°] glycosylphosphatidylinositol (GPI)T’Jr Agtet e =
EA g A= B G FEA4o] W WAL cumulus layerE -3 8Fo] T A}
Gho.5 2% 5 o PH2S o] 8 3fe] B2 E4LS 1 ) B, PH2OE 4]
WA kel 1% ol 2 A8, 6711 2] N-5 3} Ah2] & 7H o (N82, N166,
N235, N254, N368, N393).

AA F A o2 Fol o] & 5= PH202 &vh 9] arshol| A 53 d efolr},
of| 2= 3t} Al(Amphadase®) (4 3] &7 2 U THA) 9} H] E 2} A (Vitrase®) (&
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[11] Bovine testicular hyaluronidase (BTH)&= 42| oFAl 3 PH20 4| 21 &
N E] = (signal peptide) 2} C-2¢t 5671 ] o}v] = 4H-S
ool 2] o W ¥ (post-translational modification) 2} ol A A A gt & gl o] T},
BTH =5t & @i Aol ofn| = 4h-g 28H8E A AW 5 wh 2 2~(mannose) 7F
5%, =5 ZAF (glucosamine)©] 2.2%E 24| ¢t0). &5 78 3| L FR2YUTAE
AA o] 31 §Fo 2 dha Fold 79 53818 A| (neutralizing antibody) 7} A4 2
T ATk EEA FrEf gk 3] ¢ F =Y A o = PH20 ©] 9ol & ThHE A A & o]
E3EE o] Qloj A, 1Al Fo] Al ehel ] Hbg-& Ao 7] o] EH 5 9l
(Bookbinder et al., 2006). 53] Aol A 53+ PH209] 74 -F-oll = 3ol tf st
-2 &2 A4k} o] &o] A gto] i), o] e gk A H & M) AEl A%t
PH202] A =3 vl d o) of ¢k o177} 1 3 =] Sl v

[12] O17F PH209] A 23 Wil A& § 5(P. pastoris), DS-2 54 ¥, TEAH X
oA EEE o] HauHArt. S A EL} aRA ik Al 2F PH20
chl A o vbl 2 o S & g of A N-F k9] o] Q13F PH203 o} =1,

[13] Bl A FE YA Sl A @il 57271 W] X1 41 Hyall (PDB ID: 2PE4)
(Chao et al., 2007)3} Bee venom hyaluronidase (PDB ID: 1FCQ, 1FCU, 1FCV)7}
AT} Hyall-2 S| Ev| 17} EGF-FrAF =Rl <] 27)] vl o2 -4 & of
Qo Suf Euole gulA o] 231 25 B 5= LAl )
HEF-2~E N =7 Zh7F g A HHE B = (Bla)s Bl S ©] =t (Chao et al., 2007).
EGF-f A5 | €12 Hyall 9] C-@eto] th= 7] & dfo]d | Wlol Ao A B
HEE o] 9T} Hyall ¥ PH209| obn] =4 A -2 35.19% A #]5hH, o} %] PH209]
Sl G vhe] XA okt

[14] 217 PH202] A] 23} ¢ 22 Halozyme TherapeuticA}oll 2] &l 7} 2] o
Hylenex ‘%4 2= vl ¥ 31 1T} (Bookbinder et al., 2006; Frost, 2007).

[15] PH202] S o}n| - AkQl D1463} E148-2 Z}7} o} ~ 3}k x(D146N) 2}
ZFE(E148Q) 22 E1HOIA A& o &4 &4 o] g1} (Arming et al.,
1997). =3+ PH209] R2462 Ze]2l o2 X 3h3pd &4 84 2] 90%7}
7F 59 a1, E3195 2 5B, R322S Eg e o g X33P &4 84 o)
Aol F ek PH202] C-et 229 ofv] =2t 3670 7} Al 7 H(474-509 o} ] Al A ek
H ol A= ofAd PH20H T} &4 & o] 75% 7425t} o] Zdwol= A X
pho g ¥u| ¥ A ¢Fa1 HeLa Al ¥ Wof] Z+E313A T} PH20o A C- et 1347)
oty :=ito] A A ¥ H, PH202] &4 E4do] gllow, X vro g FH¥ A
2 T} Frost 5ol 2] 3HA PH202] C-21t 477-483 -9 = 584 (soluble) 13 o]
d 4= o]t} (Frost, 2007). Full-length PH20 (1~509) 1= C-2¥to] 46700 4 A ytE
PH20 W o] A o] &4 & C-drto] 477483 5 &F 3]l A A kg PH20 ¥ o] A 9]
10%°1 & 33t T (Frost, 2007).

[16] ghH, A 23 PH20-S A 3] & b ol dha fo] S| Heho], Bt
g 54E 7HA = L F R YA gk =87t 2 3ol

(o
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[17]
[18]
[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]
[29]

oL

B ukrgd of A2 of Al d PH20, vl A 5HA| = A5 oFA & PH209) 1] 3]
] =] Bl eFF 2 Y tHA| PH20 Hol A =

-I—‘—L‘—i;j!_ 31_4: OT_'I]- ‘]-‘E—'— [] [e] = =

&7 =A e G sk, & EE e OVE@ PH20 vt sl = A s e
oF Y PH202| o] =qt A ol §lof, drupipal 9 B/ T A F9 0
S ok F oA shit o] o ofn| Ak 7] o] X ghg Eetetar, AE Ao s
N-gt B/ = c-deb o] opn ) 7] o) A 7E A A | s F 24 thA] PH20
o)A = ol o] 5 Alsd

S w3 Y] ¥ dgel whE B FE U thA| PH20 M o] A Hi= o] 9
dds xgst= ARG 2= R olE oS AR & AlE it

[e]

% 1 PH209| @i 34 Edlolv). vl A2 7} 45 % Hyall
(PDB ID: 2PE4)2 -8 © & (Chao et al., 2007) Swiss-Model server
(https://swissmodel.expasy.org/)oll Al PH202] @A 321425 Bl & 5151t}

% 1A= PH209] Wh A 3}t % B El gl Zuf oln| :- A9l D1467} E1487}
FAE o] T} PH209] Wil 32 = Wl ER- A E W E ) oy o] 8
v s o] A E of 9l

% 1B PH209 ¢opbubd 8uf ehufi)Ad 89 N-d et Wb ek A H-91 & o] F
G340~1344 Z+717F 912 8F ol Ek(n) 8 FX 5 VEFWTE G340, T341, 1342, 3343,
1344 27| 7} 24 7f A o] 9]

% 1Co = PH209] &apvhd 8ol A&k ofm] Ak 5 o] -3k 2} 2 9f
A& 2G-S o] Fi= ofu| Ak Z71(C351, Y357, N363)7F Al o] 9ltk C351L
ehubd 100 /X8 C60} o] 3P Adh S o] FaL, Y3572 M EF- A~ EWE 73}
tubipal 7 Abolo] § %3k F3159F A4 A5 A8 S o] Fa1, N363-2 oAl
1ol 1% g D69 1171 &F =4 A §H& o] F3L vk

% 2% ok A (wild type : WT) PH20 2 - g o] A A 2}gk W o] A & 2] v A

S ]ﬂ Zlolth, WT & ®H o] i]%—o‘ ExpiCHO A| 3 ¢l A transient
transfection W & 2 WA E T} WTH & &Fo] 16.1 mg/Lo]t). W ol 4 HM13}
HM60l 7|5t

o] A &S vz g ek ]WTEE} wolomw HM49 HM79)
7HE Bkl Hol A HM6ol A F71H4 Q1 o} w] =4k X] 2H(Y365F
1S n

‘&
ol 2 wkE] 2o o
T4lgk HM L R ] 6.4 mg/mLE 7+43}5] T

1 [367L)S
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[30]

[31] L2 32 Wol A HM 13 HM6el o) 3+ 2 &4 1}o] T},

[32] 5 3A= WT ek ¥ ol A HM1, HM69| A Al $- SDS-PAGE 2 #}o]t}. A Al 1=
HisTrap A ¥ 7} Q Sepharose Z2 & & AF-&-3F T wWT<} ¥ o] A HM1, HM69]
H-Aeke ~70 kDao|th (7217 A ™ M, ¥AH3F nbA; CS, A5 9 FT, flow-through,
Elution, §-% +-%)).

[33] %= 3B pH 7.0°1 4] turbidimetric assay 2 <73 g+ WT <} ¥ o] 2] HM1, HM62]
a4 84 gholt). & vy ol A turbidimetric assay & 54 3F &4 A4S
H] 2HA] & (specific activity) 2 W EFU T}

[34] 1= 3C T substrate-gel assay W 0.2 WTS} ¥ o] A HM1, HM62] &4 &4 S
LR A o]t 2.5% Triton X-100 (w/v). 2.5 4°Coll Al SDSE A A &+ T 37°Col| A
1~4 A ZF5QF a4 vh-g-2 233t} Wol A HM6+ WT<F o] 2] HM1 K.t}
2] renaturation] ©] polyacrylamide gelol| A 3] &5 248 713l 8l 3l t).

S Aol M= WT 2 Wol A dil Ao o & 5] dF2A4ko] w3l ¥ Aot

[35] 5= 3D3= substrate-gel assay WH .2 WTF Hol A HM19] a4 243 pH
5~8l Al 24z eI Aol th WT e} ¥ o] ] HM1-2 pH 5~8 -1kl A 42
LERU T, pH 5.000 A 7HE a4 g0 o] ot Hol A HMI-S QIZF &5 il
E= 1 Hyall 9] 21 & FE[ =5 7hx] a1 Qo). S o] == WT 2 §o] A
vl o] of ) 3] ¢ EA4ko] Haf | Aol

[36] % 3E3= Phenyl 2 8-S o] &30 WT$} ¥ o] 4 HM1, HM6E ¥-¢] 3 A x}o|t},
Hol A HM17 HM67F WTE.th T 2] Phenyl 2 Holl A §& ¥ th

[37]

[38] 5 43= Amide-80 A S o] &3} 107 Z 1A F2o] WTS} ¥lo] %] HM67}
el gk B R R HFAALEES LA S Aol

[39]

[40] 5 532 PH202] G340~1344 13t o} At & A o] of) o §F 4 9 A wfo|

[41] % 5SAE ol A HM7, HM8, HM9, HM10, HM21¢°] ™ 3t HisTrap A ¢ A #| &
SDS-PAGE A }o|t},

[42] %= 5B pH 7.09 A turbidimetric assay % &2 WT$} ¥ o] 4] HM6, HMS,
HM9, HM10, HM21, HM79l t &k 5.4 &4 & 543k A ajo|t),

[43] 5= 5C3= substrate-gel assay S ©]-8-3Fo] WT<} ¥ o] 4| HM6, HMS, HM9, HM10,
HM21, HM79) gt g4 A& S48 Zlolt), = 5C9] ofefof W 1ef 3=
Alcian blueZ gelS 4 T W= 2 A&Fslo] a4 F4 =S e Aol
s aol == wWT 2 Hol A g Ao o g 3| dF2EAlo] Faf ¥ Ao,

[44] %= 5Di= Phenyl Z &8 o] &-3}o] WTe} ¥ o] A HMS, HM9, HM10, HM21,
HM7-& +-A gk A 2}o] T,

[45] % 5E+= IEF gel £ o] &-3Fo] pH 3~7 -7-Zkoll Al wTe} ¥ o] 2] HM6, HMS, HM9,

HM10, HM21, HM75 5734 gholl uhe} 22 gk A 3ol
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[53]

[54]

[55]

[56]

[57]

[58]
[59]

[60]

[61]

[62]

[63]

[64]

[65]

% 62 Hol A HM119) tldt A3 Aot}

% 6AE ol A HMI119] th 3t HisTrap 2 -2 o] -3 vhal>d A | 4 7} o o},

%= 6B pH 7.0°1 A turbidimetric assay & ©]-8-3Fo] WTS} ¥ o]l A4 HM112] 84
24 S 543 ool

o

% 7-& N-Eebo] HykE PH20 ¥ o] 2] HM40, HM13, HM41, HM24, HM42 2
HM25¢°] th &k 21 8] A 7} o],

= 7A3= PH20 ¥ o] 4] HM40, HM13, HM41, HM24, HM42 2 HM25¢] th 3k
HisTrap Z & o] -8 vl g x4 1 o] o,

%= 7B3= PH20 ¥ o] &) HM40, HM13, HM41, HM24, HM42, HM25, HP61 %
HP62°] o & ExpiCHO A3z A o] & gk& Lielhd Aot}

%= 7C+i= pH 7.0°1 A turbidimetric assay = PH20 ™ ©] #] HM40, HM13, HM41,
HM24, HM42, HM25, HP61 2 HP622] &4 24-& v ZA = & Vel Aol

- 7D3= PH20 ¥ o] J] HM40, HM 13, HM41, HM24, HM429] &4 34 &
substrate-gel assay = LEFH Zlo|t), S Aol == WT L Hol A vl of o3
S| &k FEARe] Faf | Aot

%= 7E+= Phenyl 2 H & ©|-&3to] WT 9} ¥ o] A HM40, HM13, HM41, HM24,
HM42E ¥4 eh A vfol.

I 7FE PH20 W o] A HM40, HM13, HM41, HM420]] th8l] 2% 7}l up&
YA =271 9] WEE e Aol

82 HM6E 8 o2 Al2td C-2et Ak ¥ol A<l HM14, HMI15, HM169]
o g+ A 94 ol Tk,

T 8AE Wol A HM14, HM15, HM169] th 3 HisTrap A #| 3 SDS-PAGE
Aitolt}, 2T o2 WTS ol A HM6S ¥ 31513 o

%= 8B pH 7.09 A turbidimetric assay % &2 WT$} ¥ o] 4] HM6, HM 14,
HM15, HM162] &4 848 543 Ao},

1= 8C = substrate-gel assay WH O =2 1, 2, 44| ZF 5 QF WTS} ¥ o] 4 HM6, HM 14,
HM15, HM169°] t 3t g4 84S Sk Aafolt}, = 8Ce Q8% 1 X =
a4 9hE 1A ZF F Alcian-blue® A3 3 g4 AL ol 13 2 e
Zlolt}. A o] mi== WT B ¥ ol A vhilal o] of &) ] o7& 4ko] H-af ¢
Aol t},

%= 8Di= Phenyl A 718 o] &35}e] WT9} ¥l o] 4] HM6, HM 14, HM15, HM 162
B3 A go| ),
8E+= IEF gel$ ©] &3] pH 3~7 1-Ztoll A W o] A HM14, HM 15, HM16<
A ol whe} -2 gk A o]t

.l-rl

U

>

g

l-ﬂ
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[66] 9= HMI10S 8 . & A 23l PH20 ¥ o] A HM 1992} HM20¢°] o] &+ 21 9
Aol

[67] % 9AE= PH20 ¥ o] A HM19¢} HM20°) ™ 3t HisTrap 2 &S o] &3 vhufd
A4 2ol

[68] 5= 9B1= PH20 W o] A HM199F HM200] th &k &4 48 pH 7.001 A

turbidimetric assay = H| nl g+ A o] T},

[69] %= 9CE WTS HM10, HM19, HM20¢] t 8l substrate-gel assay = 37°Col 4|
1A {F & 9F B AHH-S 3 Alcian blue §1 4] 2} 0. 2 SDS gelS 341k A o]t} 2] 4] 2]
== WT R Hol A df o) of sl 3] dF2A4ko] HafH slojt}

[70]

[71] % 102 54 F4FHH (Dynamic Light Scattering, ©]3F DLS2}aL $}) A1 &
o]-g&3}o WTQ‘r 20 Hol A E SH2EE A gholth 54233
HHE5E9 a1 o +S.E. gF e =2 VERl AT

[72]

[73] 5 112 ofmEHolnlo] = (0~0.5 M) H 7F Al WT2} PH20 ¥ o] 2] EHEF
A719] HPWstE 543 3 Stern-Volmer plot 22 LEFH Al o]}, o}v] =4k &=
EYHETRL 295 nmoﬂ ] o] 7] (excitation) ¥ ©] 340 nmoll A F o} &34 o4&
W23 emission). o} Holrfo] == 28 Hap g A o] Rz g
HEFsto] EYER o3 &S quenching® = it} whl A of 271
FATFS ol olntol ol o] gk ¢ quenching U =Lt} FO&=
ol Holmtol =7} 1& W o] 33 gholar, Fiz ofz1 ™ obrtel = (0~0.5 M) 7}
Alel 3 gholth &3 54 4kl W3E Fo/Fe] vl &= Yehy gl

[74] % 11AT WT ¥l o] 4] HM1, HM4, HM6, HM7¢] o} $F Stern-Volmer plot®] U},

[75] % 11B= WTS} ¥ o] 2l HM14, HM15, HM16°] o $F Stern-Volmer plot®] U},

[76]

[77] I 123 HMI10 7| HE PH20 W o] A 2] ExpiCHO A ¥of A o] k&l g8 vfell
oty

[78] % 12A%= 7 ol Ao e s 1 e SR ekl Alolth

[79] 5 12B+= 4 Wol A o] RS = e Zlolth WTeF PH20 ¥ o] A &5

C-2dol 6xHis-tage 7FX] 3L 910, H1sTrap A QA F-of @i b ks
mg/LZ A3 T HM30~HM33 ¥ o] A -2 ExpiCHO A 3ol A & B %]
& skt
[80]
[81] %= 13-& HM29, HM30, HM31, HM32 % HM33 <] Al Zulj e of] o g+ Western

blot A 3}-o]t}, HM10 7]HEe] ¥ o] A Q1 HM29, HM30, HM31, HM32, HM33-
C-to] A467, C464, D461, C358 L C4559] th2-ol A Agte), c-dto]
A467°0 4 A e+ ¥ HM29+= ExpiCHO Al ol A L3l ¥ Q) o1} c-dheto]
C46400 A AdE A o] & 7 9ol = ExpiCHO A E ol A & ¥ =] gkt
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[82]
[83]
[84]

[85]

[86]

[87]
[88]

[89]
[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

Primary antibody+= rabbit anti-PH20 polyclonal antibody (Abcam)©] ™ 1:500 2=
8] 2413} 91}, Secondary antibody+= Goat anti-rabbit IgG HRP©] ™ 1:2,000.2. 2
S|4 s,

e

e
L
L

% 14 HM10S T+ o2 Alztd -2
T 14A= HM10S =8 22 A2 d C-

turbidimetric assay @ .4 2418 43 23}

= 14Bi= HM10< -8 0. 2 A 2}3k 177) PH20 Hﬂo] A (HM43, HM44, HM45,
HM?20, HM19, HM35, HM36, HM37, HM38, HM39, HM47, HM48, HM49, HM50,
HMS1, HM52, HM10)E 9] C-get Aet #pglol] w2 &4 848 v gk Aol

% 14CE= HM10E #3802 A 23k PH20 ¥ o] A & ol 4] HM29, HM35,
HM36, HM37, HM38, HM39, HM43, HM44 2 HM45¢] th 3]l substrate-gel assay =
37°Co A 1A ZF T &AW T Alcian blue G A 2F © & SDS gelS & A &
Zlojt}, g o] == WT 2 ®o| A A of oz 5| dFE4ko] W3
Zlolt},

HolA 5ol e A4
Hol A 5ol thall pH 7.

1—1
O

f

LS
o

T

-

_114_[

5 1552 ExpiCHO A 30| A 23 ¥ HP34 (52 15A)2F HP46 (5= 15B)°l] th &t
Gl Al 5 S AHE 73] 9] SDS gel& WER Aotk HP34:= Q
Sepharose, Butyl HP, Heparin, Blue Sepharose Z 9 o] 4 @7 A & 71 % 2™ SDS
gel Blue Sepharose Z & A A $9] A 7} o] T}, HP46-> Q Sepharose, Butyl HP,
Heparin 2 & 2] 3 @7 A A& A% 2™, SDS gel Heparin Z & A #| -2
A 3ol

162 HM21S 538 o & A 21 ¥ 6xHis-tag®] §li= PH20 ¥ o] A <1 HP34 ¢}
g
HP462] a4 24 & Ve Hlolt,
= 16AT= pH 7.0 A turbidimetric assay *4'H ©. 2 WT<} o] 4] HM21, HP34,
HP469] a I@]—/K-LQ_ 57& &} ﬁj/]—o]ljl-
%= 16BT pH 5.3% 4] Morgan-Elson assay *4'*H ©. 2 HW2<2} ¥ o| 4] HM21, HP34,
HP462] 8.4 &A1& A3k 2 1lo|t}. K, Michaelis-Menten 737, k.,: turnover

number, k., / K,,: catalytic efficiency).

L2 17-2 HM21 7|9k ®lol A 54 ¥4 A& vrebdl Aol
% 17AT HM21E 8 2 2 Al 2 H 6xHis-tag®| 1= PH20 ¥ o] 4 <1 HP342}
HP46°l T3l DLS® &35 8 5S4 ¢ slolt}. tlxa" 22 HW22} HM219]
SHLEE VeI
%= 17BT HW2£} PH20 H o] A HP20, HP34, HP46¢l] T 6} ¢] substrate-gel assay =
IANZF S a4 848 543 Aoy,
% 17C3= pH 3.09% pH 7.0¢11 4] HW28} HP46 Al 525 14A13F F o W) & &,

_I}J' £
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[98]

[99]

[100]
[101]

[102]
[103]

[104]

[105]
[106]

[107]
[108]

[109]
[110]

[111]

[112]

substrate-gel assay S =38 3} 31 T}, SDS-PAGE - 2.5% Triton X-100 (w/v) 2.2 SDS
A ASFAL 37°C A TAIRE & QF A AaRte-& X8 st A ufo|ty,

%= 17D3= PH20 ¥ o] 2] HM21, HM53, HM54, HM55, HM56, HP59 2 HP60°])
o & ExpiCHO Al| ol A o "3l %85 vhebdl slo]th

%= 17E+= pH 5.3 4] turbidimetric assay = PH20 ¥ ©] %] HM21, HM53, HM54,
HMS55, HM56, HP59 2 HP602] &4 248 v 24 5= 2 Yekyl Aol

%= 18- PH20% PH20 ¥ o] A 9] 747} 1.5 ng/mL} 15 ng/mL 5% A 2] o] 4] 2]
CD4+ T cell®] stimulating index =74 A ¥}-o] T},

%= 193 PH20%} PH20 W ol Al 2] 742} 1.5 ng/mL¥} 15 ng/mL -5 5 A 2] ol A 2]
CD8+ T cell®] stimulating index =74 2 ¥}-o] T},

o] A A L HhEA TR

o2 Ao Ao u X Qi B B P AMN A AL E BE %A L 7y
gol5e B uhgo] Gl V| s ¥okl A SAE ARt fal BEgHow
olal ¥z A BAF U] Zhi=rh AnkA 05 B A A o) A AL§¥

B Byl E okl A & delA B 0 R AL H = Aol

g e oAl E PH2O, vl A 8101 A% obAlE PH209] o] ik A o
o]

hof, daprfd B9 H/EE 1 AA F el sl ek 4, H}ﬂﬂ%}ﬂl%
oFubibA 8 291(S347~C381) W/ =, b 73} dapulAl 8§ 1A
T-21(A333~R346)°| A s}t o] 4do] o] =4t 7] o] 2] 8 3565}3 al,
AEAo® N-e B/E = G2 o] opn| 4k 7] A7 A E o] A A
3| L F 2 U ThA] PH20 ol A 1= o] o] AH & A&t}

g ol glof, ZF Wlol A 9] ofn| At 7] o] A= AHEHE 19 &
o} 3 PH202] O}Hli Lol 9o wp&r}

S Bk ol glof, “Al & oFAlE PH20"-2 A AWM % 19] oFA) 3 PH202
o] Ak A Aol A, Al 1 EFo] =91 M1 Ul A] T359), PH202] A4 A Q1
753 T 3E A491~L5097F A E, DT 19] L36~54909] o] At
72 o] F o7 A g ofv]ghr)
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[113]

[114]

[115]

[116]
[117]

[3E1]

O3 PH202| ool it ME (MEH=Z 1)

MGVLKFKHIFFRSFVKSSGVSQIVFTFLLIPCCLTLNFRAPPVIPNVPFLWAWNAPSEFCLGKF
DEPLDMSLFSFIGSPRINATGQGVTIFYVDRLGYYPYIDSITGVTVNGGIPQKISLQDHLDKAK
KDITFYMPVDNLGMAVIDWEEWRPTWARNWKPKDVYKNRSIELVQQOQNVQLSLTEATEK
AKQEFEKAGKDFLVETIKLGKLLRPNHLWGYYLFPDCYNHHYKKPGYNGSCFNVEIKRNDDL
SWLWNESTALYPSIYLNTQQSPVAATLYVRNRVREAIRVSKIPDAKSPLPVFAYTRIVFTDQVL
KFLSQDELVYTFGETVALGASGIVIWGTLSIMRSMKSCLLLDNYMETILNPYIINVTLAAKMCS
QVLCQEQGVCIRKNWNSSDYLHLNPDNFAIQLEKGGKFTVRGKPTLEDLEQFSEKFYCSCYS
TLSCKEKADVKDTDAVDVCIADGVCIDAFLKPPMETEEPQIFYNASPSTLSATMFIVSILFLIISS

VASL

TA Ao Boubgo] wE PH20 Mol A iz o]o] AH 2 A EHE 19
A& 7ki= okl E PH209I 10, T341A, T341C, T341G, S343E, M345T, K349E,
L353A, L3541, N356E % 1361T=E -4 ¥ ol A A el E sty o] 4o WMo,
nl2h 2 &} A 3= ol u] Al A7) o] X3S Tl S EA o0& s,

vl A 3 A = T341A, T341C, L3541 2 N356ER T4 ¥ Lol A A8l s s

ol o] opr] x4k b7l o] X g Ejeh= A& 5 o= g}

o) 9lo], “PH20 W o] A= oAy & PH20S| A ol Al Ui ofn] =4t
Zk719] Wol, upghA st A= ofn| w4k 2h7] 9] 2] 3hg E3ehE Al ol 2,
183k ofu] Ak v o] X8k} §HA|, N-h ek = C-dyhol| A o] A o] At

! % FE3Fet= i o8 ARG, “PH20 o] A
Ei=olo] drolet= R AAA o E FAg JE R ARSI T

OH“
-

5

=
F

ol M= e 3k 7E e Rl QIRE 8] & 21 vhA 91 Hyall
(A AHZ 2)& vPEe = Q13 PH20] d A 2 By g Foho] ZA9]
ahol 1213 PH202] @A 32k 22 - Ak, PH202] $Eatibad 8
ol A&k opw] kg A Esho] Hyall o] ¢l 8] opn| il A&
A ghato] gao] Hujatgol= S FA FoAE Gl P d
M AstE Akl 53] &upibal 82 PH209| T 3ak 20 A
spg o) A star glon, o] 29k dubAl B = WA E o) 2 %80
thE daprpadol vlaf Aot & el whE, 1k PH209| Eubibal 8 799},
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[118]
[119]

[120]

[121]
[122]

[123]

otpA 73 bl 89 A 9 9 ofu A A E 2 FIAd o] & Hyall 9
eobibAl 8 P9l o, Gt 73 a8 A 9] ofr| Ak M R
AR X 3ketd, SA pHol A 9] &4 FA 3 thald &3 2 I (aggregation
temperature, Tagg.)7} & 71¢t b= A A7 & vlg o2 obA g PH20R.TF 8.4
g o ok A o] FUFe Al 28 PH20 ol A L= ole] AHA S AT

952 sk

olof] upg}l . ukrd o] ul2 pH20 W o] A= oFA & PH20(A D H & 12] o} 1At
A g 7, st A sHAl = A s E oFA E PH209] ol 4t A E(AMEH S 19]
obu] At A A Foll A L36~S490% o] Fo W A A& 7)ol 21 of, T341A,
T341C, T341G, S343E, M345T, K349E, L353A, L3541, N356E 2 361TE T-4 H
ol A A el Sl o] ate] ofn| A Zhv] o] |3} ubekZ 5= T341A, T341C,
L3541 2 N356E=R 7-A4J ¥ ol Al Al sl o] 49 ofm| 4k Xh7] of ] 8H8
E3hab,

v} 9 /T 1 A o) st 4, R A A = LA
8 H-91(S347~C381) T/ = L} 73 Sap)A 8 918 21 (A333~R346),
U] S vl kA 8} A = T341~N363, T341~1361, L342~1361, $343~1361, 1344~1361,
M345~1361 == M345~N363°]| 3l @ &k= o} 1] Al Rl ol A slLt o] 49
ofu] Ak 7| 7F X 8hel A& 5 o =& g
8] - g ol & PH20 Mol A= 47| ok d PH20, vlgH2 8| = Ad <
oF A& PH202| &afu}Al 8 H91(S347~C381) B/ =, dupbAl 73} <hapg A
82l ¢4 -9 (A333~R346)7F HEHE 29] L& 71A] = Hyal1 9] th-3 5=
FAGE2E E3FR)9 o] eat A Fo] G ofm A V2 X $hE 42
AA 7

ole] F4 ¥ = AL ohLh,

E
=
A

J) &

A"
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[124] [3£2]

OFd3 Hyalle| Ofnjl it ME (MEHS 2)

MAAHLLPICALFLTLLDMAQGFRGPLLPNRPFTTVWNANTQWCLERHGVDVDVSVFDVWA
NPGQTFRGPDMTIFYSSQLGTYPYYTPTGEPVFGGLPQNASLIAHLARTFQDILAAIPAPDFS
GLAVIDWEAWRPRWAFNWDTKDIYRQRSRALVQAQHPDWPAPQVEAVAQDQFQGAAR
AWMAGTLQLGRALRPRGLWGFYGFPDCYNYDFLSPNYTGQCPSGIRAQNDQLGWLWGQ
SRALYPSIYMPAVLEGTGKSQMYVQHRVAEAFRVAVAAGDPNLPVLPYVQIFYDTTNHFLPL
DELEHSLGESAAQGAAGVVLWVSWENTRTKESCQAIKEYMDTTLGPFILNVTSGALLCSQAL
CSGHGRCVRRTSHPKALLLLNPASFSIQLTPGGGPLSLRGALSLEDQAQMAVEFKCRCYPG

WQAPWCERKSMW

[125] [3£3]

PH20T} Hyallo] Rappd o ofojwAt ME @

QI PH202| OfO[: At M E Hyallo| OfO|:At MY
mpM 1 P56~D65 N39~G48
ormipM 3 $119~M135 $101~1117
gapLpM 4 K161~N176 K144~H159
2ot 4 $180-R211 P163~R194
QmitiM 5 F239~5256 P222~5239
AmLpA 6 A274~D293 K257~G277
mLpM 7 $317~G332 P299~G314
Ui pM 8 $347~C381 T329~C363
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[126] Hop g o7 Bk o] wpE Al PH20 ¥ o] A iz o] o] HH -2 ofA] g
PH20, v 817 = A <5 ok A 3 PH20S] oFv| =4k A Hof] §lo], L3541
/HE= N356ES] ofv] =4t 7] o] X 3-8 2 35tetal,

[127])  F7F4 2 & T341 WA N363 Alol el A A Bl 3 o] o] %], 53] T341,
1342, S343, 1344, M345, 347, M348, K349, .352, 1.353, D355, E359, 1361 &
N363E T4 H wol| A A8 H shit o] o] f X ol A & o} 4k xb7] 9 2] 82
E3ek= Aol npE A sEA|RE, o] of] g ] = A ot}

[128] A}7] T341, 1342, S343, 1344, M345, S347, M348, K349, 1352, 1353, D355, E359,
1361 ® N363= A4 ol A AElg sfvt o] o] 2|0l A 9] ofn| Al X-7] 9

X 3H2 T341A, T341C, T341D, T341G, T3418S, L342W, S343E, 1344N, M345T,
S347T, M348K, K349E, L352Q, L353A, D355K, E359D, I361T % N363GZ 1A ¥
ol A A el shuf o] k<l Ao] Y& vk st x| RE, o] of] gHA ¥ = Sl
of .

[129]

[130] npek 251 A = B g of) u}E Al PH20 W o] A B3 o] o] A ¥H -2 M345T,
S347T, M348K, K349E, 1.352Q, L353A, L3541, D355K, N356E, E359D % I1361T<]
ol =4k 7] o] X 8HE 2 get= A& 5 02 51,

[131] F714 0 2 T341A, T341C, T341D, T341G, T341S, L342W, S343E, 344N 2
N363GE -4 ¥ woll A A shit o] 49 ofw] =il X7 o] %] $+& 35
A& EH o= T AR o] o] gHA E] = A& of )

[132]

[133] Ko} upghAl s A = ¥ g ol] whE 414 PH20 Hol A i o] o] dH &
T o2 AR oA AElE o] = st = QAR o] o)) A E = A

.
L.

A
olu}.

[134]

[135] (a) T341S, L342W, S343E, 1344N, M345T, S347T, M348K, K349E, L.352Q,

[136] L353A, L3541, D355K, N356E, E359D 2 1361T;

[137] (b) L342W, S343E, 1344N, M345T, S347T, M348K, K349E, L.352Q, L353A,

[138] L3541, D355K, N356E, E359D % 1361T;

[139] (c) M345T, S347T, M348K, K349E, 1.352Q, L353A, L3541, D355K, N356E,

E359D, I361T ¥ N363G;

[140] (d) T341G, L342W, S343E, [344N, M345T, S347T, M348K, K349E, L352Q,
L353A, L3541, D355K, N356E, E359D % 1361T;

[141] (e) T341A, L342W, S343E, 1344N, M345T, S347T, M348K, K349E, L.352Q,
L353A, L3541, D355K, N356E, E359D % 1361T;

[142] (hH T341C, L342W, S343E, 1344N, M345T, S347T, M348K, K349E, L.352Q,
L353A, L3541, D355K, N356E, E359D % 1361T;

[143] (g) T341D, L342W, S343E, [344N, M345T, S347T, M348K, K349E, L352Q,
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L353A, L3541, D355K, N356E, E359D % I361T;

[144]  (h) I344N, M345T, S347T, M348K, K349E, 1L352Q, L353A, L3541, D355K, N356E,
E359D ¥ 1361T; &

[145] (i) S343E, 344N, M345T, S347T, M348K, K349E, L352Q, L353A, L3541, D355K,
N356E, E359D % 1361T

[146]

[147] Bk of) 9o A, “§3477 3} 7ho] | 2 AF(one letter) 2] o}w] =4k 7]
ZAZE A 71 A E T8 I HT (o] i ofu] Ak A dof A2 7t
A e A o] of}r] .=t 2E7] & 9w gk

[148] of| & E0] “S347" 2 M AT 19 ofv| =4l A Hof| 9] 347HA] 9] %] of| A 2]
opu =4k k7] 7F M QS ¢fm] ghr)

[149] S “S347T = A G Z 19 347HA Al-lo] EFed ez X3k A9
ol m] gttt

k]

[150]
[151] Ll
olu| A
ofm] 2
[152]  E-wAA o)A «BFEZ X 3ro]gt 1] o] 4ke] ofu] wmAlS
! =

e = s e Ve £4
Kol
=

ol

of w}E PH20 WMol A 1= o] AHL EA ofu| w2k 27| 9 x| A,
A717h HEH o2 A5k WMol A i ole] AuEL Fitelis

14151

2

oft

2

[153]  “H.ZEH olu] Al X378 oju] Al 47| & §A}3E 248 7h= ofu] Al
A7 2 WA 7= A kol ot FAM S E 2 ofv| Ak 2] = 9
ZlgEokel A E o slen, & LA k. ol 5 T A7 S E 2
o mAk(el & Fo, BholAl, o271, B ~E H), A S E 2=
|52k & 501, ok vt 2 EQ, = 35, i ¥ A4 &2 =4
obv] w2k & 5 JHNOVwHV1l$ﬂﬂﬁﬁLEHEHEE%L
A zzHQl), BT A A S 2 ofu| mak(e] & Bof, b, W, F4
ol Al ZEH, S ek, viE 2. ai%xﬂﬂﬁlﬁ%ﬂ%&%
o Akl & &0, Edl S ‘ﬂ e, °1iwerﬁ) RYFS SHE 2=
ot :=Ah(el & 5o, El 24, Ad &etd, EHE, S| 2E ) e s
[154] & 2o PH20 ®lol A= BE4] oy iﬁ A g 2y eE Q3] 245

HA2 = leol ol

™

oln

~~
é

[155]

[156] gk ol whE PH20 ol A I o] & M &, E o] whE PH20
Hol x| iz o]o] AHz AAdA o7 FAs V|5 /= a5 7, 80%
3= 85% o, v A 8= 90% o) 3, ! = v ShAlE 95% ©14, 7HE
v A &A= 99% o] /2] ofn| At A E A S 7HA] = PH20 W o A =
olo] dAELE ¥ 3ali= o v 2 &4l H )
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[157]
[158] 2 o] upE PH20 ¥l ol A 1= o] 9] A HE-2 A 53 of A 3 PH20K.T}
A oA o] Frbat, vl A 3%

BHE YEH Y, Yozt E b A o] F7HERel
A of A Y PH20E. U F7FstA v #-AFSHA T

[159]

[160] S, A< oAl PH202] C-et 917 Ak g4 SAl o] FHASHE
Ao A A gl o}, B ouhgo] ulE pH20 Hol A E-& whla 13 Z=r1ek o
A F7EE Qdste] C-ddto] Ao Bslal A s E of A E P
S AV ARG a4 A S A el e, EEEE N- ko] ofn)
S7EA] A E o] & g 4 S-S fr A eho] N-wde] P41 27| EE 7}
d g g4 Ao £ o3 9es 3hS 1t

[161]

[162] olof whe} - g ol uhE PH20 W ol A| Hi= o] o] HH -2, oFA 3 PH209]
ehupi} Al 8 H-91(S347~C381) Z /=, ehupip A 73 e ublA 8ol 1A
21 (A333~R346)0l| A o] A3 ofu] Ak Z7] o] X33} &7, FrFA o 7 C-dvt
L/ = N-2ebol A o] AR ofu] stk 277 AAH AL 573 07 dHA| g o]
A == A& ot}

[163]

[164] gk S| A, B wb o] whE PH20 ol A iz olo] AH2, A EHE 19
ofH =4k A N-2 ek o] M1 W A] P42 A wroll A A8 H ol 1| A4k X-7] 9
oF, ulek A &1 A = 136, N37, F38, R39, A40, P41 TE3= P429] o}u] AL &7
oFell A o] dxto] dojif N-Eito| A o] o ofw| .4l Z47] 7F A A B A 1
/= C-HE9] V455 WA L509= A4 E ol A A el ofw] =4k 7] th =,
vl 2k Al &4 A 3= V455 W A S4908 A H ol A A el ofu) At A7) TS
7H4 vl R B} A 3= V455, €458, D461, C464, 1465, D466, A467, F468, K470, P471,
P472, M473, E474, T475, E476, PA78, 1480, Y482, A484, P486, T488 HE3= S4909]
ofn| Ak 27| Th el A o] Aol dojif C-dbwto A o N ofn| At 217 7}

& ER o7 Q)

[165]

[166]  A7] N-2Zehe] M1 W #] P42 A 5 Tho| 4] A el gl oln| AL 2-7] 9

o] dojyult)i= T2 N-2ehe] M1 U A 420l 4] A 8w

9] BRE ¢F o} .4t 27| 7HA| 7F Ak E of A A H Aok

L
N

[167] o = 01,L36 N37, F38, R39, A40, P41 B3= P429] o} 1] .= Ak 17 oFof A 9]
HAeto] Aot S, A4 HAH T 19 Lol MIHEE L36<] vz o
o] .2t 7] 91 T357hA], MIFE] N372] nER <k ol w] =2t 7] 91 L367}1A],
MI1FE F38<] up= ¢F ofw] =4k 7] 1 N377FA], M1+-E] R399] uf =2 <F
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opu| =2t Z7191 F38 7hA], MIFEE] A402] BEE oF o =2k 47191 R397FA,
M1 P419] upg oF opr] .4t 247191 A407hA4], M1+ P429] ut= ¢F
ofn| Ak ZH7] 91 P41I7HA] 7F A ik o] A A EH ATk A& o v gk

[168]

[169] 3k C-1 o] V455 A L509E A ol A A el o] AR 2]
tp2-of| A deto] dojyttli= T3-S C-2eke] V455 W A] L5090 A A1 el =
opu] =4k b7l o] vfE o5 ol At 7| E Ay o] A Tk
ofujolt},

[170]

[171] o| & S0, C-Heh2] V455, C458, D461, C464, 1465, D466, Ad67, F468, K470,
P471, P472, M473, E474, T475, E476, P478, 1480, Y482, A484, P486, T488 1=
S49098] ofn| Ak ZH7] thEel A o] o] dojythi= S 77 AT 19
2 Aol A A}7] V4SS, C458, D461, C464, 1465, D466, A467, F468, K470, P472,
M473, E474, T475, E476, P478, 1480, Y482, A484, P486, T488 TE3= S490 t}-2-
obn| Ak 27| R E diE of A A HA S-S o] gt

[172]

[173] vl g4 &A=, B ubg o] whE A 5F PH20 ol A 3= o)) AHLE AN
60 WA MAHZ 1159 ofv| A A= A E Jro| A Aed = A
A ¥ = A oy

[174] 7H4 vhE A s A =, 2 g ol whE Al PH20 ®lo] A H= o] o] A&
M5 999] O}HlL*P N E g 7HA = &4 S EH o Ft} Ay ALdH T 999
obu] ;A A D& zHi= AlF PH20 W o] A 3= T3418S, L342W, S343E, [344N, M345T,
S347T, M348K, K349E, L.352Q, L353A, L3541, D355K, N356E, E359D, 1361 T=
1571 o} Ak 7] & X 3hekar, N-2 ek e] F38 X17] Shell A A s, C-dt g
F468 x7] thgoll A Adte A& 54 0= gk,

[175]

[176] kg of] whE A A A A of o] A A 2HgE PH20 W o] Al o] A X $F B d ek
ofH] = A4ke] M A& 3% 1100 7| Al E vhe) ok

[177]

[178] L 9] 3225 FA b= 2ab7 2] ot e 1

¢H PH209] ar ilﬂjrjr o o]-7<4 Hg

uh7F glvk. A3 Aol A oF & PH209] 7435

F7] o] Ak 9] x|of whef g4 FAdo] HshE o=

PH204 22 %25 ol = 54 gy & vE

J A o 7 x| 3Ha}o] o]:/\gzsi PH20E.T} ¢FA4 A o]

= PH20 Bl ol A & A 28l aL, o] WMol A &2 A gl &t Al Qo]

T,‘:_LPET?JFQ] Al XHB.O] o]:/\gz‘si sz()err E}E

Aol FEglol dAS a4 S A+

mN

o\ r2
> ok

m Q
o & RomE o
3@
o
+
rie
i
of
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[179]
[180]

[181]

[182]

[183]
[184]

[185]

[186]

[187]

[188]

Hol A As 5=

ot

.

T A Q1 A Aol o] A, Al < oF AN E PH20 thH] &4 A3t & obd A o]
718k, B wkd o) w2 A 2.8 PH20 ¥ o] A &= o] 2] A2 oFAlE PH20,
vhsb2l sk A = A s oA E PH209] ol Ak A Dol §lof, T341A, T341C,
T341G, S343E, M345T, K349E, L353A, L3541, N356E 2 I361TE 74 H ol A
A8y sk o)A e] ofw] Ak xbv] 9] X 88 x gk, ehufuA 8
T91(S347~C381) /5=, G 73 dapbibad 89 A4 F-91(A333~R346)°]
| gk A ofn| Ato] ThE ofm| A4t o 2 X3 A& 53 07 gt}

TAA R Gahtd 83, drabdad 73 apuld 89 A 9 ol 4t
2] 3H-& T341~N363, T341~1361, L342~1361, $343~I361, [344~1361, M345~1361
= M345~N363 7-koll A o] A ofn] = AkE X 38 3k}

erapbrfd 83 a7 2 dabubad 89 1A 9 & 28 PH20
Hol Ao A - Ao a5 Lol 7] 93] 3712 PH20 ¥ o] A HMS,
HMI10 ¥ HM212 +3 o & A sl3l ).

HM6+ M345~N363 -1-3F9] o} v] =4k-E Hyall 9] ofv] At A d 2 %] 31&F
H o] A (DM T 10| A M345T, S347T, M348K, K349E, L352Q, L353A, L354L,
D355K, N356E, E359D, I361T°] X EHE, =714 ¢l c-dye AvkS L33
2i=(F, A S E ok E PH20 o] -t o] Al 27 71 $49091 ) -
g of] whE PH20 W ol A Foll A dabihad 8 -9 of, a7 2 et
8] 14 -9l 9] X ko] 7H A& Wol A o] AL,

HM10-2 L342~1361 -7-{+9] o} =4HS Hyall 9] o}v] =4k A D2 X gk
o)A (A DHE 1| A L342W, S343E, 1344N, M345T, S347T, M348K, K349E,
L.352Q, L353A, L3541, D355K, N356E, E359D, 1361T°] X3k =, A A] 372 <1
C-d Agh2 y3tebx] grom Bobrgof ufE PH20 F o] A Foll A A <%
oF A3 PH20T} frAFSE 34 EA S 7HA WA E b A o] 7HE =&

ol A o] A,

HM21-2 T341~1361 -7-3+9] o} =4HES Hyall 9] o}v] =4k A D2 X %hgk
H o] A (A LDH T 104 T341S, L342W, S343E, 1344N, M345T, S347T, M348K,
K349E, L352Q, L353A, L3541, D355K, N356E, E359D, I361T] X $F¥) g, o A|
F7HA ol c-tek Ak £ 9kt A] ok o pH 7.000 4 kA PH20K U} &4
g o] oF 21l =& oA ot}

Bukrd ol A A 2Fgk HM6 7] HE2] PH20 H o] A= N-2 ek 1360l A Ak a1,
C-Zrbo] F 40)| A ¢ 7o) 1465, F468, F=1= P471 th2-ol A A5t}
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[189] [3%4]

HM6E FH2=E xj|=ret C-TTH ETH PH20 HOH|

Variant Total length Substituted Number of Number of
region substituted amino truncated amino
acids acids
HM6 36~490 11 0
HM14 36~465 11 25
M345-~1361
HM15 36~468 11 22
HM18 36~471 11 19

[190]  HMI0 7| qke] PH20 W o]l A= 384 2 N-geto] F38 %b7] ol A Ak A,
C-Iehe 3 5004 9} 750] V455, C4578, D46, C464, 1465, D466, A467, F468,
K470, P472, M473, E474, T475, E476, P478, 1480, Y482, A484, P486, B += T488
7] v ol A Ak lv

[191]
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[192] [3%5]

HM102 FHO 2 wxtst C-Loh ML PH20 HO|K|

Variant  Total length Substituted Number of Number of
region substituted amino  truncated amino
acids acids
HM10 36~490 14 0
HM52 38~488 14 4
HM51 38~486 14 6
HM50 38~484 14 8
HM49 38~482 £342~1361 14 10
HM438 38~480 14 12
HM47 38~478 14 14
HM39 38~478 14 16

HM38 38~475 14 17
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[193]
HM37 38~474 14 18
HM36 38~473 14 13
HM35 38~472 14 20
HMI1S 38~470 14 22
HM20 38~468 14 24
HM45 38~467 i4 25
HM29 36~467 14 23
Hivi44 38~466 14 26
HM43 38~465 14 27
HM30 36~464 14 26
HM31 36~461 14 29
HM32 36~458 14 32
HM33 36~455 14 35
HP19 38~470 14 22
HP20 38~468 14 24

[194]  HMI0= FH & ¢ohibid 8 79 © Lot 73 okl 8 2 791 9
L342~1361 -3F2] opv] =4k X 3-8 ¥ 33l ar, N-2 o] F38 &b7] kel A
Ay a1, C-2 o] 1465, D466, A467, F468, K470, P472, M473, E474, T475, E476,
P478, 1480, Y482, A484, P486 L= T4880) Al A te Hol A 52 oo A H 0]
Bk of] whE PH20 Hol A &2 C-dde] A YA} JEglo]l dsd oy
PH203} f-AF3F B4 A4S ER ST

[195]

[196]  HM21 7|4Fe] PH20 W o] A 27)3= & 6ol A &} o] 352 o & N-Zyto] F38
Zb7] holl A At E] a1, 3 6ol A 9f o] C-E vk F468 Wiz K470 7] vl A
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[197]
[198]

[199]

[200]

[201]
[202]

[203]

Aty Sl
[3%6]
HM21E FHO 2 H=eh C-EEH ZE PH20 HHOjH|
Variant Total length Substituted Number of Number of
region substituted amino truncated amino
acids
acids
HM21 38~490 15 2
HP34 38~470 T341~1361 15 22
HP46 38~468 i5 24
A, A5 E oA E PH20E T 5.4 &4 o] oF i 2 HM21& T3 o=
dupb 8 R bl 73 dupbd 8 18 91 9] T341~1361 13t O}Uli
2| 8HE F3habar, N-ebo] F38 27| gholl A dvkw] o, C-detol F468 HEi= K470
thEoll A ded Wol A& C-Ed vk 9 x| o A glol HM219] -8 84
F42 §A5A T,
Frost & 9] §1-0 4 += PH209] C-#¢to] 4770) v 3] Fol A detE]o] ¢ &

uﬂ% C-eto] 477 thgoll A Aet® Wol Ao v]s] a4 2o 10%th =

Ul ALE AT S e A T elol e Aeks] A9
Ahglol i BAlol fAH STk o A= oblE PH20S| C-I g Ao ®
A3 Fa B 7o EAZ AT Aol elel7} 2,

o A ¢k A A ¢ ™ PH202] N-H et -9

2 daprtd 73 ok 8 A
TH(M345~I361)4 E‘Pr obu] =4t k7] & Hyall 9] o) -8 5] 5= %U‘ruréj 8§ F+9 %
obibA 73 dobbd 8 A A 9] ofn| Al V| B 2| gHeE HM6 W o] A
(AL 3 194 M345T, S347T, M348K, K349E, 1.352Q, L353A, L3541, D355K,
N356E, E359D, 136 1T= ] &5 a1, =714 Q1 C-det A2 3514 e )l A
N-2et Aok olu| i 2bo] g atE ol H 7] 98] HM6E 8 02 AT 19
opr] At A Fofl A L36 W1 #] v479] o}n| =4t 7] & ©] FRGPLLPNR &

2] 28] A, 136 WA A522] o} v At 7] 5 o] FRGPLLPNRPFTTV & | 85
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Hol A & A 2FeFith gt HM6E T8 S8 A AWM I 19 ofn] Ak A F o A
N-2Ho] N37, F38, R39, A40, P41, L= P42 Z7] 2] kol A A ts W o] 3] HM40,
HM 13, HM41, HM24, HM42 2 HM255 A 2Hst A th(F 7 3%).

[204]

[205] [37]

HM6 7|%Ho] N-LETH HEh ol

Variant  Total Substituted Number of Number of
length region substituted amino truncated amino
acids acids
HM6 36~490 11 0
HM40 37~430 11 1
HM13 38~480 11 2
HM41 39~490 M345~1361 11 3
HM24 40~450 11 4
HM42 41~430 11 5
HM25 42~490 11 6
HM17 L36~v47, 23
M345~1361
HM18 L36~A52, 28
M345~1361

A Ao =ads Bl a3 HM69] N-Z it
A52 T-3ke] ofu] = Ak-S- Hyall o] opn| =ik o 2 %] 3H5}5] -8
] = ExpiCHO A ol A & ¥ %] gro} N-heh o] whul 2l bk o) 5= g 83
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[207]
[208]  EERH, F wdol Mz PH20S] SR ALE FE B UF o S Al el A el
; A %3 PH20 Wl o

[209]

[210]
[211]

[212]
[213]

[214]

)

i =i A PP I P BT Sos e
ool wpe} I o} E S o A, B ko] w2 Al PH20 W o] A= M1 W A

T359] oAl 3 PH209] A& FE| =& tialste], 3714 & 2 N-dhe]] 3 8o

71 A8 vk} 28 A D 3 30 whE MATGSRTSLLLAFGLLCLPWLQEGSA 2]

ol Ak M-S = Qb A s 23 falo A5 FE =, IS 40 upE

MKWVTFISLLFLFSSAYSS] o}n] %=AF A8 zk= 017} & 3 okl §-7] 9

ANZE A, =AW 59 WS MAAHLLPICALFLTLLDMAQG <]

ol 1] A A D8 2= Q17 Hyall ] A& A =S ¥é8hat= AL EH o=

A gk, o] ol dHY = A2 o}t

7] “M1 W =] T359] oFA 3 PH209] A5 FE| =& g4l gho)= o v =
oAl % PH209| 21 & FE[ =9 A} = AR A A o] of ¥ PH209| A%
WE =9 V5= A st 495 v, 714 & =2 N-wko
A7 2a 5 A9 o & 50 N37, F38, R39, A40, P41 T=3= P42 77|
Qrof| A o] Ato] dojir} of A3 PH209] A5 FE| = 2F &4 714 Q1 N-dto]
Aol dojt A5 x sl o 2 AREH T

ool =it ME NEds
o7t MATGSRTSLLLAFGLLCLPWLQEGSA 3
ggz2E
o7 HH MKWVTFISLLFLFSSAYS 4
OF kd 0}
[ i
017} Hyall MAAHLLPICALFLTLLDMAQG 5

< TS vhE SR, & E el whE Al PH20 WOl A& st ¢
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[232]

[233]

[234]
[235]

[236]
[237]

A

Aotk B ko] e &5 AEE SRAE A EAE BY, 8T 5
Aol A SA R, oo FAH = AL

T . T

TAASRE P ol mE ST EE o, v e &~
A1 B € 2] ~(Bacillus subtilis), 2~ E 3] En}o] M| 2~ &+ (Streptomyces sp.),
T F 12 Z:(Pseudomonas sp.), X 2 H|-9-2~ 1] 2} 1 2] 2x(Proteus mirabilis) F =
2R 2 FF 2~ S(Staphylococcus sp.) 3 22 3l A2 4= Qi) S
ol ¥ 27 & 2 E(Aspergillus sp.) 7 -2 o, 3] X o} 32~ & 2] 2~(Pichia
pastoris), AF7F= ko] M| 2 A g 1] ] o]l (Saccharomyces cerevisiae),
F1 ZAMFE EA 22 2 (Schizosaccharomyces sp.) 2 7 2 2~ 3 2} 1 2} A(Neurospora
crassa)®} 2 A%, 7L BT el d A%, Bl s 0 B e o] A} e
e A= Ml s 2 8 A EY AT

EE A Eol Y ERE =R FHl e g ATk vtEAsHA =, dso] A%
M| 3£7(COS7: monkey kidney cells)A| 3£, NSO Al 3£, SP2/0, x}o] 1 2= 3 A~ F]
w4/~ (CHO: Chinese hamster ovary) A 3, W138, o1 & 31 ~E] 21 %(BHK: baby
hamster kidney)Al| 3%, MDCK, &% M| 35, HuT 78 A| 3£ Y HEK293 A| 3 59|
o]-§ 75 3tA| 7k o] o] g ¥ A eF=th. 53] uheA 8 A| = CHO Al E7F ALE-E

A7) S = A7 W = s R AT =
E @l 23 H(transfection) | T}, "H A FA" = "EWd I AA] 7] 7] 8] F
= 28 A E R A FAHDNA = RNA)S =905
AREE = oA 7 s 7, dE 5ol AVl GeH, dabds A,

u

DEAE-g A~ E ¢ Efl A3 ] = 2] £ 9 H(lipofection) & A8 &= o). &
vl of] w2 pH20 W o] A iz o]l o] AW wrA A 7] 7] 8] t}eks uka
sa/H e 23o] o] &5 = Qi) X dsrFrof A7kl vk HE R ol 5=

g ¥ = 212 ol YA ¥h SV40, & f-FEuko] 2] 22, oft nfo] 2] 2,
o} d) x--¢1 ¥+ vl-o] & 2~ (adeno-associated virus), A] E | Z- 2 vlo] gl A~ I
HEZvtol A2 E fFujf dd 24 A do] ZIET Al 5500 AFE S
4= 9l= 93l ¥ E] o)) = pET, pRSET, pBluescript, pGEX2T, pUCH B, col El,
pCR1, pBR322, pMB9 % o] & 2] 55 A ¢} o] t) &+ (Escherichia coli)ol A]
Aol = MdA Eef~n =, RP49) o] B} 52 S5 HI & 2h=
Z b = hgt107} Agtl 1, NM989 2} -2 vl 9- v} &gt 312 T} (phage lambda)
AR Al 5 3li= 9h4] DNA, R M137} debdl =4 @A 7k o] DNA
A of 2 7| el o} DNA 3A| 7F 3T a7 Al 3ol 88 U HE =
2°C Zefh~v|= 9 m19] frEAolt), 5 Al X 783 W E = pVLo41o] ),
_H‘;: tﬂ—né% e q_

i

it
=)

Aol M, SFAHEE wFsto] & Tl whE PH20
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2 A el 1. PH20 W o] #) A 2}

PH20 W ol A A 2+& 98 ok & PH202] cDNA (clone ID: hMU002604)Z
S AR A A& Y o) A T3 T oA PH20-S o} v =4t L364-E]
S4907H A & k& g} et} T3k a A o 4 WE-S-(polymerase chain reaction, ©] 3}
PCRo|2}al 3h& o] -&3le] PH209| A A& 533l pcDNA3.4-TOPO
vector2] Xho I} Not I Al gk & 4 Z}&] o] AFA SF T ExpiCHO Al 3 ol A 2]
A S 918 PH209] gk A& SE = Al QIZE A ST =2 12
Al = Qg Hyall 9] 21% FEE 5 3 E 2% FE =2 ARSIt}
HisTrap Z & o] -3 vhild A A E 93] PH20 cDNA 2| 3 ehol]] 6xHis-tag 2]
DNA Al & o] X &}A] 851 t). PH20 W o] A 2] ofw] x4k ] 3H-& PCR W &
o] &3} a1, o} | =4ke] X] 8+ &21-2 DNA sequencing S ©]-83F 31t

PH20 W ol A & F 2ol AF&-&F Zefo] | o 552 37 9o A ¥ of 2,
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ole] 414 A& 5 100] AelHo] gk,
[249]
[250] [3%9]

PH20 w#o|gjo] 22dof AIRS Zajo| 22

=zto|o
2E
1 2 3
cB4202 ALB-SP-Xho ALB-PH20-MR SPAM1-6H-Not
cB4203-HM1 | ALB-SP-Xho | PH20_M345-364-F SPAM1-6H-not
cB4203-HM2 | ALB-SP-Xho | PH20_Y365-1380-F | SPAM1-7H-not
cB4203-HM3 | ALB-SP-Xho | PH20_M345-1380-F | SPAM1-8H-not
cB4203-HM4 | ALB-SP-Xho B4203-HM4-F SPAM1-9H-not
cB4203-HM5 | ALB-SP-Xho B4203-HM5-F SPAM1-10H-not
cB4203-HM6 | ALB-SP-Xho PH20-G363N SPAM1-6H-not
cB4203-HM7 | ALB-SP-Xho PH20-G363N SPAM1-12H-not
cB4203-HM8 | ALB-SP-Xho cB4203-HM8-M SPAM1-13H-not
cB4203-HM9 | ALB-SP-Xho cB4203-HM3S-M SPAM1-14H-not
cB4203-HM10 | ALB-SP-Xho cB4203-HM10-M SPAM1-6H-Not
cB4203-HM11 | ALB-SP-Xho 4203-HM11 SPAM1-16H-not
cB4203-HM12 | ALB-SP-Xho 4203-HM12 SPAM1-17H-not
cB4203-HM13 | ALB-SP-Xho SASP-LN-del-R SPAM1-18H-not
cB4203-HM14 | ALB-SP-Xho - 1465-6H-not
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251 B4203-HM15 | ALB-SP-Xho - F468-6H-not
cB4203-HM16 | ALB-SP-Xho - P471-6H-not
cB4203-HM17 | ALB-SP-Xho |  PH20-HM17 | SPAMI-22H-not
cB4203-HM18 | ALB-SP-Xho |  PH20-HM18 | SPAMI-23H-not
CBA203-HM19 | ALB-SPXho |  SASP-IN-del-R KAT0-6H-not
CBA4003-HM19 | ALB-SP-xho K470-not
CB4203-HM20 | ALB-SP-Xho |  SASP-LN-del-R F463-6H-not
cB4003-HP20 ALB-SP-Xho F468-not
CB4203-HM21 | ALB-SP-Xho M21-mega-F SPAM1-6H-Not
cB4203-HM24 ALB-SP-Xho M24-R SPAMIL-6H-not
CB4203-HM25 | ALB-SP-Xho M25-R SPAM1-6H-not
cB4203-HM26 ALB-SP-Xho B4-HM2Z6 SPAMI-6H-not
CB4203-HM27 | ALB-SP-Xho B4-HM27 SPAM1-6H-not
CB4203-HM28 | ALB-SPXho B4-HM28 SPAM1-6H-not
CB4203-HM29 | ALB-SP-Xho B4-HM29
CBA4203-HM30 | ALB-SP-Xho B4-HM30
CB4203-HM31 | ALB-SP-Xho B4-HM31
CB4203-HM32 | ALB-SP-Xho B4-HM32
CB4203-HM33 | ALB-SP-Xho B4-m33
cB4003-HP34 | ALB-SP-Xho M21-mega-F K470-not
CBA4203-HM35 | ALB-SP-Xho |  SASP-IN-del-R P472-6H-no
CBA4003-HP35 | ALB-SP-Xho P472-not
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cB4203-HM36 | ALB-SP-Xho SASP-LN-del-R M473-6H-not
cB4003-HP36 | ALB-SP-Xho M473-not
cB4203-HM37 | ALB-SP-Xho SASP-LN-del-R E474-6H-not
¢B4003-HP37 | ALB-SP-Xho E474-not
cB4203-HM38 | ALB-SP-Xho SASP-LN-del-R T475-6H-not
cB4003-HP38 | ALB-SP-Xho T475-not
cB4203-HM39 | ALB-SP-Xho SASP-LN-del-R E476-6H-not
cB4003-HP39 | ALB-SP-Xho SASP-LN-del-R E476-not
cB4203-HM40 | ALB-SP-Xho M40-mega SPAM1-6H-Not
cB4203-HM41 | ALB-SP-Xho M4l-mega SPAM1-6H-Not
cB4203-HM42 | ALB-SP-Xho mé42-mega SPAM1-6H-not
cB4203-HM43 | ALB-SP-Xho 1465-6H-not
cB4203-HM44 | ALB-SP-Xho D466-6H-not
cB4203-HM45 | ALB-SP-Xho B4-HM29
cB4003-HP46 | ALB-SP-Xho F468-Not
cB4203-HM47 | ALB-SP-Xho P478-H-Not
cB4203-HM48 | ALB-SP-Xho 1480-H-Not
cB4203-HM49 | ALB-SP-Xho Y482-H-Not
cB4203-HM50 | ALB-SP-Xho A484-H-not
cB4203-HM51 | ALB-SP-Xho P486-H-not
cB4203-HM52 | ALB-SP-Xho SASP-LN-del-R T488-H-not
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PH20 HolH|o] 22d0] AHSSt Z2jo]H M

Mg
=ato|of BMAME (5> 3)
B
ALB-SP-Xho 6 GAA TAT CTC GAG GCC ACC ATG AAG TGG GTT ACA
CTA ATT GCG GCC GCT CAT TAG TGG TGA TGG TGA TGA T6G
SPAM1-6H-Not 7
AAG AAA CCA ATTCTG C
TAA CAG GAG GTG CTC TGA AAT TCA GAG AGT AAG CAG
ALB-PH20-MR 8
AGG AG
ATG GGG AAC CCT CAG TAT AAC AAG AAC CAA GGA ATC
PH20 _M345-
9 ATG TCA GGC CAT CAA GGA GTA TAT GGA CAC TAC ACT
P364-F
GGG GCC CTA CAT AAT CAA CGT CAC AC
ATG GAG ACT ATA CTG AAT CCT TTC ATC CTG AAC GTG ACC
PH20_Y365-
10 AGT GGG GCC CTT CTC TGC AGT CAA GCC CTG TGC CAG
1.380-F
GAG CAA GGA GTG TG
ATG GAC ACT ACA CTG GGG CCC TTC ATC CTG AAC GTG ACC
PH20 M345-
11 AGT GGG GCC CTT CTC TGC AGT CAA GCC CTG TGC CAG
L380-F*
GAG CAL GGA GTG TG
ACT GTT GCT CTG GGT GCT TCT GGA ATT GTA ATA TGG GTA
B4203-HMA4-F 12
AGC TGG GAA AAT ACA AGA ACC AAG GAA TCA TGT CA
AGC AAG GAG TGT GTA TAA GGA AAA CCA GCC ACC CAA
B4203-HM5-F 13
AAG ACT ATC TTC ACC TCA ACC CAG A
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[254] AGT ATA TGG ACA CTA CAC TGA ACC CCT ACA TAA TCA ACG
PH20-G363N 14
TCAC
ATT GTA ATA TGG GGA ACC CTC AGT AAT ACA AGA ACC
cB4203-HMB-M 15
AAG GAA TC
ATT GTA ATA TGG GGA ACC CTC GAA AAT ACA AGA ACC
cB4203-HM9-M 16
AAG GAA TC
cB4203- HM10- ATT GTA ATA TGG GGA ACC TGG GAA AAT ACA AGA ACC
17
M AAG GAA TC
ACA CTA CAC TGA ACC CCT TCA TAC TCA ACG TCA CCC TAG
4203-HM11 18
CAG CCA
ACA CTA CAC TGA ACC CCT TCA TAC TCA ACG TCA CCC TAT
4203-HM12 19
CAG GCA AAA TGT GTA GCC AAG TGC
SASP-LN-del-R 20 TAA CAG GAG GTG CTC TGA AAG AGT AAG CAG AGG AG
CTA ATT GCG GCC GCT CAT TAG TGG TGA TGG TGA TGA TGT
J465-6H-not 21
ATA CAG ACA CCA TCA GC
CTA ATT GCG GCC GCT CAT TAG TGG TGA TGG TGA TGA TGA
F468-6H-not 22
AAA GCA TCT ATA CAG ACA CC
CTA ATT GCG GCC GCT CAT TAG TGG TGA TGG TGA TGA TGA
P471-6H-not 23
GGT TTT AGA AAA GCA TCT ATAC
TCC AGG CCC AGA GGA AAG GCC GGT TGG GTA GCA AGG
PH20-HM17 24
GGC CCC TAA AAG AGT AAG CAG AGG AG
TCA CTT GGG GCA TTC CAG ACG GTG GTG AAG GGC CGG
PH20-HM18 25 TTG GGT AGC AAG GGG CCC CTA AAA GAG TAA GCA GAG
GAG
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[255] CTA ATT GCG GCC GCT CAT TAG TGG TGA TGG TGA TGA TGT
K470-not 26
TTT AGA AAA GCA TCT ATA C
CTA ATT GCG GCC GCT CAT TAA AAA GCA TCT ATA CAG ACA
F468-not 27
cC
M21-mega-F 28 AAT TGT AAT ATG GGG AAG CTG GGA AAA TAC AAG AA
Mz4-R 29 TGG AAT AAC AGG AGG TGC AGA GTA AGC AGA GGA GA
MZ25-R 30 TIT GGA ATA ACA GGA GAG TAA GCA GAG GAG A
AGT TTT GAA ATT CCT TTC TCT GGA TGA GCT GGA GCA CAG
B4-HM26 31
CCT GGG GGA GAG TGC GGC CCA GGG TGC TTC TGG AAT TG
B4-HM2Z27 32 ATG AGC TGG AGC ACA GCT TTG GGG AGA GTG CGG CCC AG
ATT CCT TTC TCA AGA TGA ACT TGA GCA CAG CTT TGG CGA
B4-HM28 33
AAC TGT TGC
CTA ATT GCG GCC GCT CAT TAG TGG TGA TGG TGA TGA TGA
B4-HM29 34
GCA TCT ATA CAG ACA CC
CTA ATT GCG GCC GCT CAT TAG TGG TGA TGG TGA TGA TGA
B4-HM30 35
CAG ACA CCA TCA GCA ATAC
CTA ATT GCG GCC GCT CAT TAG TGG TGA TGG TGA TGA TGA
B4-HM31 36
TCA GCA ATA CAC ACA TC
CTA ATT GCG GCC GCT CAT TAG TGG TGA TGG TGA TGA TGA
B4-HM32 37
CAC ACA TCA ACA GCA TC
CTA ATT GCG GCC GCT CAT TAG TGG TGA TGG TGA TGA TGA
B4- HM33 38
ACA GCA TCA GTG TCT TTT AC
P472-not 39 GTT ATA GCG GCC GCT CAT TAG GGA GGT TTT AGA AAA GCA
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[256] TC
GTT ATA GCG GCC GCT CAT TAC ATG GGA GGT TTT AGA AAA
M473-not 40
GCA TC
GTT ATA GCG GCC GCT CAT TAC TCC ATG GGA GGT TTT AGA
F474-not 41
AAA GC
GTT ATA GCG GCC GCT CAT TAT GTC TCC ATG GGA GGT TTT
T475-not 42
AG
M40-mega 43 TAA CAG GAG GTG CTC TGA AAT TAG AGT AAG CAG AGG AG
M41-mega 44 TGG AAT AAC AGG AGG TGC TCT AGA GTA AGC AGA GGA G
M42-mega 45 TTT GGA ATA ACA GGA GGA GAG TAA GCA GAG GAG
CTA ATT GCG GCC GCT CAT TAG TGG TGA TGG TGA TGA TGA
D466-6H-not 46
TCT ATA CAG ACA CCA TCA GC
GAT AAT GCG GCC GCT CAT TAG TGG TGA TGG TGA TGA TGA
P478-H-Not 47
GGT TCT TCT GTC TCC ATG GG
GAT AAT GCG GCC GCT CAT TAG TGG TGA TGG TGA TGA TGA
1480-H-Not 48
ATT TGA GGT TCT TCT GTC TCC
GAT AAT GCG GCC GCT CAT TAG TGG TGA TGG TGA TGA
Y482-H-Not 49
TGG TAG AAA ATT TGA GGT TCT TCT G
GAT AAT GCG GCC GCT CAT TAG TGG TGA TGG TGA TGA TGA
A484-H-not 50
GCA TTG TAG AAA ATT TGA GGT TC
GAT AAT GCG GCC GCT CAT TAG TGG TGA TGG TGA TGA
P486-H-not 51
TGG GGT GAA GCA TTG TAG AAA ATT TGA GG
GAT AAT GCG GCC GCT CAT TAG TGG TGA TGG TGA TGA TGT
T488-H-not 52
GTG GAG GGT GAA GCA TTG TAG
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[257]

[258]

[259]

[260]

[261]

CTA ATT GCG GCC GCT CAT TAG TGG TGA TGG TGA TGA TGT

K470-6H-not 53
TTT AGA AAA GCA TCT ATA C

GTT ATA GCG GCC GCT CAT TAG TGG TGA TGG TGA TGA TGG

P472-6H-not 54
GGA GGT TTT AGA AAA GCA TC

GTT ATA GCG GCC GCT CAT TAG TGG TGA TGG TGA TGA TGC

M473-6H-not 55
ATG GGA GGT TTT AGA AAA GCA TC

GTT ATA GCG GCC GCT CAT TAG TGG TGA TGG TGA TGA TGC

£474-6H-not 56
TCC ATG GGA GGT TTT AGA AAA GC

GTT ATA GCG GCC GCT CAT TAG TGG TGA TGG TGA TGA TGT

T475-6H-not 57
GTC TCC ATG GGA GGT TIT AG

GTT ATA GCG GCC GCT CAT TAG TGG TGA TGG TGA TGA TGT

E476-6H-not 58
TCT GTC TCC ATG GGA GG

F476-not 58 GTT ATA GCG GCC GCT CAT TAT TCT GTC TCC ATG GGA GG

A AT A kg A o] F7Fe PH20 W ol A& 3H& ¥ 6xHis-tage] gl=
A Bl 2= 5= PH20 ¥ o] A & cDNAE A 23} vt

ExpiCHO A| 3 9] M| 3247} 6x106/mL°] S wj of A & 4= W o] A PH20<]
cDNA7Z} pcDNA3.4-TOPO ¥ E o] 4} ¥ &2} 21| =2 ExpiFectamine CHO
ReagentE ©]-8-3}o] ExpiCHO Al 3£ & 55’ A=) Al 7T}, Al ) 2 ExpiCHO
Expression Medium (100~500 mL) % o] &3ttt A9 F ExpiCHO Al & F
6 7k 130 rpmell Al 1% vl Fatglom, o] 713k F<k 37 °Coll A 1Y nljFatar
-5 5 32°CE ¥FojA sUzk T H ATk vk o s ]10,000rpmo1w
303-7F A4 H-elste] Al Gl 3 31\*3}93\5}

ExpiCHO A 3ol A A4kl C-1db et 6xHis©| -2 oFA & 2 ¥ o] 4] PH202]
A 23 A2 AKTA prime 48] & ©]-8-31] HisTrap Z &, Q Sepharose 2 &,
Phenyl 2 & ¢] 3 @A 2 A A5t T

HisTrap A& o] 83 &+ul-d A A E ¢34 M3 A (20 mM sodium phosphate,
pH 7.5, 0.5 M NaCl)¢} ¥ 3 B (20 mM sodium phosphate, pH 7.5, 0.5 M NaCl, 0.5 M
imidazole)< A| 231 T, Wl A & HisTrap Z & of] A3HA] 7] a1, ]
£-0] A (non-specific)d} A A 3Hgk vl A5 A A&} 7] Y38 M AE 5 column
volume (CV) & 2] 531, conductivity 7} € 4 st A # A ¥ += A& &1 2 20%2]
H3 BE5CV &8 diads 8&a1qlh &5 % @2 & Dialysis buffer (20
mM sodium phosphate, pH 7.5, 50 mM NaCl) & ©|-8-3l¢] 5243}5] T}, Q Sepharose
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[262]

[263]

[264]

[265]

[266]

A& o] &3t dd HAAE ¢a A4 13 A (20 mM sodium phosphate, pH 7.5) <}
H 3| B (20 mM sodium phosphate, pH 7.5, 0.5 M NaCl) & A 23} v}, @hla 2 Q
Sepharose 7234 oﬂ ﬁ%L/\] —y I:H.TH AE5CV igq_zro] H Eo] A oa 73?'5L6L
GRS A A T, 0~100%2] F5% 7]&7] 2 ¥ BE 5CV F# ol g
&=

Phenyl A& & o] &% Tl A A & 9138 B A (20 mM sodium phosphate, pH
7.0, 1.5 M (NH4)2S04) ¢} 1 3 B (20 mM sodium phosphate, pH 7.0)& #l| 235} 31t}

e & Phenyl Aol A 73, B3 AE 5CV S2]50] 1| HojAow
Age @A S A S F, 0~100%9] 55 VSV 2 HH BESCV 359
il S g 25l T}

[6)

oFAY & 7} W o] 2] PH209] &4 €4 & turbidimetric assay 2} substrate-gel assay,
Morgan-Elson assay & ©]-&3}o] =73} t},

Turbidimetric assay+= 3] & F 24 SHERIBSA) 23 Al A ¥ = A&
FHEE ol g3t HA e Y o= PH209l o8 3] & FE Ao
Zhrae E R Rl 23 Al Fg T A g o] o F R Y ohA] PH20
(Sigma)Z 1,2, 5, 7.5, 10, 15, 20, 30, 50, 60 Unit/mL =] Al 3] 4] dlo] Z} & H o
TH| g A A A E-& enzyme diluent buffer (20 mM Tris-HCI, pH 7.0,
77 mM NaCl, 0.01% (w/v) bovine serum albumin)®l] &3} 3} o] 100X, 300X, 600X,
1200X, 2400X ¥ 7] 3] A1 3lo] 7} FH o] 0] gt} A 28 FH ol 3 mg/mLS!
s ekF R U ThA] &9 5571 0.3 mg/mL ¥ Al 104 3] Alste] 2} FH o 237}
180 w7} ¥ Al ghet. 3141 gF s A F 2 U thA] §Hol] A5 60 b FaL -Z st
37°Coll A 45%-3F RESA] 71T}, ¥Eb-g-o] 1} 96-well platel] -5 A 71 8.4 50
0%} acidic albumin solution 250 5 7} wellell ¥ 31 10%-3F &8k T 600
nm"ﬂ/\i Ao S 74] wch .%z% 61—14—

o 1-=
Substrate-gel assay+= T2 & 10% SDS gel (0.17 mg/mL 3] & FE4F 3 3h) o] A
1A17E 52F A 719452 8hat, 2.5% Triton X-100 (w/v)& o] &8 Al 4 °Cell A 2A] 7F

5 <F SDSE A A g}, ©] 2 50 mM sodium phosphate, pH 7.0, 150 mM NaCl
B o] A PH209] & 4 2521 37 °CollA] 1~4 A[ZF FF &4 ¥H3-8 331, 0.5%
Alcian Blue /\] Q_"t% o] ¢H }\1 D}—Bﬂ 741 0 oﬂ AN O}Oﬂ q_ ] o) = E/\]-er A GLO};(] ol O
Alcian Blue ] F-2 de-staining solutions- ©]-8-3}o] A A5} T}, Alcian Blue©l)
A A5 SDS gelo] ARIE A2 F, MEE G skl

whul Al o] o oFA A1 -S- dynamic light scattering(DLS) & ©] 83+ $- 3% 54,
Sypro-Orange dye & ©]-8-3}¢] real-time PCRO 4] Z 74 3 melting temperature (T,,),
EY Lol dA AHHR] T g4 BAS A= o

[e}
S48 DLSE o] 83 S 2% S92 ol Ak %lo&dfﬂﬂ%ﬁ
L}%ﬁﬂ&ﬂﬂ*ﬂEﬁEﬂ%gﬁﬁiﬁgiﬁ N2 o] ==3=H(T,,) Bt}
R o
- g o] Al A 2HgE PH20 W o] A|of| A 2] 8 H= A kgt o A4k e] A F &
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[268] Boubof] u} & W ol A Fol| A, C-Eebof 6xHis-tage] H#-2H¥ W o] A= HMO &
k9 a1, 6xHis-tag®] gl Ho| A= HPE "3l o, C-E o
6xHis-tag®] -2 A1 &5 ok A & PH20 (L36-S490)> WTE ™
6xHis-tag®] $1. ™A C- 2ol Y482 th2-oll A At A< H oFA 3 PH20
(L36~Y482)& HW2 & % 3} T}
[269]
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[270] [3E11]

= Ego] mE PH20 HOIN|2] ofojici MEI O N&H/EH 54

Mg
b Az Mg
s
LNFRAPPVIPNVPFLWAWNAPSEFCLGKFDEPLDM
SLFSFIGSPRINATGQGVTIFYVDRLGYYPYIDSITGV
TVNGGIPQKISLQDHLDKAKKDITFYMPVDNLGM
AVIDWEEWRPTWARNWKPKDVYKNRSIELVQQQ
M345T, S347T, M348K,
NVQLSLTEATEKAKQEFEKAGKDFLVETIKLGKLLRP
K349E, 13520, L353A,
NHLWGYYLFPDCYNHHYKKPGYN GSCFNVEIKRN
13541, D355K, N3S6E,
HML | g5 DDLSWLWNESTALYPSIYLNTQQSPVAATLYVRNR
E350D, I361T,
VREAIRVSKIPDAKSPLPVFAYTRIVFTDQVLKFLSQ
N363G 2 12 M
DELVYTFGETVALGASGIVIWGTLSITRTKESCQAIK
OHOl = M E AIESIHTE
EYMDTTLGPYINVTLAAKMCSQVLCQEQGVCIRK
NWNSSDYLHLNPDNFAIQLEKGGKFTVRGKPTLED
LEQFSEKFYCSCYSTLSCKEKADVKDTDAVDVCIAD
GVCIDAFLKPPMETEEPQIFYNASPSTLS
LNFRAPPVIPNVPFLWAWNAPSEFCLGKFDEPLDM
Y365F, 13671, 13715, | SLFSFIGSPRINATGQGVTIFYVDRLGYYPYIDSITGY
s A372G, K374L, M375L, | TVNGGIPQKISLQDHLDKAKKDITFYMPVDNLGM
61
V379A 2 7 M AVIDWEEWRPTWARNWKPKDVYKNRSIELVQQQ
oMl = AF2 A EHEHCH | NVQLSLTEATEKAKQEFEKAGKDFLVETIKLGKLLRP
NHLWGYYLFPDCYN HHYKKPGYN GSCFNVEIKRN
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DDLSWLWNESTALYPSIYLNTQQSPVAATLYVRNR
VREAIRVSKIPDAKSPLPVFAYTRIVFTDQULKFLSQ

DELVYTFGETVALGASGIVIWGTLSITRTKESCQAIKE
YMDTTLNPFILNVTSGALLCSQALCQEQGVCIRKN
WNSSDYLHLNPDNFAIQLEKGGKFTVRGKPTLEDL
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Agtstal, N-Z e
F38 TH7] 2L0jA
ZoiEn, C-2Et
A484 TH7] CHEOIAM

EEHEICH

FRAPPVIPNVPHLWAWNAPSEFCLGKFDEPLDMSL
FSFIGSPRINATGQGVTIFYVDRLGYYPYIDSITGVTV
NGGIPQKISLQDHIDKAKKDITFYMPVDNLGMAYI
DWEEWRPTWARNWKPKDVYKNRSIELVQQONY
QLSLTEATEKAKQEFEKAGKDFLVETIKLGKLLRPNH
LWGYYLFPDCYNHHYKKPGYNGSCFNVEIKRNDD
LSWIWNESTALYPSIYINTQQSPVAATIYWRNRVR
EAIRVSKIPDAKSPLPVFAYTRIVFTDQVLKFLSQDEL

VYTFGETVALGASGIVIWGTWENTRTKESCQAIKE

YMDTTUNPYINVTLAAKMCSQVICQEQGVCIRKN
WNSSDYLHINPDNFAIQLEKGGKFTVRGKPTLEDL
EQFSEXFYCSCYSTLSCKEKADVKDTDAVDVCIADG

VCIDAFLKPPMETEEPQIFYNA

HMS51

104

L342W, 5343k, 1344N;

FRAPPVIPNVPFLWAWNAPSEFCLGKFDEPLDMSL
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M345T, $347T, M348K,
K349E, 1352Q, 1353A,
13541, D355K, N3S6E,
E359D, I361TZ 147}
otol LAt ZH71E
X|zkstn, N-2 el
F38 Zt7] ¢olM
HCHE|, C-2H o)
P486 Xt7| CHEOfM

ZEEECH

FSFIGSPRINATGQGVTIFYVDRLGYYPYIDSITGVTV
NGGIPQKISLQDHLDKAKKDITFYMPVDNLGMAV]
DWEEWRPTWARNWKPKDVYKNRSIEIVQQONY
QLSLTEATEKAKQEFEKAGKDFLVETIKLGKLLRPNH
LWGYYLFPDCYNHHYKKPGYNGSCFNVEIKRNDD
LSWLWNESTALYPSIYINTQQSPVAATLYWRNRVR
EAIRVSKIPDAKSPLPVFAYTRIVFTDQVLKFLSQDEL

VYTFGETVALGASGIVIWG TWENTRTKESCQAIKE

YMBDTTINPYINVTLAAKMCSQVICQEQGVCIRKN
WNSSDYLHINPDNFAIQLEKGGKFTVRGKPTLEDL
EQFSEKFYCSCYSTLSCKEKADVKDTDAVDVCIADG

VCIDAFLKPPMETEEPQIFYNASP

HM52

105

L342W, S343E, 344N,
M345T, S347T, M348K,
K349E, 1352Q, 13534,
13541, D355K, N3S6E,
E359D, 136172 147|
OfOj:c Ab ZHT1E
X&sta, N-Z e
F38 Zt7] oo M
Hohg|nf, C-Z e

T488 ZH7| CHEOIM

FRAPPVIPNVPFLWAWNAPSEFCLGKFDEPLDMSL
FSFIGSPRINATGQGVTIFYVDRLGYYPYIDSITGVTV
NGGIPQKISLQDHLDKAKKDITFYMPVDNLGMAVI
DWEEWRPTWARNWKPKDVYKNRSIELVQQQNY
QLSLTEATEKAKQEFEKAGKDFLVETKLGKLLRPNH
LWGYYLFPDCYNHHYKKPGYNGSCFNVEIKRNDD
LSWLWNESTALYPSIYLNTQQSPVAATLYVRNRVR
EAIRVSKIPDAKSPLPVFAYTRIVFTDQVLKFLSQDEL
VYTFGETVALGASGIVIWG TWENTRTKESCQAIKE

YMDTTLNPYENVTLAAKMCSQVLICQEQGVCIRKN
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WNSSDYLHINPDNFAIQLEKGGKFTVRGKPTLEDL
EQFSEKFYCSCYSTLSCKEKADVKDTDAVDVCIADG

VCIDAFLKPPMETEEPQIFYNASPST

106

T341G, 1342W, S343E,
1344N, M345T, $347T,
M348K, K349E, 1352Q,
L353A, 13541 D355K,
N356E, E359D, I361T2
15742 ooji- At
I8 Nk,

orCto

z
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L36%H7]
QoM EEHEO,
C el 5490 ZH7

ChE0IM ZEHEICE

LNFRAPPVIPNVPFLWAWNAPSEFCLGKFDEPLDM
SLFSFIGSPRINATGQGVTIFYVDRLGYYPYIDSITGV
TVNGGIPQKISLQDHLDKAKKDITFYMPVDNLGM

AVIDWEEWRPTWARNWKPKDVYKNRSIELVQQQ
NVQLSLTEATEKAKQEFEKAGKDFLVETIKLGKLLRP
NHLWGYYLFPDCYNHHYKKPGYNGSCFNVEKRN
DDLSWLWNESTALYPSIYLNTQQSPVAATLYWRNR
VREAIRVSKIPDAKSPLPVFAYTRIVFTDQVLKFLSQ

DELVYTFGETVALGASGIVIWGGWENTRTKESCQ

AIKEYMDTTLNPYINVTLAAKMCSQVICQEQGVC
IRKNWN SSDYLHLNPDNFAIQLEKGGKFTVRGKPT
LEDLEQFSEKFYCSCYSTLSCKEKADVKDTDAVDVC

IADGVCIDAFLKPPMETEEPQIFYNASPSTLS

107

T341A, 1342W, S343E,
1344N, M345T, S347T,
M348K, K348E, 1352Q),
L353A, L3541, D355K,
N356E, £359D, I361TE

15742 OOk At

LNFRAPPVIPNVPFLWAWNAPSEFCLGKFDEPLDM
SLFSFIGSPRIMATGQGVTIFYWDRLGYYPYIDSITGV
TVNGGIPQKISLQDHLDKAKKDITFYMPVYDNLGM

AVIDWEEWRPTWARNWKPKDVYKNRSIELVQQQ
NVQLSLTEATEKAKQEFEKAGKDFLVETIKLGKLLRP

NHLWGYYLFPDCYNHHYKKPGYNGSCFNVEIKRN
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ea]

71E A

5k,

ok

6771
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NZEel L
UM ZEEH,
CEErel 5490 T

CrsoliAM ZEHEDH

DDLSWLWNESTALYPSIYLNTQQSPVAATLYWRNR
VREAIRVSKIPDAKSPLPVFAYTRIVFTDQVLKFLSQ
DELVYTFGETVALGASGIVIWGAWENTRTKESCQ
AIKEYMDTTLNPYINVTLAAKMCSQVLCQEQGVC
IRKNWNSSDYLHLNPDNFAIQLEKGGKFTVRGKPT
LEDLEQFSEKFYCSCYSTLSCKEKADVKDTDAVDVC

IADGVCIDAFLKPPMETEEPQIFYNASPSTLS

108

T341C, L342W, S343E,
1344N, M345T, S347T,
M348K, K349E, 1352Q,
L353A, L3541, D355K,
N356E, E350D, I361T2
1572 OfOjic it

718 A
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!

5k,
NZEr2] 136%H7
UOA B,
CEEhe] 5490 TH7|

a0l ZeECH

LNFRAPPVIPNVPFLWAWNAPSEFCLGKFDEPLDM
SLFSFIGSPRINATGQGVTIFYVDRLGYYPYIDSITGY
TVNGGIPQKISLQDHLDKAKKDITFYMPVDNLGM
AVIDWEEWRPTWARNWKPKDVYKNRSIELVQQQ
NVQLSLTEATEKAKQEFEKAGKDFLVETIKLGKLLRP
NHLWGYYLFPDCYNHHYKKPGYNGSCFNVEIKRN
DDLSWLWNESTALYPSIYLNTQQSPVAATLWRNR
VREAIRVSKIPDAKSPLPVFAYTRIVFTDQVLKFLSQ
DELVYTFGETVALGASGIVIWGCWENTRTKESCQA
IKEYMDTTLNPYINVTLAAKMC SQVLCQEQGVCI
RKNWNSSDYLHLNPDNFAIQLEKGGKFTVRGKPTL
EDLEQFSEKFYCSCYSTLSCKEKADVKDTDAVDVCI

ADGVCIDAFLKPPMETEEPQLO9IFYNASPSTLS

109

T341D, L342W, S343E,

344N, M345T, 53477,

LNFRAPPVIPNVPFLWAWNAPSEFCLGKFDEPLDM

SLFSFIGSPRINATGQGVTIFYVDRLGYYPYIDSITGY
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M348K, K349E, 1352G,
L3534, L3541, D355K,
N356E, E358D I361TE
157429 OOl At

71 Agrst
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¥
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22| 136717
QO EEHEOY,
CErel 5490 ZH7]

CHEolM ZErE D

TVNGGIPQKISLQDHLDKAKKDITFYMPVDNLGM
AVIDWEEWRPTWARNWKPKDVYKNRSIELVQQQ
NVQLSLTEATEKAKQEFEKAGKDFLVETIKLGKLLRP
NHLWGYYLFPDCYNHHYKKPGYNGSCFNVEKRN
DDLSWLWNESTALYPSIYLNTQQSPVAATLYWRNR
VREAIRVSKIPDAKSPLPVFAYTRIVFTDQVLKFLSQ

DELVYTFGETVALGASGNVIWGDWENTRTKESCQ

AIKEYMDTTLNPYINVTLAAKMCSQVLCQEQGVC
IRKNWNSSDYLHLNPDNFAIQLEKGGKFTVRGKPT
LEDLEQFSEKFYCSCYSTLSCKEKADVKDTDAVDVC

IADGVCIDAFLKPPMETEEPQIFYNASPSTLS

HP57

110

1344N, M345T, S347T,
M348K, K349E, 1352Q,
L353A, 13541, D355K,
N356E, E359D, 1361T2
12742} ofoji At
£7tg Xgshi,
NZE2] F38%7H7]
QoM EEHEDY
CUCHo| F468 A7

CHS0lA ZEHE D

FRAPPVIPNVPFLWAWNAPSEFCLGKFDEPLDMSL
FSFIGSPRINATGQGVTIFYVDRLGYYPYIDSITGVTV
NGGIPQKISLQDHLDKAKKDITFYMPVDNLGMAVI
DWEEWRPTWARNWKPKDVYKNRSIELVQQQNY
QLSLTEATEKAKQEFEKAGKDFLVETIKLGKLLRPNH
LWGYYLFPDCYNHHYKKPGYNGSCFNVEIKRNDD
LSWLWNESTALYPSIYLNTQQSPVAATLYVRNRVR
EAIRVSKIPDAKSPLPVFAYTRIVFTDQVLKFLSQDEL
VYTFGETVALGASGIVIWG TLSNTRTKESCQAIKEY
MDTTLNPYINVTLAAKMCSQVLCQEQGVCIRKN

WNSSDYLHINPDNFAIQLEKGGKFTVRGKPTLEDL
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[300] EQFSEKFYCSCYSTLSCKEKADVKDTDAVDVCIADG
VCIDAF

HP58 | 111 | S343E, I344N, M345T, | FRAPPVIPNVPFLWAWNAPSEFCLGKFDEPLDMSL

S347T, M348K, K349E, | FSFIGSPRINATGQGVTIFYVDRLGYYPYIDSITGVTV

1352Q, L353A, 13541, | NGGIPQKISLQDHIDKAKKDITFYMPVDNLGMAVI

D355K, N356E, E359D, | DWEEWRPTWARNWKPKDVYKNRSIELVQQQNY

136172 13742] QLSLTEATEKAKQEFEKAGKDFLVETIKLGKLLRPNH

OFOj:AF 7|2 | LWGYYLFPDCYNHHYKKPGYNGSCFNVEIKRNDD

X|ghstn, NZEte] | LSWLWNESTALYPSIYLINTQQSPVAATLYWRNRVR

F38%t7] Qol A EAIRVSKIPDAKSPLPVFAYTRIVFTDQVLKFLSQDEL

HOE|0f, CHERS] | VYTFGETVALGASGIVIWG TLENTRTKESCQAIKEY

F468 Zt7| CHSOIA | MDTTLNPYINVTLAAKMCSQVLCQEQGVCIRKN

eI WNSSDYLHLNPDNFAIQLEKGGKFTVRGKPTLEDL

EQFSEKFYCSCYSTLSCKEKADVKDTDAVDVCIADG
VCIDAF

HP59 | 112 | T341A, L342W, S343E, | FRAPPVIPNVPFLWAWNAPSEFCLGKFDEPLDMSL

1344N, M345T, S347T, | FSFIGSPRINATGQGVTIFYVDRLGYYPYIDSITGVTV

M348K, K349E, 1352Q, | NGGIPQKISLQDHLDKAKKDITFYMPVDNLGMAVI

L353A, 13541, D355K, | DWEEWRPTWARNWKPKDVYKNRSIELVQQQNV

N356E, E359D, 1361T2 | QLSLTEATEKAKQEFEKAGKDFLVETIKLGKLLRPNH

157§2] OfOji Al | LWGYYLFPDCYNHHYKKPGYNGSCFNVEIKRNDD

718 Kgstn, | LSWLWNESTALYPSIYINTQQSPVAATLYWRNRVR
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NZCHe] F38%t7] | EAIRVSKIPDAKSPLPVFAYTRIVFTDQVLKFLSQDEL
Qo M Hoiglm, | VYTFGETVALGASGIVIWGAWENTRTKESCQAIKE
CZTHO] F468 %t7] | YMDTTLNPYINVTLAAKMCSQVLCQEQGVCIRKN
Ch2 oM HEHECh | WNSSDYLHLNPDNFAIQLEKGGKFTVRGKPTLEDL
EQFSEKFYCSCYSTLSCKEKADVKDTDAVDVCIADG

VCIDAF
HP60 | 113 | T341G, L342W, $343E, | FRAPPVIPNVPFLWAWNAPSEFCLGKFDEPLDMSL
1344N, M345T, $347T, | FSFIGSPRINATGQGVTIFYVDRLGYYPYIDSITGVTV
M348K, K349E, 1352Q, | NGGIPQKISLQDHLDKAKKDITFYMPVDNLGMAVI
L353A, L3541, D355K, | DWEEWRPTWARNWKPKDVYKNRSIELVQQQNY
N356E, E359D, 1361T2 | QLSLTEATEKAKQEFEKAGKDFLVETIKLGKLLRPNH
15742] ofoj=Ab | LWGYYLFPDCYNHHYKKPGYNGSCFNVEIKRNDD
712 XEsta, | LSWLWNESTALYPSIYLINTQQSPVAATLWRNRVR
NZFCHe] F38%k7] | EAIRVSKIPDAKSPLPVFAYTRIVFTDQVLKFLSQDEL
QO M ECIEID, | VYTFGETVALGASGVIWGGWENTRTKESCQAIKE
CZCHe] F468 Zt7] | YMDTTUNPYINVTLAAKMCSQVICQEQGVCIRKN
CheollA ZEHEiCh | WNSSDYLHLNPDNFAIQLEKGGKFTVRGKPTLEDL
EQFSEKFYCSCYSTLSCKEKADVKDTDAVDVCIADG

VCIDAF
HP61 | 114 | A40G, T341S, L342W, | FRGPPVIPNVPFLWAWNAPSEFCLGKFDEPLDMSL
S343E, 1344N, M345T, | FSFIGSPRINATGQGVTIFYWDRLGYYPYIDSITGVTV
S347T, M348K, K349, | NGGIPQKISLQDHLDKAKKDITFYMPVDNLGMAVI
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[302] 13520 L353A, 13541 | DWEEWRPTWARNWKPKDVYKNRSIELVOQQONY
D355K, N356E, E359D, | QLSLTEATEKAKQEFEKAGKDFLVETIKLGKLLRPNH
B361T2 16742 LWGYYLFPDCYNHHYKKPGYNGSCFNVEIKRNDD
Of0{ & FI7IE LSWLWNESTALYPSIYLNTOQQSPVAATLYVRNRVR
Kjshsl, N2reke) EAIRVSKIPDAKSPLPVFAYTRIVFTDOQVLKFLSQDEL
F38%H7| QHOJA] VYTFGETVALGASGIVIWGSWENTRTKESCQAIKE
Herbgiy, (grho] YMDTTLNPYENVTLAAKMCSQVLCQEQGVCIRKN
F468 #7] THE0)AT | WNSSDYLHLNPDNFAIQLEKGGKFTVRGKPTLEDL
Hor=r) EQFSEKFYCSCYSTLSCKEKADVKDTDAVDVCADG
VCIDAF
[303] HPG2Z 115 PA2E HHBEL, FRGPPVIPNVPFLWAWNAPSEFCLGKFDEPLDMSL
T341S, L342W, 5343E, | FSHGSPRINATGQGVTIFYVDRLGYYPYIDSITGVTV
1344N, M345T7, §3477, | NGGIPQKISLODHLDKAKKDITFYMPVDNLGMAVE
M348K, K349E, 1352Q | DWEEWRPTWARNWKPKDVYKNRSIELVQQQNY
L353A, L3541 D355K | QLSLTEATEKAKQEFEKAGKDFLVETIKLGKLLRPNH
N356E, E359D0, I361T2 | LWGYYLFPDCYNHHYKKPGYNGSCFNVEIKRNDD
15742 ofojiAt | LSWLWNESTALYPSIYLNTQQSPVAATLYVRNRVR
A7|E K330, | EAIRVSKIPDAKSPLPVFAYTRIVFTDQVLKFLSQDEL
Cro] F387E7 ol | VYTFGETVALGASGIVIWGSWENTRTKESCQAIKE
=chsiqn, Cgchel | YMDTTLNPYINVTLAAKMCSQVLCQEQGVCIRKN
F468 %t7| CFRO|A | WNSSDYLHLNPDNFAIQLEKGGKFTVRGKPTLEDL
e<laaut EQFSEKFYCSCYSTLSCKEKADVKDTDAVDVCIADG
VCIDAF
[304] A Al o] 2. PH202] ¥ o] 2] HM13} HM62] A <}
[305]  PH209] o}v] Ak A & M345~N3632 <% 1B>ol] YERW A3} ko] vhuld
3abrx REo A dhabubal 8 - B ek 73k bkl 8 A el

a3}, dappA 89 ofu AR F 3518 L abubA 19 Ce0H o) Bl A S
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[306]

[307]

Y357 &abpd 79] F3159F 244 A5 288, N363-2 & utibal 19] D699}
FAATE FAste] A 83} o & 2A 2 5 b A B Al 7] AL Ylvh(=
1C).

PH209] &} 8 -9 & duprfd 73 L} 8 9178 -9l ol 9 x|
obn| = AhS X $hato] WTHTE G4 84 7 & b A o] =2 Hol A & A48}
18t M345~N363 =Ll A 1270 9] ofm| = 4k-E- %] gkgk W o] A HM 1 7}
Y365~V379 -7kl A 77 9] o} k8- 2] 38 HM2, M345~V379 -1-3k2]
obr] =4k 1970 & X 8H§F HM3 & 217t Al 2Fst Sl th. PH209] &3kt 8ol 91 %] g
olu] w2k F o] 83} Aol Bl dhi= C3513 A=Al A e zHgo ol
Y3578 2|3kt A] 9okl W ol A HM1, HM2, HM30 A %] $F&t o} n] -4k 9]
A8 F110)] FAH o] it} Mol A HM1, HM2, HM3 2] §-A=7F E3H4
pcDNA3.4-TOPO &} 21| = & ExpiCHO A ol & A< 3191S 1), o] A
HM - ExpiCHO A X ol A #-& 5] ¢ 31(I2 3A), ¥ o] ] HM29} HM3 & 38 5] X
gF okl vl by o) = g4 g4 St ol g 1 PH209 o g
3} A (Abcam, ab193009) & ©]-&3Fo] ¢l ~¥ 53 (Western blot) & 2 &=
ghol st t}. &4 9 epitope-S Q173~P222 F-7ko]t}. o] A& A= eruji}A 89
olu] Ak A F S0 A & W o] A HM2, HM3 A 2Fe]] AF&-3F Y365~V379 7-71¢]
ofu| Ak X $h2 vk A hzzo) A 7bek o 3RSzl dte] W ol A HM2, HM39]

A b o] ¥R ¢F2 Ao E o AT} Hol A HM1 oA 3 WTH.T}
FgFol 340 F Ut} (5 2). WMol HMI-2 N3632 =24l o7 %] 315} o]
wpbA 89 N3633 LubibAl 19 D69 Alol o] =4 AFe Al A% Aot} (&=
1C). N363% D69 Alo] o] =AA7NS st r] 98l HM1ol A G363
ol~utElxl o 2 x|+ ¥ o] A HM6E A 21319 th. ¥ o] 2] HM6ol A %] $-3t
ofr] Ak 3 119 A E ] 3l

H o] 2] HM6+= ExpiCHO Al| 3£ o] A & ¥ 91 0w & 5F-2 o] 2] HM1 7}
FrAFSFRA T (WTE. T 340 & &F B 2) (& 2). Turbidimetric assay ' S =2
B4 XS SAHFYS o) Aol A HM6e:= WTE.TF &4 g4 o) 1.34)
=718k T (5 3B). Substrate-gel assay+= U HH4] 2 = SDS-PAGE ¥ 2.5% Triton
X-100 (w/v)< o] &34l SDSE A 71 8FaL 37 °Coll A 1~4 AJ{F & 9F HE-S-31 A
8|4 FR2UTA 7} 3| ¢ F A4S 7R sl ot B =& Alcian blue 94 &

o] 83| 4 =4 gkt}. Substrate gelll A SDS7} A| 7] = ¥ b A o]

3 (refolding)©] B} 2 oLy substrateo] TA 3ol = S 4] =
o2 dHA vk wTel ol A HMI, HM69] f.4 &4 substrate-gel assay
H O & 37°Col A 1~4A1 3 5t 5438191 -S W HM6+:= WT 2 ol A
HMIE T =2 a4 A4S e AT (5 30). o] A 3k= Hol A HMI1
HM62] T2 A 3 (refolding) 2} ©] 2 {1¢F renaturation©] WTH. T} w21,

A 2Fe WMol A Eo] WTH T & &4 45 VeIt 28 A A 3t} PH20
244 & A5 FE = E o] &8-S w3= ExpiCHO A Eof| A vhuld 1] gko)

_

it

1Sl L

o

—_—

oZ W mi
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[308]

[309]

[310]
[311]
[312]

[313]

3= €17 Hyall o] A5 FlE =
& A8 = coM UrEM ﬁﬁ tro]l Mol A HM19] A& HE ==
Y 47 Q1 Hyall o A5 FEEE ARG SE ol vzl whg o]
T2 AT e = Afolof] 2 2Fo] = ¢l th. Substrate-gel

assay WHOE 4 A& SH4s9S o A RFANETHE =E 7
WT} QIZF &5 43l 1= Hyall 9] A& HE|=E 717 ol 4 HM1-2 pH 5~8
S YER T (5 3D). B @ o Al HM1 o] F-of] A %}t
C HE = QAP vl 2% HE =5 ARSI

WTe} #ol 2 HMI, HM62] & SFH A& 53 52 vl sk Zh2 46.5 °C,
53.0°C, 50.5 °CE W o| A HM13} HM62] 23 & 57 WTE.tF 27 6.5 °C¢} 4.0
°CH = (& 10). 225 54 ﬁTth substrate-gel assay©l| A L} EFll D}B“é]
refolding 2 ¢} A x| &t} o] A#5-2 dabrfAid 82] N363 7] 7} o] F
FAAG ol vl o] A AT ah dAe Fadk s 6;}%
A o8 A A G

£ %t Phenyl 2§ & o] 83t WTS} ¥ o] A HM1, HM62] A /A 54

e’}

E54& vustgl & o, HM13 HM6= B5 WTE.T T %lﬁ'%ﬂ A GEHE o
ol:= Wol A HM13 HM67F o] =4be] X8k o = Q13 WTH.t} t] 24
AA LS 7S A A gt 2= A7 Phenyl A H ol A &5 ¥ Hol A HM13}
HM6+= WT b= @] 270 9] 9 217F &£ 413 PNGase FE A 2]38191 S 5L 3

6=
P A UERASIL. o] = N-G8le] o] 4 apo] & ALt} (5 3E).

A Al o] 3. PH20 ¥ ©| A HM4, HM7, HM8, HM9, HM 10, HM11, HM122] A| 2}

A A o 20)| 4] W o] A HM 13 HM62] A 2F S 2 M345~N3633}F M345~1361
T-Zke] ofn| Ak X 8ko] PH20S| &4 A4 1 A P S BT ST AE
Gl F8F oA F XA S o] F A o= o] AT uhebA] W ol A HMI1 2}
HM6E 7[HFo &2 N-Zdha) C-dgh Whako 2 o] gy slo] F7h4 o=

WA, Wol 2 HM13} HM6o A %] 8+3t o} v| Ak Eghslal F714 0=
G340~1344 A}o] &) o}n] A8 G340V, T341S, L342W, S343E, I344N 2 & 2] 3} 3F
Hol A HM4, HM7-& 717} A 2t Ql o). ¥ o] Al HM49F HM70l 4] %] &gt
obn| ko]l A& F11o] FTAE o] STt W ol A HM42F HM7- ExpiCHO
Al 3Eoll A - B itk HM79l o 3k vl d A A A 2k = & 5AC] YERY 9l
HM4, HM7- ghui 2 w3 o] WTH U} 25 6.34) 718t o, S &%= 47
10 °C$} 11.5°C <735 o} “1 ¥ 2] T} turbidimetric assay "5 2. &2 =7 3+ HM49}
HM79] &4 B4 & WTe Bl wlsle] th ek 15%0) B389 th (& 5B).

Aubd o 7 g4 A3 A b A2 W Bk (trade-off) 2] THA 7} A HEEX| R, B
Hg o] A = W o] A HM13 HM60 A 5= §F %] 3tol] o]sfj A &= 54 242
A EHA A kg Al o] 71813 a1, W o) A HM49F HM7o A = 353 &
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[314]

[315]

[316]

[317]

[318]

L EDY

2
H o] A HM4, HM7° A4 YEl 11.5°C9] §32% SV vl$-
A o]t} Stern-Volmer ploto 2 iAol 2§48 ¥A]815] S o
b 83 1 AE F % g+3 HM 1, HM6, HM4, HM7-S =5 WTH.t}
T Aol HATh(E 11A). ol Aifi= w44 d A T A
T2 DA FALE T AIH S A A S

o] A HM6$} HM79] Z}o] A& G340~1344 Alo] 2] ofn] - Alo] T}, ® o] 7|
HM79] & b AA F7Fol] #hol b= ofn| mAhE ol B.7] 9] &l Hol A HM6E
71RO 2 1344N0o] x| &¥ HMS, $343 7} [344N©] %] 2kl HM9, L342W, S343E,
1344N°] %] 8- HM10, T341S, L342W, S343E % 1344N°] %] 3t HM21& 22}
A 23 ). ¥ o] A HMS, HM9, HM 10, HM21 0l A4 %] 313} o} u] wAle] A d -2
FE110) FAH o] ). #ol 4 HMS, HM9, HM10, HM21-2 ExpiCHO Al 3 ¢l A
e B ) (5 5A). WOl A HM6E 7 REe 2 ghapfd 89 N-whh ek o =2
344N, S343E, L342W Sl ¥ o] & w1852 W o] 7] HMS, HM9, HM102]
S5 7 742 52.5°C, 53 °C, 55.5 °CE Z7F3F Ul (5 10). L& %] 7k W o] 7]
HMS, HM9, HM 1001 4 = WT e} §-AH3F 8.4 &4 o] 5259t (&= 5B). 9]

A 1= W ol A HMS, HM9, HM 109 4] =] & o} n] x4k X Blo] g4 9] &
ﬂﬂﬂﬂ %*ﬂﬂﬁ&o?ﬁ%ﬁhﬁi%ﬁﬂbfuwigfﬂ%%%

Al gttt 18 A RF HM21-> HM10E.1 & Qb A o] 7HA31 3 A vF, pH 7.0°1 A
WTE T 21l =& 545 L EFW QT Substrate-gel assay©ll A 1 A {F &< WT 2}
ZF ol A Z 7 A7 v A S v &4 F4-S HM21 > HM10 > HM9 > HMS >
HM6 > WT<= 2 =2 Ve T (5 50).

Phenyl 2 & & o]-&3}o] ¥ o] A HM7, HMS, HM9, HM10, HM21& &4 &
2AFsE3lE o, °o] 5 PH20 ¥ ol Al 52 WTE U 1 e ﬁ%ﬂ o] 25 71544
dd ol A5-& AAIETE LA RE ofn] = A4F X3 9 X] o] 5= 9] 1.9] s E o]
=2 YehyeE S48 B (5 5D).

Hol A HM72] 7 §-ol &= o] A HM1, HM6<2} 72714 2 Phenyl Z & ol A
270 ¢] ¥ A2 ey 2F 79 FEj7E EAEE Al A gt

T o WE WTel ol A o] o] S dolr7] H3] 1A
%4 3}(Isoelectric focusing, ]38} IEFe}FaL &) 418 A A8k T} (5 5E). IEF
gelol| 4] WT<} ¥ o] 2] HM6, HM8-2 H| 528t o] & o4& H.o] 51, S343E
Z Aol 7} 3 ol A HM9, HM 10, HM21, HM7-& T AHAd (acidic)Z: 0. &2
o] &3 th. o] A= G340~1344 ALo] o] o} it 5 S344E x| Fhof| o] &
=R EAR] Qi o Qe vl of 5o el W7 dojhs Bl
] A HM6S 7] Hl o & oLerpd 8/] C-Zu mako og :@Lz}o}oq
X gkato] Mol A HM11, HM12E A 2+t g th. ¥ o) 4 HM113%
HM120]| A 2] 8kgk ofm] =4k e] A2 1 110 EAE o] gt ol A HML1+=
ExpiCHO Al| 30| A &l B QL o v} dh gl 5o of A3 WTR.U Yok o (5 2),

FgA F7hE AAd Rk Bl FaP A0 AL w g
o]

0
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[319]
[320]
[321]

[322]

[323]

[324]

[325]

¥ 0] 4 HM123= ExpiCHO Al S0l A 9+ 5] %] 99tk o] 4] HM11E WTsh
ulwste] 3299] 24-& el i (% 6B).

A Aol 4, N-ebo] AekE HM6 7| Hke] ¥ o] A A 2}

PH209] C-2et 9] i= PH202] L3} a4 Pl £ 23 93ts sl= 7oz
olu] ekl A JAITE, PH20S] N-2 et -] ofw] =4k o] o3& 2 e 4] gl A
2 Th PH209] N-bt 9] o] i=te] Aol g4 gAdof of i 3k
FEAE gdolr 7] Y8 HolA HM6E 7| HF e &2 N-Ztho] N37, F38, R39, A40,
P41, P420) A A ¢t¥ W o] A4 HM40, HM13, HM41, HM24, HM42 2 HM25%
A2 (F 11). 218 a1, F7FH 0 2 N-wgke] ofu| w2tof] M-S 713k
HP61, HP625 A| 25151t}

HM40, HM 13, HM41, HM24, HM42, HP61, HP62+= ExpiCHO A 3 of| A
A E o HM25+= A ¥ A S tH (= 7A R 5= 7B). N-2dho] A wh¥ PH20
Hol A &2 N ek Al 2Fshi= 9 x| of] wpe} g4 4] 9f 2ol & Ve AT
olu] Al 1~37] 7} A g W o] 2] HM40, HM13, HM41-2 53 21 HM69}
Hlusto] g4 g o] {-AFsEA| vE, ofv] A4k 9] 4~57) A ehE HM24 9} HM42+
2ol HM6 H.uh £ sl vh (5 70). L2 AR 670 o] ofn] =ite] d ke
HM25+ ExpiCHOO A &l o] A gf QbE| QL& Wk ol e} 84 E4 %35
Ulugl =2 ¢ A 3] shgkt) N-2etke] olu| kol 18-S 713 HP61 3} HP620! A =
a4 g A3 A4 2 Sl o Bl

Substrate-gel assay W (1A 7F ¥E-gy 0. 2 Ak N- ok Aok Wol A o] a4
242 HM40, HM 13, HM412] 29 =3 <l HM69] &4 24 3 A A =T,
HM24, HM423= HM62] &4 84 H ol 7430} (= 7D). 67 2] ofn] = Alko]
et HM25+= whill g gko] 2] o] F-A shA] o qith.

Phenyl Z & & o] &3] W o] ] HM40, HM 13, HM41, HM24, HM422] &4 &
B85S ), o] & Ho| A ES WTEL A A Ao fF5 0] 2154
A& Vel ik (5 7E). o] 41} ¥ o] A HM40, HM13, HM41, HM24,
HM420] W o] A HM6°l 7| vkato] A 2] 1 31 L36~A40 X7 o] 542 a1 &
o, HM69] 4 548 & J1 o2 o A X,

DLSE 78k N-th Avk Wol 4 o] 325 ofn mAlo] Al zfsl= 9] <
upe} Wol A 7ke] xpo] 7k vhEFWETH (X 7F). ¥ o] A HM40, HM 13, HM41, HM423+=
N-ho] Ay ¢l &0l &= 50°C o] 9] &3 2 %5 vER o] 53 <1 HM69]

E o] It E F Xt} 11 o A = HM403 HM423= HM6 H.t} 3~4°C &-&

SH2EE YEh o & ek A o] F7He A o2 AL T S PH202
N-Z et

of -z

ol A A g of | AkE | ghetgl & o vl e i g 4 2] o
&S <ol 7] 98 PH202] N-2et o} v =ik A 36~47
(LNFRAPPVIPNV)E- FRGPLLPNR & %] 3}+gF ¥ o] 2] HM 173} PH202] N-& ¢t
ojn] =2k A 36~52 (LNFRAPPVIPNVPFLWA)E FRGPLLPNRPFTTV &

] ] =
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[326]
[327]

[328]

[329]

[330]

[331]

[332]
[333]

[334]

2] gk&k W o] 4] HM18= A 2}t 3t} ¥ o] A HM179} HM 189l A ] £ &k

W A4kl 42 3 11e] A E o] Aot ¥ o] A HM173 HM 18> ExpiCHO
3 of A

s

Al ol A L F B A4 eh ke N-Eebol]l 91A1 8 570 ofv] Ak 7k A A v etk
ool bl ) g 4 208 Bl o) 36~47 HEa= 36~529) o] T B ofn] w2t
Mol A ehE @A el d & Tk A& A AR

A Al 4 5, PH202] C-2eto] Avtkx HM6 7| HFe] o] A HM 14, HM15, HM16
A 2}

PH209] C-ehe whuia dla]al § 4 Alo) o3 o= oA ¢l
i of] A = W o] A HM6S 7|80 &2 C-2heho] o} u| w22 ZH7) 1465, F468,
K471 4] A3k ¥ o] & HM14, HM 15, HM16S A 2519t ¥ o] 2] HM 14,

HM15, HM160]| 4 X $F&k o} n] = 2ko] A& 3 110f] A E o] gltt. Wol A
HM14, HM15, HM16-2 ExpiCHO A ol A 13 59l 0 v (5 gA), vhill A

& 20 HM16 > HM15 > HM 14 554 2 C-deh o] ofn] wmalo] Wol Avte 2
chal 2wk ko] 7HA4A ST (5 8A). ZLE X7 ¥ o] 2] HM14, HM15, HM162]
T4 FA L HMI6 > HM14 (=WT) > HMI15 <54 0] 1t 8B). Frost 5ol ¢4
PH202] C-"2&t 477-483 - 9] += soluble expression®l] & 2 &}31, C-Eeto]

C467° 4 Avte A9 g4 g4 C-Erto] 477-48390 4 A ¥t PH20

Hol o] ¥] 3] 10%0°l E2&ta1, C-ddo] 467H. T} ol A det=E H§- a ik
Aol gladrt 2 X gk B g o A A 2}k C-ddo] Ak Hol A(HM 14,
HM15, HM16)E-> ¥ o] A HM6E 7| WS =2 A 2}l o] M345~1361 -1-7H2]

obu| Ak X gk o = <l s vl 3 3lo] Frbekar, o &2 e A H Al o]
ZF7FeFg 7] wj o) C-2 vk o] 1465, F468, P471 thS-ol A AvtE vl gl 5 WTS}
A Aol FARSEA A, A A g a4 EAd Y] A= glsloh

WT<} ¥ol A HM14, HM15, HM169] 1% /94 & of A ofnjo] =& o] -3t
&) 33 quenching & 2 ZA}8}SITH 11B). H o] A HM14, HM15, HM16-2 5.5
WTEC 271 -89 o). ] Ait= HolA HM6E 7|§Ee 2 A 2bglk C-d et
At WolA o] Aol 2 FAAAE FHEE S 5 Aok

Turbidimetric assay %'H © ?-_ =43 Mol A HM14, HM15, HM162] &4
24 -& substrate-gel assay©l] A4 &= 215 ‘}iE}(E 8C).

Phenyl 298 o] -§3ato] C-dwto] Aty WolA o] E4-8 W48t
Mol A HM14, HM15, HM16-2 5.5 WTEE} WA gZx o] J4=A]
LR H o] A & Alo] o] =4S ¥ o] A HM16 > HM14 > HM15
8D).

32

o,
o

T

KeN
=

oleh(s:

M

A Ao 6. N-E3} C-bed opv] Ak A2 X 3H3= HM 10 7] HHe] Ho] F
HM 19, HM20 A 2}.
B oo A A 2HsE PH20 W o] A &S HM6E 7| §E O & 3131 G340~13442]
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[335]
[336]
[337]

[338]

[339]

[340]

[341]
[342]
[343]

[344]

[345]

opn| Ak F=71 x| g HMS, HM9, HM10©] WTE.t} w2 uk-& 2f :cizi %‘MJ,
A ot Al WHol| A 923k Al 52 H.t}. HMS, HM9, HM10 S-oll A &
A kA o] =2 HMI0E 7] HE o 2 N-Eeto] F3gol| A At a1, C-do] K470
= F4680 A1 AetEl ol A HM19%} HM202 Al 231 St HM 192} HM20-2
5.5 ExpiCHO A ¥l A & ¥ 9151, HisTrap 2 H & ©]-&3to] A A ¥ Avh(=
9A). Turbidimetric assay " H 0.2 G4 A4S 54313 S w, HM199} HM20->
WTET 10% =2 84 84 ‘/}E]'LH I THX= 9B). Substrate-gel assay ©ll 4] 5=

HM 199} HM20-& WTHE T} =& &2 348 eR 9 uh(3 90).

o ol
b
e
o
LT

A Al 7. HM10 7] HEe] PH20 W ol A &4 ¥4

HM10 7| 1ke] c-dbet Aetk H ol A &2 c-dke] ol 7} ghol A 425 ExpiCHO
Al ol A wE BFo] 748k A &S B o, Cc-ideke] o) 7t Cd64 o] 3H

$- 93 B X T} (X 12). C464% C4373 o) &3} A7 g Alse] vrlA

?Z frx el S 88h7] Wit vkEA] o g st

C-to] 46400 4 k¥ At 1= o] -2 75~ ExpiCHOCN A & o] =] ]
B=AE FR1st7] 98l Western blot 2 3-8 3F¢lth. &= 133 #o] HM30, HM31,
HM32, HM33 ¥ o] A = Western blotol] A B ] =] &gkt

Turbidimetric assay W &2 A3 HM10 7| HEe] C-det Aotk Hol A o] g4
& 14A9 & 14Bol| YERY T} c-d et A W ol A &2 WTH H] a3} o]
+20%2] &4 FAS YERHATE C-tdo] 1480 o] Fo| A HytE A9 a4
A8 AukA o & Z71stgl o). 18] a1 HM199F HM209) A 6xHis-tagS Al 71 §F
Hol A1 HP199} HP20<> 6xHis-tag®] & W B} &4 &4 o] 72} 23%, 9.6%

Ak A S 2 e 6His-tage] G4 S0 S = A 02 AR HT
Substrate-gel assay W 2 HMI10 7| HEe] C-det At WHol AHof tgh a4
XS =439S v o] HOAES WT Rt} 2 a4 34

LER S o, 523 91 HM102] &4 EAl 3 f-ALste] c-idbg Aol o uf
zpol = AA LU} (5 140).

it

2 Al ¢l 8. HM21 7] RFS] PH20 Bl o] A 54 #-4]

wo| A HP343= 4 @A) o] AL 713 AASHG AL (5 15A), HP46L 3 ¥4 2]
Ad S 712 QA8 T} (5 15B). HP349} HP462] A 4bak2 717} 1.73 mg/Le}
25.6 mg/L°] 91t} HP349} HP46-2 6xHis-tag®] §13= W o] A & 6xHis-tage] 3=
Hol A E0= GA Ao def vz o] S vl alsh= 512 o] fH

Turbidimetric assay°l| 4] HP34%} HP462] €40 Z+7} 45.6 U/ug ) 47.2 Ulug &=
WT Bt} of 21 =2 242 B3ler, 591 HM21 U5 T e 10% 4 5
2 o] F7FsEATE (5 16A).

Morgan-Elson assayfi-_ 7+ o] A 9] kineticsE =4 3t] = 16Bol] Ve SIT)
HP34 %} HP46 1| &8 (keo/Ky) ©FA & HW2 K. U} 1.7~21]] 39} specific
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[346]

[347]

[348]

[349]
[350]
[351]

activity 7} WT Bt} 35-& 2 7} 9} 45 gt} Michaelis (K, & °l &
HW2 K.t} stol 7] A o] th gt 23} 57) S-7Hek 2l o5 AR ) o] A& = H
HM21, HP34, HP46 HﬂO] A= %

AdEZ v s a8 g 52
54 T341 xﬂﬂ o= A ggk matolth. 3410 HAF EY o
=4, of 2T R EAL T ofn| At o 7 3
A= A s oSS T Uk

DLSE =73 HP34%} HP462] 53251 22} 51.5°C9} 51
F o HM213 FrAFstl o, HW2 ®of thef 5°C & & ?_W A&
UEF T} (X 17A). Substrate-gel assay = 27@ 3k ¥ o] 4] HP349] 412 HP20 %}
FAFSHAl YERE B, HP46-> HP20 Bt} 52 a4 84 & YEhdlo] 8o =
HM10 2.t} HM212] gela 53] o] ¢ 401% HO = o] AZIT) (& 17B).

oA & HW2¢} W o] A HP46Z pH 7.03 pH 3.0 Z 710l A 354 HoF whx] 3t
< substrate-gel assay 2 8.4 242 B30} 9] S u] HP46+ pH 7.0 ¥ 9k o}y &}
pH 3.001 4 & & 4] & LR o] Hojd b A& Kol F3lth (& 170).

HM53, HM54, HM55, HM56, HP59, HP60-> HM21 7| Hke] Wol | 5= 341
A= o] opn| wAtoll thal WMol 5 zha1 QL= W o] A o]t} 341 9 %] 2]
ofn| = Ako] ol ol whef 1 Lo Aol Thekgk JEkE v A= As
gelstelt) (= 17D, = 17E).

A AT e] 9. PH20 ¥ o] A 9] in vitro H & 914 ¥4

A} ST B Ol H S 2 RAFES 2 nho] Q.o ofE-2 QLAY
So7h2 ) o walH e WurgS Qo SRS 7Ha gk 2 ¥
vol 9. B o] 23 ek, 3xk7 el A Aol Q13 w1 nhe) 45 2o

(@]

ol &l Rb&o A= ﬂ‘ﬂ‘ﬂ'/] A<l
FAE2 4 7] (epitope)= Al
At o] gk HARES-2 oF =0 tf gt g} A (anti-drug antibody: ADA)E
AN = 9le, o] 2] gk vh-g-of 23] QF% Trf_L”g A A1 7171 ‘/P, oF =l

o gk Rl ;

Atk of=oll ek A3 whepA] 1k Al joll A o] Aafol] daFE m A
Ao, A7I1ZE ARG Sl gk o] whgE f st ¢ ATk o] g WY
whgoll= o e 714 alEo] Y& v H 5 A=, GE X}iﬂ‘/} 2o
5ol A vbg = Fof uhl o]} 7l 7l 1] hxte] & Q. Qle o & fikE
UL oF& ApA o] o g 8. Q10 = 1= nlo] @ of oFF-of QLAWY HElo] =99
f-AHH] H-AFA, posttranslational modification, <&, A A, AP 2] &4

5ol stk A} AR Qlel whE gl e 2= Aoy, J88tal Q= B
o} = 3}2] W54, HLA (human leukocyte antigen) type®ll W2 - Q

o]
AR
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[352]  oldg g vEZS Hukgo A4 Al HAlglel A ARGV E

[353]
[354]
[355]

[356]

121 3F= CD4+ T cello| Y CD8+ T cellel] & F ). 7l 7 <lol 3l o] A<
HLA class IT -7 2} th 4] o 320l CD4+ T cell®] &2 7]= 7 7 11Tl
zpo] 74 Qlar, whet A 747}5& 7152l o &l AlgE 747t & A CD4+ T
cello| A &f ulo] @ of&rof ¥h-3-/Ad-2 oA ol A AL 4= 2= e vhad &
Frbsk=dl oA vl - F ek Av]FEo] = 4= vt CD4+ T cell
S}l A| A] M| 3E (antigen presenting cell; APC)7}F AH4l 2] 113 MHC(major
histocompatibility complex)E &3l A Al H & -& <12 sto] A shx o),
24 3L CD4+ T cell> Ao 71018 Wh&3lo] 2 M £, MIE5A] T Al 3%, B
AEE BTN A, A2 02 A 7F Fol BAHE =S gt o] ehi= e
CDS8+ T cellS 2 5 A Q1 A x5S 71X a1 1o glof] 7Hel ¥ M|,
*”ﬂ AY A 71%5& FA T AEE 25 A A% CD8+ T cell < T xﬂ

SAE 7HA AL 9lof, BE Al ] 3l 91813 MHC #-4tel] & 9+
55 o] feto| =5 1A ¢ Ut CD8+ T cellS H=gh &1 A A Al 3o
olaf A AAE FAE A4 ste] st = glow, o] 3 A 3= CD4+ T
cell®] Aol ET}RIe] U5 Fx1d ==
CD4+ T cell®} CD8+ T cello] 243}
T A g YA vhg& oS3 = qdvk & A Aol A = PBMCEYH CD4+ T
cellZ} CD8+ T cell- & ¥-2] ¢t &, th = =2 <1 PH203 PH20® ©] 4| (HP46)E Z}7}

1.5 ng/mL} 15 ng/mLE A 2] §F 5, 4 3} CD4+ T cell#} CD8+ T cell ]

(o

Ao} ek in vitrool| A Al vlo] 2 &4 9]
A

T2 A5t o 2 Ao A o A ke

Z8ta A AT 2 Teell®] 43 AE = Stlrnulatmg Index & ]9“3}04
A3 21, Stimulating Index (SD)+= o} 2 ¢} o] o] fr}. SI glo] 2 o] <]
F-oll ol A FEell A 248 E vk dek e 5= gl

Stimulating Index (SI) = (A GA & E A 2] T2 Tcell 48 5%)/

(vehicle #] & 3?—9] T cell 843} %)

H ol A Hh-E-& HLA type©l] whet gepd o 9lom, wheba| Ho) thetdk HLA
type©l| A1 2] H]'*O‘— ZA437] A&l A e 10 2 healthy donor 25 &
PBMCel| A 2] 8 T cell2 ol -8-3to] 523331t} A& 107] PBMCS| HLA
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[357]

[358]

[359]

[360]

[361]

[3%12]
g AEE PBMCO| HLA type

No
HIA A HLAB HLA C1 DRB1 DQB1 DPB1

1 | 0206 3303 | 3501 | 5801 | 0302 | 0801 | 1405 | 1501 | 0303 | 0602 | 0201 | 0301

2 | 02011 0207 | 4601 | 5101 | 01062 | 1502 | 0803 | 1101 | 0301 | 0601 | 0201 | 0202

3 102061 3101 | 1501 | 3501 | 0304 | 0401 | 0803 | 0901 | 0303 | 0601 | 0201 | 0501

4 10101} 3101 | 1501 | 1517 | 0303 | 0701 | 1302 | 1501 | 0602 | 0604 | 0401 | 0501

5 | 0201 3101 | 5101 | 6701 | 0702 | 1402 | 0401 | 0403 | 0301 | 0302 | 0201 | 0401

6 | 0201 1101 ; 1501 | 3901 | 0401 | 0702 | 0102 | 0901 | 0402 | 0501 | 0101 | 1401

7 | 0201 | 0206 | 4002 | 5502 | 0102 | 0304 | 0302 | 1454 | 0302 | 0502 | 0402 | 0501

8 | 0201 0201 | 1501 | 4001 | 0303 | 0304 | 0802 | 1406 | 0301 | 0302 | 0501 | 1301

9 | 1101 | 2402 | 4006 | 5101 | 0801 | 1502 | 0701 | 0901 | 0202 { 0303 | 0201 | 1301

10 | 2602 | 3101 | 4002 | 5101 | 0304 | 1502 | 0405 | 1501 | 0401 | 0602 | 0201 | 0501

PH203} PH20 o] A o] A 2] CD4+2} CD8+ T cell®] BAI3I % =4 A= &
130 A" A} At} CD4+3} CD8+ Teelld] FA4 3w A A1 S B,
PH207} PH20 ¥ o] A 25, A3l 57} vl 4] vh& = 0 5 shebE vl PH20 2
735,270 9] A 3o A CD4+ T cell®] &3} 72 o] o= SAHE RO,
PH20® o] A 2] 74 9-= CD4+ T cell®] 4 3171 S4B %] 23t} CD8+ T cell 2
73-5-3= PH20o A 171 9] A& el A 2317 54 5 9L.em, PH20H o] A <]
A5 1o Ado A 2487 SAHE AT L PH209] A F-E 1.5
ng/mL¥} 15 ng/mL 2ol 4] SIgko] 2 o] o2 A ¥ ¢l o1} PH20W o] A 2]
A5+ 1.5 ng/mLoll A 9] 2 o] 3F2] S14)o], 15 ng/mLol A= 2 o] /32 SI 49|
ZREYTHE 18 D ¥ 19 F%).

et A BHE 5o A= CD8+ T cell®] B4 315 7F PH20® o] A o] A = W&
Ao = #zhE | PH20W o] Aol ¥] 3 PH20°) A 2] CD8+ T cell®] &4 3} 57}
T2 o® AuET) o} g2 Ao A EE = AEL,

1) PH203% PH20 o] 4| 2] CD4+ T cell 2 CD8+ T cell®] &4 3} 57} H] 1l 4|
st o

2) PH201X.t} PH20™ o] A ol 4] & CD4+ T cell#} CD8+ T cell®] &4 3} 7154 o]
wko 7o 7 yeky
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[362] o] 9} 42 Aol A PH20® o] Al o] ql ol A o] w14 wha-& fbed
7Fe/dZ PH20E. T w& Ao 2 o H
[363]
[364] [3%13]
In vitro HYEAE F A (immunogenicity assay) 2125 H Z3HE
A2 QI A(Stimulating Index (SI))
cp4 D8
PBMC PH208 01X PH20E 01K
PH20 (ng/ml) PH20 (ng/mb)
No. (ng/mb) (ng/mbL)
15 15 15 i5 15 15 15 i5
1 103 0858 0.728 1176 138 142 122 160
2 1.05 0.09 0.5586 0.922 1.20 111 1.00 107
3 180 144 156 112 143 131 159 135
4 2.51 2,78 0.788 182 128 180 0579 0974
5 1.27 147 1.09 114 0,957 0.932 0.972 102
6 0.825 0834 0.993 0.946 0.8904 113 109 0.886
7 2.07 2.07 143 1.90 2.08 2.34 130 2.46
8 0.898 1079 0.967 0.822 0926 1.06 0.856 0813
g 0.882 0957 0.895 0841 0.853 0.993 0950 1.09
10 0983 0970 112 113 115 1.08 115 124
[365]
A ol 8 7Hs 4
[366] - ol whE PH20 ol A = o] o] AHE-S A< kAl ¥ PH207}
H| 3130 ExpiCHO Al ol A 2l ¥ Q2 off whuid whal gko] F-7135E9) o,
il S 4~115°C 5 FTeke], & A A S THAHA =g
Eadew A 5 ol ant o
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[ 1] AT 19 L& 2H= ok E PH209 9
T341A, T341C, T341G, S343E, M345T, K349E, L353A, L3541, N356E %
1361TE T H vol| A A8 H spt o] 9] ofn] =4l 7] o] A &h-&
F8tEl= AL ER O 2 FFi= PH20 WHol A = olo] AH,
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Hol A Ei= oo 4.
[%d -3 3] Al1ghol oA, AEHE 19 oA E PH20S] L upifid 9] W/EE 1
AAFE9 ol B k= Tl ol A Bt o] o] o] mAE ] o] X ghE T
E3eh= Ae 5% 0= 3hi= PH20 WMol A| 1= o9 A,
[(Br4] A3l 3l 7] b Folis dububAl 8 47-91(S347~C381)°] At
T RUAN-91 = dvhubal 7ok dubal 8 917 7 91(A333~R346)91 AlE
E7 02 3}3= PH20 M o| A = o] o] A,
Al4gtol]l Qloj A, 7] daphd B9 2 1 AAR e sl et e
T341~N363, T341~1361, L342~1361, $343~1361, 1344~1361, M345~1361
= M345~N363%1 318 57 & & 3}4= PH20 ®l o] A Hi= o] o] AH.
7 - 6] Al48te] oA, Lapfd 8 H91(S347~C381) L/ =, Luprfd 73
2ohital 8 917 791(A333-R346)7}F Hyal 1 9] t-§-5)3= 791 9] o} v =4t
Ao AR oln At WY& XS A-S 57 0 & §F= PH20 H ol A
rl= o]g] ;G ﬁq
743} 7] Al18ke] 9ho] A,
L3541 Z/%E3= N356E 2] o} =4t 7] o] %348 ¥ ghslal,
714 0 & T341, L342, $343, 1344, M345, S347, M348, K349, 352, L353,
D355, E359, 1361 ¥ N363= -4 & ol A Al e dfr} o] 2]
Aol A 2] ofu] it 7] o] X3S E s S 5 =& 5= PH20
Hol A Ei= oo 4.
[7d -3} 8] A 78}l glo A,
L3541 H/H3= N356E2] o} v] w4k A7) X 3+-8- L 8t5}ar,
714 0 & T341A, T341C, T341D, T341G, T341S, L342W, S343E, 1344N,
M345T, S347T, M348K, K349E, L352Q, L353A, D355K, E359D, I361T %
N363GE T4 ¥ ol A A8 E s o] 9] ofn| w4t 2h7] o] 2] 3H&
¥ 3et= A g EX o2 = PH20 Hol A = o] o] AdH,
7473 9] A 78kl o1 4], M345T, S347T, M348K, K349E, L.352Q, L353A, L3541,
D355K, N356E, E359D 2 1361T9] o}v] =4t 7] 9] X 3h& 2 &al= 31
E] 0 g 3= PH20 Hol A 3= oo AH,
[d7-810]  A9Frol] Qo] A, F712] & = T341A, T341C, T341D, T341G, T341S,

[ 5]



83

WO 2020/022791 PCT/KR2019/009215

[7d -8 11]

[7d -8} 12]

[7d -8 13]

[7d -8} 14]

[7d7-8F 15]

[7d7-8 16]

L342W, S343E, 1344N % N363GZ T4 H ol Al A

ofr] Ak Xb7] o] X 3h2 E 3ok A 57 0% 8= PH20 W ol A L=
o] 9] ;G .14

A108}el oA, o2 A H ol A A el o = ght o] o] 4t
A $hg E9tetE A& 57 0= Sh= PH20 Bl o] A Hi= o] o] A

(a) T3418S, L342W, S343E, 1344N, M345T, S347T, M348K, K349E, L352Q,
L353A, L3541, D355K, N356E, E359D 2 I361T;

(b) L342W, S343E, 344N, M345T, S347T, M348K, K349E, 1.352Q, L353A,
L3541, D355K, N356E, E359D 2 1361T;

(c) M345T, S347T, M348K, K349E, L352Q, L353A, L3541, D355K, N356E,
E359D, I361T 2 N363G;

(d) T341G, L342W, S343E, 1344N, M345T, S347T, M348K, K349E, L352Q,
L353A, L3541, D355K, N356E, E359D 2 I361T;

(e) T341A, L342W, S343E, I344N, M345T, S347T, M348K, K349E, L352Q,
L353A, L3541, D355K, N356E, E359D 2 I361T;
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(g) T341D, L342W, S343E, 1344N, M345T, S347T, M348K, K349E, L352Q,
L353A, L3541, D355K, N356E, E359D 2 I361T;

(h) 1344N, M345T, S347T, M348K, K349E, L.352Q, L353A, L3541, D355K,
N356E, E359D ¥ 1361T; ¥

(i) S343E, I344N, M345T, S347T, M348K, K349E, L352Q, L353A, L354L,
D355K, N356E, E359D 2 1361T

A 18k A xﬂ 118} = o] = &k glof] QQoj A, 78 o2 c-det 2/ =

oA Ei= ol H.
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A 135l 9lo] 4], N-2ke] 136, N37, F38, R39, Ad0, P41 3= P42 247]
Soll A Adkso] A3t opuf el 277 A | As 57 02 6= PH20
Hol A = o]e] A,

A2l oA, C-Ee] v455 U A L5092 -4 ¥ ol A A

opu =4k 7] Th ol A At of J ofn| A4 7|7 A | AS
£ 0 & 3}3= PH20 W ol A ti= o] o] A ¥,

Al158kel oA, C-beke] V455 W A] S4902 1A F ol A A ElE

ofn| Ak 27| Th ol A A of A oA 77 A A H AlE
E23 0 & 5= PH20 ol A = o] o] A A,
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HM10 5565+05
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Total Expression level Total Expression level Total Expression level
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wT 1.36~8490 16.1 HM39 F38-E476 36.7 HM29 L36-Ad67 163
HM16 1368490 750 HM38 F3§-T475 41.4 HM44 F38-Dd66 8.3
HMS52  F38-T488 36.2 HM37  F38-E474 41.9 HM43 F38-1465 4.7
HMS: F38-P486 18.7 HM36 F38-M473 36.6 HM30 L36~Cdc4 No
HM56 F38-A484 989 HM35  F38~P472 44.8 HM31 L36~Ddael No
HM49  F38-Y482 93.4 HM19 F38-K470 383 HM32 L36~C458 No
HM48  F38-1480 126.5 HM20  F38~F468 20.8 HM33 L36-V4ss Ne
HM47 F38-P478 74.4 HM45 F383~Ad67 17.9
[5=13]
M HM2S nmM30 HM31 HM32
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14]
A C-term residue | Specific activity C-term residue | Specific activity
_ number (U/ugl, pH 7.0 number {4 H7.0
WT 490 223+ 04 HM36 473 220+ 03
HM10 490 217208 HM35 472 233+ 02
HM52 488 295+ 1.9 HM19 470 259 + 16
HMS51 486 275+ 18 HP19 470 199+ 06
HMS0 484 285+ 24 HM20 468 239+ 05
HM49 482 293+ 1.7 HP20 468 2161 06
HM48 480 2899+ 07 HM45 467 180z 25
HM47 478 178: 03 HM29 467 182+ 0.2
HM29 476 204+ 0.2 HM44 466 232+ 0.2
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HM37 474 218+ 05
B 35
g 30 4 :
2 25 4
£
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i‘g 10 4
i
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Specific activity (U/ug), pH 7.0 CRe
WT 223+ 04 =}
= 30 4
HM21 410+ 06 £
HP34 456+ 09 2 -
HP46 472 =
g 104 :
w
{) e
WT HM2Z1 HP34 HP4S
B
Kon Kear Keat/ Ken
(mg/mL) (1/min) (1/min/mg/mL)
HW2 2.29+0.20 0.72+0.01 0.32+0.03
HM21 1.65+0.10 0.88+0.12 0.53+0.06
HP34 1.94:0.18 1.03+0.13 0.54+0.08
HP46 1.78+0.04 1.31:0.10 0.73+0.04
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