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Balg ol A A3z, 4k bl = wlE 9 B Slo] AFEE o 8o
"A T, G AE, A Gl = HE 7L o] E 4t i vl o] L9
iz 2ol d S i G o WA o s W H A, = Y] A
oA HFE AEETE FHS AL THIH F, ol E 5o, Axd A E=
A7 Al EH A (@R AT F e ol A= %735]%] = FAAE
LAY =, v 2= 2 A e dd o2 A s Y s A
L w) x] G Eef A /A E dE g

B Ao A A Bl 7he i 0] 57k EkS] DNA, RNA, B ©] 5]
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ol A MG A S EABT A L Fe] 2 L rho] Eris Bgle]
FERE TP AL E Ak F1 G HE o) QY] Wil 54
opu wabe ] 9 -

[61]

[62]

[63]

[64]

[65]

[66]

[67]
[68]

Ak A& A E WE Y S £ ") & "E @l A3 M(transfection)",
= A A = " H = 9] (ransduction) & & W] ahH, A A A o] Z &

[e]

T A AE Wz Tl g Aol &y a1, o)u 7] A AL
AFe Al (A, A, Seban =, A4 A), = v EFZ =2 oF DNA)
U2 B30}, Ahg b E e 2o WA, BE A o= de .

P o] WA && 0] 83 3,6-SFeto] =2 -L-zhe)
NOVA, 7] Hl QolrtEubo] @ 2] Hal AES B O R sfo] AEEe A
Abs o] = P AES WSS 5 AT

A7 A EQ 2 At o] A= M AR B EHRE 2] 2 JRA]| o] (L. casei)
S EvLA g A~ oA = Fﬂ /\(L acidophilus), BT ERFE & 2~ B 7k 2~ (L.
bulgaricus), V] 3] =89+ e| 2] & &= (B. longum), ] 3 S ¥ e 2] = ¥ ) 5(B. bifidum

), AE =t i(ActlreguchS) 9 gEnpd g A~ 9 ) g St P RS

}:@3}% Ak upA o] s B e E o] Al 21 o] uhE ] s Afo] BBt
91 2] 2-(Z. mobilis) 5-©] 2bo] .5 Lp = T4 3 Tz ApzbEnto] 4] 2
A @8] A o (Saccharomyces cerevisiae), 3| 7] o} 3} 2~ & 2] 2~(P. pastoris) 52 &5
% o= st = Stk o] &2 A A g Q1A ol FEl g GRAS M A& =,

ZeEEQAE YASHEE v Al E v Aol = v A &3 AHGRE B A # o)

upeba, 71 AA A glo] 719 mAE v S AR e o
= 3 ﬁﬂ v A& = /‘1]4 AN EE& A AsL & AA Hell = AHG7} 2
Ho] 1FE 2 AHGE 95 5 9

A7 HAEES UV\P* N= UVEE«] Hl&F 27, ol & 5o, vl & Al A,
U 5, AR S F YA ol s M el A e A glo] 5P

1

ol s}, ¥ o] wE = AAl o Fato] By & Bl A E] A s, &
HAZE 7] A AR AA el o & A gk = 21 of T

<2 A4 1> Agal6B, Aga50D 2 NABH A 23 a4 A4t

AMFFR 3} A 2~ d) 1k 2 (Saccharophagus degradans) 2-40 -2 ol S=-EFQ)
Hle-oF7ketob A Q1 Agal6B # - AK(Sde_1175), ) 4-BEHY] W Ef-ol7FetobA] Q]
Aga50D -7 AF 2 v o} 7taulo] @ 2~ 7h sl &4 NABH -7 AHS pET21a
WE| S AL&5te] TFTHE. coli) BL21(DE3)o] & 9] 519 th(Aga50D2] 75,
o &l 5 7 53] #12010-0040438%.(2010.04.20), NABHS] 7 -, tf &Hwl ;-
SN E3] A2013-00850173(2013.07.26Z Z1 3.
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[69]

[70]

[71]
[72]

[73]

[74]

Agal6B9] 77, 735 DNA= 4% 4?1 DNA 7| E(Hlo] Yo}, gk E
AL&-3Fo] A A8 AL, Agal6Bi= PCRE FZ A Z T}, o] wj Zalo]n]i=
Agal6B-N, 5°-AAA GGATCC ATGGCAGATTGGGACGGAATT-3"(Tm: 59.4);
Agal6B-C, 5°-AAA GCGGCCGC GTTGCTAAGCGTGAACTTATCTA-3’(Tm:
59.3)°]t}. PCR 2FE-2 Agal6B2] N-Eehe] ofu] =4k 19-2000] 9 A 8h= Al-1d
Al 22 A 73 Aot} Al gk &4 2= BamHIT Nofd S A543 o N-3}
C-2et 234 9] 579 3043t of) 9 %] &t} PCR A& 3 pET21a+= 242t BamHIZ}
Notl©. & A Z 31 T4 DNA @}o] A 0] 2 & A}-8-5} o] o] B2 B¢t} 18] 3L E.coli
BL212 &2 A A F ).

Zyzyol A A7 )| Al 2% o) A2 Al F(pre-culture) 3t 7] 2] E]
50mL-Z Y Z B ol 3] 2 & (ampicillin) 100xg/mL7}F )1+ 10mL2] LB

B2 204 37°C, 9AI g vl ¥ttt 72 2 A wlF ) 10mLS -2 v x| 24 9

-l ek 1Ll 7 E st 9, Fshd &3 7](Optical density spectroscope)-
o]-gsto] Fet & Fho] m =) dld WA(OD 0.4~0.6)7H4] A-HA 0.1mM

o] A 2 I v E}-t]-A 2 7Lﬂ54}o]a}iA}o]E(IPTG)E Y a1 16°Col A 16A] 3
9t 29 A (induction) A| A T}, 1 3 Al ¥ 8] Y ell-S 500mL-FE.of 7 4°Coll A
20+-7F 10,000 rppmol| A A & & H AL E 535 Sl A o WAl S
W2]517] 98k Tris B (20 mM Tris-HC, pH 7.4) 30mLol| =& A& THA|
o531 2 8-317] 7](sonicator)E ©]-8-3Fo] A XEE 3} (cell lysis) 35 T} o] F
4oColl A 1A 2 & <F 16,000 rppmell A A A2 3F3itt. 3] ~E 3 27 (5mL GE
health care) < AF83Fo] @& A A3 7, SDS-PAGE gel& AH-8-3ho] A A%
Zyzyo] e A o] F 715 glskgl Tt @ (Desalting) A 8 -8 AF-8-3he] Tl
Aol AFEEFAE S (Imidazole)e A 73T} §ol A/AH A2 A
BEAEBCAYA WY O 5 At

<2 Al o] 2> Agal6B, Aga50D 2 NABHS| & A RS-

Agal6B B4 HHS Al 718 & 59%(wiv) E 522 ol 7FR S ALE39 2 20mM
Tris-HC1 B 3 (pH 7.4)l A 55°C, 200 rpm Z= 710l A] 104 7F B¢t k&
AT AT

Agal6B B4 HEG Ah=Ql Y R o7k R &2 7] A =2 5ho] Aga50D B
HEE-& A ATEESl 21 25°C, 200 rpm 71Ol A] 244 3F FQF F A HEES
AT wEA 0 & NABH S 48H8-S AgaS0D H.4 HFE AFE-©]

dl o7k ulo] e 25 71 & 8] 30°C, 200 rpm 7ol A 124]3F § <t B
vh3-& A AlE ST
T

=
2y SAE a4 vhs F HES 4= thin layer chromatography(TLC)E -3
Z 7 O =]
- [¢]

oo
o

AT TLC ¥4 2318 78739 et 2 Eellol Bl 1] ai
HHSAE & 25kl o] 54 Sl 25 n- R o e &, 3:1:1 (viviv)E 3§

1A ZE 5o HNAI 7] H ol ek-£-o]) %OJ 10% &4F3} o eb-2-of] <1 0.2% 9]
KX
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o]
w5

[75] = 20f] YebA vle} o], ol =B 9] 9] B-agarase 19! Agal6B &4 HES-=
op7tR 2~ 7AZ Y QolrtR el o w2 FallHE e, oju 28 AES
%3 % (degree of polymerization, DP) 42} DP6°l| 3l &3}

H Qo7 H Eg A9t U Qo722 AL AT 71 3 N A4-EF]] 9] B-agarase
09! AgaS0D .4 REGS E-3fl o] F AR v ol7tanlo] @ 27} A A o]
¥ 910w, NABH &4 BH&-& B3l AHG} D- 24 EQ ~7F A A = Sl

[76] B4R GAE ALt &S A4 AT} Agal6Be] BEE AR @
o] ol B = A7Fo] E7tslgl o Agas0D HHEAHEQ]

vl Qol7tgnle] @ 25 Auket Ax} 10g9] o} 7t R AR E 94452 NABE
A A TH0.944g NAB/g agarose)(3% 1). B2 ¢ NABH HE-&- A 3} 10g<]
ot R AR HE E53 dd 82 7.52¢0] 91 TH0.752g monomeric sugars/g

agarose)(3L 1).

ot

o

77 ¥1
" E’Fazi]?ﬁ. Gt R u =g o] &g Al HA o] dAE A 8
A A o] @A e (2] o} 7tR A~
7155) (%, wiw)
Z7] 713 o} 7}= 2~ 100.0
Agal6B Y| Q o} 7} =2 3L THDP 4, 6) NA
Aga50D Y] 2.0} 7} & 1ulo] 2. ~(DP 2) 94.4
NABH AHG, S EQ X~ 75.2
Rl AHG 37.3
NA: DP4 + DP69] Z &8 FA ¥ o] A4 o] =85 at7] ol =

[78]
[79] <2 A4 3> GRAS A E S & 5.5 0|83 AHG A A
[80] AAlel 131 20014 8158 HF Rhg A e T2 AHGSF D-ZE E e 2oy, o

ToAM D-Z2HELAE A ASH] skl AR s AT A=

=S

[¢)
Arargleh Mg F AE AL 5,000 pmell A 1027 A L2 E B3 2,
Al # =2 Tris-HCI M ¥ (pH 7.4) & AH&3}o] Al A g 3 thA] e 2
el e stel Al AHE A

[81] Al Y2 913l 3.35g/L2] yeast nitrogen base 2 0.4 g/Le] CSM< g3t

ALZFE WO Al 2= A El] H] 4] ol (S. cerevisiae) D452-29] A 3 A& 7 F 3]
30°C, 200rpm®l| A] 2441 7F | <F 3 GC/MS 4 8 LT,
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[82] % 3a-boll WEbE vlef o] D-ZEE Q A= B glo] A AL AHGRE
gelst o, &2 AAre A3 10g9] o} 7t = A2 3.73g9] A
AHGE 9%1.21(0.373g2] AHG/g agarose), AHG <=3 61.9% (w/w) T,

[83] <AA el 4> NABHE =& Al =3 579 a484d 54

[84] NABHE pRS425GPD ¥ B (auxotrophic marker, Leu-)°ll £ =2d 5}]
AL} 2 afo) Al 2~ A €| 8] X] ol (Saccharomyces cerevisiae) D452-291 L=<l 6} <1
HEZR P48 E3f &8 543130 NABH F 1 A& 71 S8~ =7
T 8% A EE Y-PER(Yeast protein extraction reagent) S AF-2-5}o] 32§+

S8l @A S BCA 48 Tl AEFeivh. = @ d-2 NAB 7|2 7 30°C,

200rpm =71l 4] NABH #.4WH3-& A A8t NABH .49 244 TLC
WA O 8 Fal] vk Abeg A A 07 Felslgl o, NABHY o] &4 &
A8 THE 4a-b).

[85] <A Al 4] 55 NABHE 5913 A1 23 A7 E o] 83 AHG A A

[86] NABHE =9] 3t A 23 259 NABH &4 S48 2 A d 45 53
gl ol & 01%0}04 AHGS} D-ZHEHE $ A7} o o] &)
Yl @ ol7tEulo] R 22 FE AHGE GAlste A3 & At o) vl
3l 3.35g/L9] yeast nitrogen base & 0.4 g/L.2] CSM (Leu-)= $H-7-¢F & Anl %] o]
AgaS0D ¥H-3 AHEQl Y| Qol7lE Hlo] 9 A& ¥4 0 NABHE =43
Az3 are %S AASF T 30°C, 200rpm ol A vl %3} ow o] w A7k
A af ol o] vha ol HEEkgl T

-

o]
A=

[87] % 5a-boll LER npe} o], gl =57l pRS425GPD ) E1U S o)l A %3
Y 3= NABE tJAEHA] 3814 9 NABHE =93l 21 %3 7.9 49 NAB=

walelel DR A E chAbshel A8 Wk o] o AHGE AZ T o2
Yl A BRI

[88] o] & E& NABHE 593 2| 23} 552 o] &3] NABEILE] AHGE
A% 4= 9

891 <2150 65 /1EF D-ARHES 2 T AR o] 3= VAo A 9] AHG A 73
gl

[90] AN o] 13} 20 A B S8 HE ule AR L =72 AHGS} D-ZEE Q 201, o]
Fo) A D-ZEHE 2 25 AFEHE 7]%5S 7h B (E. coli), 3] 7] o}

I} 2] 2 (P. pastoris), AFo] Z R U2 B 2] ~(Z mobilis)E ©]-8-31o] AHGE
AAsEA T

[91] g2 E. coli K12 75 A8 .2 Al 9F-= LB HLE 20| A 37°C, 200
rpmOl A 16A] {H&QF A AT a8 Al 5-9] 1] 7| oli= 3] 7] of g~ E g (P,
pastoris) X33 75 AFE51S 0 Ak YPD B Z 20 4 30°C, 200 rpm il A
16X QF Ak}, 224 179 AFo| B R U A= Apo] B2 ol E] 2y
Z. mobilis) ATCC 31821 5 AF&-31 % o A nl ¢ 100mM EEFF
SE2Ho] E ¥ (pH 6.0)7F £ )= RM 1l #] ¢l A 30°C, 200 rpm©l] A]
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[92]

[93]

[94]

[95]
[96]

16A] &< A A8t Tt vl %k T Z+2y M 3 B EE- 6,000 rpmoll A 20+-3F
] 22 Tris-HC1 ¥ H(pH 7.4) & AF-8-3Fo] M|l & gk &
TRA] $HH 22 21 ol A Al -2 8o *ﬂi e AN
Hl & 93l 2.5g/L 9] yeast nitrogen base 2 20mM Tris-HCl bﬂ H(pH 7.4) &
SFA-g A Aol AHGSFD-ZHE 27 = aawtsitea s oo
3to] E. coli K129] Al 3 A &8 A &8}t
Al Y2 913l 3.35g/L2] yeast nitrogen base 2 0.4 g/Le] CSM< g3t
Aol AHGS D-ZFEQ 27} iz Aot AE S @ d o= 3o
1] 7] o} 3}~ E 2] 2 (P. pastoris) X332] A3 B3} zfo] B LA FRlE A (Z
mobilis) ATCC 318219] A% A=l 717} 4] E 3} 3 v} 30°C, 200rpmol A 244 1k
mleF = TLCE A4 418 5l
5 6a-coll WEbE upe} o] 244 7bo] A vk & D-ZEEQ A= W glo] AL
AHGY Y& A& 3Fel 39t
A o874

B e 36-0Fsho] BB R © 0] A% Hob] 4§

1. =

(o,
o>
Siid
)
¢
ol
o
ne
I3
>
40, 1l
mé

ol

ot
>
pac)
o)
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AT

47 1]  SEQIDNO: 1°] 7] A} % ofv] malt AR FA| ¥ = 2 A 5&]4 o B4,
N A-F ] 9] $Hd W3l & A (agarase) X &3} Qo) 7} 2= Hlo] @

AR EAT B BT AR bR w318

ﬂlO

S HadoR st AR s Ak ol e vAlwE
=

A} <3} L
719 WA E vl kAol A 3,6-¢F3to| ER LA EQ 28 FEIE
GAE 3k, A= S ol 8T 3,6-Blo| mRL- A HEQ A
A,

dr@2  AlFel glefA,
i) 7] A HhS8 o} 7pE A = 3k o] AR e glo] 2E Y
1) A5G 0] &8 3,6-2HeFo] ERAL- 7@53%4 A A

27331 ARl oA, Al /1A uhg
WAA SR B} of bR 2 B 3 S Wk A 7] an
2719 R E T dA-Eh o] S e A B
v}y @ o} 7} 2 ufo] @ A TR HEAS HFSA] Y]
o] &3k 3 6-SFslo| =2 -2 & E @ A~ o] AAHHH
[d7+3 4] A3l o)A,
WA AR H e} op7F R 4 B 3 2] M2 40 W %] 60°C Y]
S5 W o)A, 0 WA 300 rpme] &S E, pH 5 WA 99 A, 305 WA
79 B S E =, v A ES o] 83 3,69 50| B R LA EEQ Ao

ol
P
ro
=)
ox
il
o

-

fl

[%d -3 5] A3kl oA
8 & 4= SEQ ID NO: 391 7| A H o} it A A &
S o] 83k 3,6-9tsto] =g L-ZFebE © A 0] AR
%73 6] A3kl Lol A,

-] Q ol 7F 2 ufo] @ 2 Fh4= -8l A4 SEQ ID NO: 4 7] 4| €

olu A A= JAlﬂb n A& o] &3t

3,6-Ct8lo] =2 - ZHehE @ Ao A,
(713 7] A3kl oA,

O—“,i-E‘r 2] o PZJTOH&/\ 2 ehut-v] QolrpRulo] @ 2 Tl B Akl

A 7%_ %9} zﬁﬂ U A B o] -3
3,6-¢tsto| =2 -2 e E @ A~ 9] AxaHhd.

(B8] A1gel /hefA,
AHEQ 2 tiabgo] iz v A2 S Rk el &, v v e e
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[47% 9]

[7d7-8 10]

74738} 11]

[7d -3} 12]

(7478 13]

713 14]
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upal e 2, A EglEntol A 2 e yutH g &, Afo] B R
EE 2R F o= stuR], A =S o] &%t

3,6-tstol =2 L-ZFebE © 4 0] A ub
Al 138} ¢ 01}\1
3,6-Ct5lo| B2 L-AEEQ AE 531 W = v A= vl

A = oA Fete] = AR, AR
3,6-0tto] =R -2 E Q 4 o] A AU
SEQ ID NO: 1°]] 7] Al & ofw] =4 A A =2 ﬁ’\]ﬂ% WEA s dsl a4,
ol 4 _g}Q] o] 33 H-3]] &J_(agarase -Y| Qo}7Enlo] 2.~
VR EAE XSt E a4 2
ZHE 9 A A Eo] Q= A ES 3el=
3,6-SHeto| E R LA EQ A Yrg 2AE
Al 103}l 2 01}\1
ol 2 g} o] hF F-ell &4 3= SEQ ID NO: 39 7] Al o} vk A 2
FA =, 3,60t to| m 2 LA e E Q. A QMg 2AE
A 103}l o] A,
%J}-ﬂ]gow}iu}o]g% 7hE Rl & 4= SEQ ID NO: 49l 7] A€
o]_U]L/\}}qOﬂfJ,_ E}\] 360}0}°]EEL a‘EO/\/\ﬂ/\P%}_ 4%
A 103}l o] A,
BATE V| HE ol 7R A B S S AL
3,6-¢t8lo| 2L EQ A YAE A
A 103}l o] A,
A EQ A gAso] e A ES g EnpA e 4 v 3 EebE g E
vpd o] &) 2 Eg Entol M 2~ I WlEtE g & i 88 5 o] - shyel,
3,6-QFslo| R L-AHEEQ A~ QAE 2AE.

v, ol g

)tﬂ Ol 1]

s,

Ha o
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()
Agarotriose
lﬁﬁﬁ and NABH

l«’i‘:ﬁimwg& chromatography

78.0% wiw)
‘Lﬁia»g P2 column
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Agarése
ﬁwagmm@ i -

Nesagam{; igz:}sac«::haﬂdeﬁ
| B-agarase li

Neoagarobiose
l; NABH

S.cerevisi

61.9% wiw)
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—e— Empty vector
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Reaction time
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