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OB ATRZRETAKR (P 0972, MAET pPICIK-PI K& BRI B bbb £ BB EH IR GS115 F,
FRJEH) 4.0 mg/mL &9 G418 4k -FAR LRk 2] T 1 A3 M4Lh 12 49 H 4k CLO12. 4% SNAREs (T M N-T &
IR BT AR A T 2R A) A F 49 SNC2 4= SNC2-SSO2 » B4 AN #k CLOI2 F, FAEEMA 5 L A8
HEK-F LA-M SNAREs #F PI = 269 %m. 4R AW #MKFLE, FEAEFIOhE, B CLOI24PLZF
# 1.53 mg/L; &3& SNC2 f= SNC2-SSO2 #9 H A 49 P1 = E 4 41 4 1.89 mg/L #= 2.21 mg/L, 4 A E A CLO12
REHT 23.53%A 44.44%, £ 5L KB Lt AT & B A A B, FBEEE 5 96 h B H#& CLO12 49 P1 * & 53 mg/L,
RAZHRIK T 4G 34.64 4%; £ & SNC2 #» SNC2-SSO2 49 H #k 89 P = &4 5L %) 64 mg/L #= 78 mg/L, 4 A i
R CLOI2 325 T 20.75%A= 47.17%. w1 3kiF & 2546 SNAREs T AR Mk By F ATIR GG o il, AR & 2 e it
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A method to increase the production of insulin precursor in
Pichia pastoris
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Abstract: To improve the yield of insulin precursor (PI), we constructed a recombinant expression vector pPIC9K-PI and
transformed it into Pichia pastoris GS115 using electroporation. After screening, a mutant strain CL0O12 with 12 copies was
obtained on the YPDS plate containing 4.0 mg/mL G418. Then, the components of SNARESs (Soluble N-ethylmaleimide-sensitive
factor attachment receptor proteins), SNC2 and SNC2-SSO2, were expressed in the strain CL012 to explore the effect of
SNARESs on the yield of PI. In shake flask culture, the strains expressing SNC2 and SNC2-SSO2 yielded PI of 1.89 mg/L
and 2.21 mg/L after methanol induction for 96 h, which were improved by 23.53% and 44.44% compared to that of strain
CLO012 (1.53 mg/L), respectively. Further, in a 5-L bioreactor, the yield of PI with strain CLO12 was 53 mg/L for
high-density fermentation, after 96 h of methanol induction, which was 34.64-fold higher than that of shake culture. The
strains expressing SNC2 and SNC2-SSO?2 yielded the PI of 64 mg/L and 78 mg/L, which were respectively increased by
20.75% and 47.17%, compared to that of strain CLO12. This work indicated that SNAREs components promoted the

secretion of PI to improve its heterologous expression in P. pastoris.

Keywords: Pichia pastoris, insulin precursor, SNARESs, heterologous expression
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. EARAEN RN AT E . AR
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) 185 IR HER LA K v 1R A 380 4t L o R 14 32 B
Bm A AR AR . iz A R 2 ] £
AHH.AEFT 2 SNAREs fIEA, SNAREs (A i#
P N- 2 35 T 5 I 0 i A e R B o L 2R 1 32 4
e T BB AR (1, 7632 il 3 6 R 0SS )
G A AT, (R IS .
SNARESs 73 H W ff . —FfE7e TR |, 4
PR v-SNAREs; 75 —FF7E T iz el b, #k
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Ssol/2. Sec9 Fl Sncl/2, H:f SNAREs &A1&
i Snc1/2 F1 Sso1/2 (A4 —1> o BRJE X 3 Fl Sec9
A PR A~ HELE [X 8k 2H i . SNAREs B 48 Bl ff 5 777
F R | RS A . B
DA K M3k B A A H A S s A gt UYL e
TR s R FEd , SNAREs 76 A [ 1 230
T 22 100 A9 6 gl £ 328 i o 4y 0 2 T EL N A
0. van Zyl 25U i) kR R T SNCT
W5k 1 852 R % IR T B 4T Ak OB K AR Y
L 71%, 3 23k SSO1 ¥4 [ 132 18 B8 i £ 114
B 1) P R G 43.8%. Xu &L A
PP i £F b i e ik SSO1 AT LUKk [ HL G K5
(R 2T 4 — K AR 77 B 5 10% . Gasser ZE1!7)
it 7 e AR R Rt KA SSO2 i A bk
Fab )77 &2 20%., Hou ZUE Mtk
SNAREs fHHMHBIENR SM HEHA P WH
SEC1 A] LA o-VE 5 i 19 7 5 $2 5 16%.

B T D Ak R e B v g R R A 3] B R £
WA, AT R AT 5w R 42 v e
FREERE P IR A, e s DU
R e SN b0 S T U= ) I el N5 = s v
W E S AR, ARk Ak P B S
& AW IER TS M4 F 115 PDIPAN BiP 4,
Zhu S5V 1R 5 2 A DR A 5 DL B0
I 12, FEAHAE S R AT AR 12.5 4%,
iKF] 181 mg/L, Ben ZEA FH 2505 T4k 49 P 31
HAFAE IR BN TR RGN T 2.1 %, Ben
2 AT B2 RS 8T GAP #:4: AOX1 3 8 1
BAERMWEHEAM 2RI T 1.22 5.
Vadhana 2 IFH B 515 5 WAE o 55 WK
PR LB B =4 m T 2 £,
Shen POV e SR BE LA PR 14
R-1 ZWAEGGH (L1ra) BRI T 2.4 %5,
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Damasceno 257 B ok e £ rh H: 36 5k BiP {# A33
FBEHTIR (A33scFv) BB T 3 1%,

AW R T AR R R R AR R,
i 5 Z AT AAE U ARSI SNARESs X B £
BT A DA R R R K 1) 4 I P G i AR .
5 [ s 36 8 ok H ERE R BE ) SNARES, 3 /i1
JBE B R AT 0 W o ARSI D, ERTE AR
B} bl D 8 40 W R B R AT IA R (P, SR
JF i %4 SNARE 41439 SNC2 #l SSO2, #2
o IS R AT RIS

1 MREFE

1.1
L11 kSR

pMD19-T-simple (TaKaRa 23 F]); pPICZa %k
&, pPICOK #fk, KIHFFE IM109, HeaRh)
GS115, ALK ZERAF. pPIC6o 4RfA, FEipas
F2 B U RS = A IS BT o 2 T
1.2 FEREFIAER

PRGN UIEE Sall . Sacl . EcoR 1T |
Not1 | Asu Il . Xbal . Bgl 1l . DNA marker
DL10000, DNA marker DL2000, W [ K% 52 /4E
YT AR E; A marker., 8 TR E
&, Lyticase. 5l¥& M. BRSO & . i
R ERBGA & . DNA aifeidil e, WA -
WA TAY TN HRER (Zeocin), it
LR #E (G418). AME K (Blasticidin), 14
H Invitrogen /A Fl 5 BEREIERALEG0 &, W H K
M\ Hl ;3 iTag Universal SYBR Green Supermix,
W4 [ Bio-rad /2] ; PCR, QPCR ¥ #{L . & H
B NAR R Gt . B AL Green Pulser, R
HLKAX . A HIKIL, 18 A Bio-rad /A F; Diode
Array Bio Photometer U-0080D A% iR ¥ & Il 22
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¢, WA HITACHI A+]; 5 L ZRERE, A L
MR LA R & TREA RS A o
1.1.3 ¥EFHE

fk#hk LB. YPD. YPDS. MD. BMGY .
BMMY . BSM Jthfith k33t PTMI (%@ CE
WA S E 2 0L Invitrogen /A ) 5 75 Bk
PBAET T

1.2 FRIEHKRBWE

P I B RATARE N PI A BORL pUCST-PI
2 EcoR T 1 Not T WU 3% 42 22 A [R] WL 1] 11
pPICOK JFiki |, %4k IM109 J&, #4774 PCR
IUE, MAEFEIBER SNC2., SS02 HK:[H 741 %
THEZHIREE, S (R 1), il PCR 4
ARAFHSI4 SNC2-F #1 SNC2-R., SSO2-F i
SSO2-R 43 il AR 175 1 £ 11%) K& R 2H S B AR 47 1
tH SNC2 #1 SSO2 KLFFH, Piuudd il & A
Asu 1A Xba 1 WV, PCR F=#)aifbfaHs
SNC2 Fil SSO2 Ml i Bt 5 pMD19-T A%
Bz, Bk IM109 JEZEs, WA T e R hiEm
LB [E &5 750, 54K B BRIR VR #2517 PCR
B UE, B9 TR A A R AR Y, R I A Y
BRI BUTORL S (4] Asu 1L FD Xba 1 XUEY] 5
HEAT R IS, 5l P [ il 170 1) B i e B 5K
K pPICZa., pPIC60 A% 42, H R L IR (o
{55 Bk T B&) pPICZ-SNC2 . pPICZ-SSO2 Fi
pPIC6-SSO2.,

1.3 FJHEFRBEHNWE

F Bgl TMZMEALMRIBEIR pPICIK-PI H
AL AYEIRTERE GS115 5, R4 5] MD & {4
M b, B R YR B2 YPD B 5R3E, 30 C
B BAEON, PEEEE R4, PL 5'AOX1
Fl 3'AOX1 A5Y (F 1), PCR %&ff: 95 C

®: 010-64807509

&1 PCRI3IYFIFI*
Table 1 PCR primers sequence
Primer

Primer sequence (5'-3")
name

SNC2-F GGGTTCGAAACGATGTCGTCATCAGTGC
CATAC

SNC2-R GCTCTAGATTAGCTGAAATGGACGACGA
TAG

SSO2-F GGGTTCGAAACGATGAGCAACGCTAAT
CCTTATG

SSO2-R  GCTCTAGATTACTTTCTTGTTTCCACAAC

PI-F ATGAGATTTCCTTCTATTTTCACTG

PI-R TTAGTTGCAGTAGTTTTCCAACTG

5'AOX1 GCAAATGGCATTCTGACATCC

3'AO0X1 GACTGGTTCCAATTGACAAGC

2min; 95 C 30s, 55 °C 30s, 72 C 1 min,
30 MEH; 72 CHEfH 5 min, K AEMA
pPICIK-PI & 75 8 &5 B B BE R 2H v

14 EEEBKAFEAEERNHHEHET
(7351

¥ MD FAr A I H S0 E A 0 AR AR
R R, AT Ao . DLk
RV IR RS2 S A0 M, R Sal T ZetEAbi
pPICOK-PI X H PRk LG AL , B 5 Ak 1 TR VR U A
FIERFMRE M) G418 1 YPDS “F-#i |, 30 C
FIEHEIE 2-5d, G418 IRIERLE N 1.0, 1.5,
2.0, 3.0 1 4.0 mg/mL, K B B VE AR R £R
FEHHFEHWSE G418 19 YPDS “FAR b, FFLAH
REEXTHR, L 5’A0X1 F1 3'AOX1 HE|¥), K
TR T2 A [ 4 D0 45017 B 20 B AR I B

1.5 E= PCRAE Pl HEE# N

Bk R . I X-33 BRI, LU
GAP-F #l GAP-R N51¥) (% 2) M X-33 B A
I GAP R B, B GAP Fr
Bt i% 3% pMD19-simple-T 44, 26, K505
IERR I T 8k i 4 pMD19-GAP, Hil1ENZ 1
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PrfEMi 4 &4 PL TN RYFRIKEIAK pPICIK-PI
il B R s e 2.

PL PR H% DUE A - 00 2 B D ke 422 Ao
F YPD 1, 30 CREFEEMHAY, WLy 1310”4
YN, S T BE A0 i BE 2L iR B (Lyticase) #EAT
MEREALFE 30 min, 4% BRI BRI PR 20 42 BGH)
S UL T EME . f# ] Beacon Designer #(f4i%
IFER PCR 5% (3R 2). RAUMAKFR: 10 pL
2xSYBR Premix Ex Tag, 1 pL 10 pmol/L iE[a] Fl
B 514, 2 ul BokL (RIVEARERNZ) BRI E
Y e AR EE RS 20 AR, 6 pL K5 S kA
95 C 2 min; 95 C 5's, 55 C 30s, 72 C
30's, 40 MEFR, OGIE S IEATEIR LA 45
WRAE, P3G, ml i h ok UGE BOA Ly
5, BI 65-95 C, 0.5 C/s, 5 f5 I 4 56 %
Bk PTSEIR 9% LT,

1.6 & SNAREs FEFREE B ERAIE
PL Sac T Ze kb FIK# K pPICZ-SNC2 .

pPICZ-SSO2 Jg HLA% Ak PI #5 D1 % & i HE ok
BEEE, B ATE 100 pg/mL 1 HSERE R K
HUrEFAR, 30 CHIE RS 2-5d, WK MTEE
PRV TS AR &G = 1 YPDS P4k
L B A TRV S TR A SR, DL 5'AOX1
1 3'AOX1 K514y, Bk & AR 25 11 9 B 21 BE AR
PR AT R 10 e 5 35 DR 201 B0 IF TE 0 9 7% SNC2

%2 E= PCRS3IHFF
Table 2 Primer sequence for quantitative PCR

1) F 2H 8 R BB TR R VR 2 A, L Sac T 2k
PEAL F R 81K pPIC6-SSO2 J5 LAk, A
TE 400 pg/mL & A FEIE &R B HUPEFAR b
30 CHEIEHFF 2-5 d, WK A B R R4
T AR R B AR AR A R Y YPDS Pl B, B
KA AT R AL I, 5 A
SNAREs 41 #/#%) SNC2., SSO2 [ 41 5 ARl 1k
TR PR 119 ) 2

1.7 EHEFEHREFFRIEF Tricine-SDS-PAGE
gl

B EH B GS115/pPICIK-PI FIS3 584
Iy FAER B SNC2 . SSO2. SNC2-SSO2 ()
GS115/pPICIK-PI [ B V5 AN T 50 mL A= K85
F£% BMGY/500 mL =i, 30 °C. 200 r/min
BiE 24 hy f FIRAR RSP IR LA 4 000 r/min
250 10 min J5 5545 E 3, H 30 mL BMMY 33
FRILT PR IFEA, A 100% H BE =LK N
1% (V/V), 30 C. 200 r/min ¥53%, %F%E 24 h #b
i 100% W BB LR IE T 1% (VIV) #7155
H %S 96 h J5, 12 000 r/min #.0» 5 min, {#
B 38 W, #5647 Tricine-SDS-PAGE 5§ RP-HPLC .,
1.8 FHEFBESNSEELE

$ 1 mL HEHEESRBER TR T 100 mL
YPD/500 mL =i, 200 r/min. 30 CHij
20 h; RJELL 10%EEF EHEA S 2 L BSM £ 5%

Gene Primer name Primer sequence (5'-3") Amplicon size (bp)
PI PI-F AGCCGAAGCAGTTATTGGTTAC 92

PI-R ACAACAGACCGTTATTAGTGGA
GAP GAP -F ATGACCGCCACTCAAAAGAC 98

GAP -R GCACCAGTGGAAGATGGAAT

http://journals.im.ac.cn/cjben
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/5 L T &, FH 30%A020K 48RS pH 5.5,
MR G, ABESR BT, RN
FEHE A KT 10%), 6 h jFE1L, FEHlEx
FERIEVLER AR 2 h )5, FRawm B e, Jf
b I I 4 R R SR 0 WY R R AE
2 /L%,

IR 5% 2R AR BE I - R T 12 000xg
#5010 min, PRE BV, ¥ FIEH 0.45 pm (1)
AL UE B L U85, A AR AT 2 .
Dionex UltiMate 3000 system, %k Vydac
Grace CI8 (4.6 mmx250 mm) fGi%4E, ik
30 °C, MK 214 nm, PERERE 20 pL, SRR
FERIEIEA 70T, s A 4 0.1% TFA JK, B
0.1% TFA ZJiE, FHEEH 20%-35% B (0-30 min),
35%-70% B (30-35 min), 70%-20% B (35-36 min),
20%-20% B (36-46 min).

2 BRE

2.1 ZENEHEFBRSEKROLEMRIX

H Bgl T4 iRE A& pPICOK-PI J5H
AL YEIRIERE GS115, WA MD AR b, ¥
MD A b I HLG I A ) B RRAE O R
Rk, #EATF A A DL A R bR
iV e B 2 S A M, R Sal T ZPEAL Y
pPICOK-PI X H PR UL AL, B AL IR IR A B & A
1.0, 1.5, 2.0, 3.0 F1 4.0 mg/mL G418 f#J YPDS
FIAEAR B (B 1A). KRR G418 P-4
i e H A SR A R R T AL 4 PCR B60F, BIE4h
TR BT AT W R ARER T LAY 3 2.2 kb (BE4Afk
Mt 5L [A) 1927 bp (RIKEMA FH A B 1k
Bt (I 1B). GAP (3'-Wi 2 H e il &l 2 K]
TP BE B 2H 4 DUBCH 1, il 3351 H 20
Ee R RE LR 4 b B R JE RS DB GAP i

®: 010-64807509

Bl1 Z#ENEHEEFEGOHE

Fig. 1 Construction of multi-copy recombinant yeast.
(A) The selection of transformants on YPDS plate
containing 1.0, 1.5, 2.0, 3.0 and 4.0 mg/mL G418. (B)
Confirmation of recombinant yeast; M: DNA DL10000
marker; lane 1-5 represent transformant on 1.0, 1.5, 2.0,
3.0 and 4.0 mg/mL G418 YPDS plate respectively.

PEDLE LM, e s B AR DLE, X
pMD19-GAP Fl ik 34k pPICOK-PI 4 T F 51 i
B, T 3E45 H AL PT AN B 2L GAP WYH:
HERNZR . SRIEEEA 1.0, 1.5, 2.0, 3.0 I 4.0 mg/mL
G418 “F-H I i 16 AR AT Y 28 A8 B AR 204 748 DL
A, MERPE DB 2, 3. 6. 7. 12, Xt
I B R 2 Bl 4% CL002. CLO003 . CLO06 .
CL007 F1 CLO12 (% 3), i—¥F 5 BREERE S HIE
TSR lAh 35 1 T Tricine-SDS-PAGE
b (B 2), 455 RMTE 6.7 kDa b — B . 5%
M, PR CLOI2 & e I

2.2 & SNAREs EHEEFREERERRIWE
¥ Sac 1 &AL KB pPICZ-SSO2 .
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R 3 FREIRE G418 TR _LiFE H AE AR PI & E % RERNE

Table 3 Copy number determination of each strain on different concentration G418 plates

G418 (mg/mL) Strain Log (PI) PI Log (GAP) GAP PI/GAP Copy number
1.0 CL002 7.22 1.65x107 6.86 7.24x10° 2.27 2
1.5 CL003 7.27 1.86x107 6.80 6.31x10° 2.94 3
2.0 CL006 7.19 1.55x107 6.38 2.40x10° 6.45 6
3.0 CL007 7.77 5.88x10’ 6.94 8.71x10° 6.75 7
4.0 CLO12 8.00 1.00x10* 6.92 8.32x10° 12.02 12

. <PI(6.7kDa)

2 ARE#ENBEHLHER PI RIELFW
Tricine-SDS-PAGE 43

Fig. 2 Tricine-SDS-PAGE analysis of the effect of
copy number on recombinant protein PI. M: protein
marker; 1: control; 2: GS115/pPICIK; 3: CL002; 4:
CL003; 5: CL006; 6: CL007; 7: CL0012.
pPICZ-SNC2 HifEfvERIRTEEE CLO12, IRATTE
100 pg/mL Y& 3R R BTik-Fak b, # K
() B VR R A T DRV AL B0, K 560 1 ) 1 B o 40
40 CLO121 #l CLO122., LA Sac I ZetAk
F kB AR pPIC6-SSO2 J5 HL ¥ 4k HE ok BE B
CL0122, WRAGTE 400 pg/mL Y3 A FEIE B %= 1Y
ok FAR b, B H A TR A T TR 4 S
IR TE A 1Y TR AR AT 44 O CLO123, Rk gl A )
R AE 3A i, PL S’AOX1 il 3'AOX1
Js T R A e (B 3B), 25K .

Bk CLO121,CLO122 il CLO123 1R+ ﬁjt/J\%J
2.2 kb (FE4EALREELR) #1927 bp (%E LSRN
pPIC9K-PI i H A H BL) B, LY
B £ B AR pPICZa/pPIC60 E%TLM}“ 1
588 bp (WE%Afb W) K/ A B, m

http://journals.im.ac.cn/cjben

pPICZa/pPIC6a H5E 5K K/INA 266 bp HE 2464
YIER, FrLA pPICZo/pPIC60 3/ i%4) 14 HY 322 bp K/
B R B, BT SNC2 F Bt K/INA 348 bp, SSO2
F /Ny 888 bp, Jir LRIk #fk pPICZ-SNC2 .
pPICZ-SSO2 FlI pPIC6-SSO2 4 H ity K /N3l
4670 bp, 1210 bp Al 1210 bp M B

2.3 ERKFEHE N SNAREs 37 PI RiABY 200
Pk CLO12 . CL0121 . CLO122 F1 CLO123

ZHEEEST 9% h 5, R\ LWE®R, #H17
Tricine-SDS-PAGE (/& 4A) #1 RP-HPLC., H:
CLO12 [& BRAE o BT BR , A& B0 BECTAT Bk
CLO12 Wyr=H>h 1.53 mg/L, Kk CLOI121,

CLO0122 #1 CLO123 #y & 43 K 1.58 mg/L.

1.89 mg/L #12.21 mg/L, HXFIEE#E CLO12 42
BT 3.27%. 23.53%F 44.44% (& 4B). Btk
CLO12 4778 J1 4 0.015 mg/(L-h), CLO121.

CLO0122 1 CLO123 FLERES 15310 0.016 mg/(L+h) |
0.019 mg/(L-h) A1 0.023 mg/(L-h) (& 4C), X}
PR CLOI2 #2755 T 6.67%.26.67%7F1 53.33%.

24 SEEABEKER

B 82 Mg
PEHCE 41 e JR R CLO12, CLO121,

CLO0122 #1 CLO123 7E 5 L A MBFHE - LAH 0 Aok

RSN ARE, 20 b HHIRFER, AkgER

il SNAREs ¥t PI &i&
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Asull  Xba 1

5'AOX1

Asull SNC2

Asull Xba 1

5'AOX1

B
bp bp
10 000
4 000
2 000 2200
1210
1 000 927
500 670
250

3 4 SNAREs HEHEEFREET UM E
Fig. 3

Xba |

Asull Xba I

5'AOX1

AsuIlS 7
SO
Blasticidin _
Xba |
Xba 1

Asull

5'AOX1

Blasticidin

Construction of the recombinant P. pastoris with SNAREs. (A) The construction of recombinant plasmid. (B)

Confirmation of recombinant P. pastoris (CL012) with SNAREs. M: DNA DL10000 marker; 1: CL0122; 2: CL0121;

3: CLO123.

JH 6 h, R EBEAR T = JE FYLERE K 2 h,
SR TN B BT G 5 S 5, IR 4ERERR SR W
HEE Iy 2 g/L, ILiFES 96 ho KM Fig it
1T Tricine-SDS-PAGE 43#7 (Bl 5), =% ¥ K%
BHRE 6 PR, MXKEBESEOTEI DY

4, H CcLo12 EXTREGEE, 4505 1
5 L ORERE L T B R, WY 96 h

®: 010-64807509

JE Bk CLO12 Y ODgoo 15 %) 567, H1EZ755 96 h
JEEkE CLO121., CLO0122 1 CL0123 Y ODgoo
435 502, 460 F1 470, FLBEKE CLO12 43 BIRE
T 12.95%. 23.26%F1 20.64% (1Kl 6A), *fRAE
¥k CLO12 A=~ 53 mg/L, Hitk CLO121 ,CL0122
Fl CLO123 (/#5351 54 mg/L. 64 mg/L F
78 mg/L (K 6B), LXIHETEKE CLO12 #& T
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kDa M 1 2 3 4

27.0 —

20.0 —

14.4 —
9.5 —

6.5 —

4.1 —' ‘

257

— .<— PI (6.7 kDa)
ﬂ,

20+

15}
1.0 +
0.5+
0.0

CL012  CL0121 CLO122
Strains

CLO121 CLO0122
Strains
Bl 4 $E#KFHN SNAREs 3 PI FiLEHI# M
Fig. 4 Analysis of the effect of SNAREs on PI after
shake-flake induction for 96 h. (A) Tricine-SDS-PAGE
analysis of the effect of SNAREs on PI. (B) The yield
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Table 4 Comparison of cell growth and insulin precursor formation of different recombinant strain

Parameters Strain
CLO012 CLO0121 CLO0122 CL0123
Initial DCW (g/L) 26.77 34.73 28.22 34.19
Average methanol concentration (g/L) 2.00 2.00 2.00 2.00
Final DCW (g/L) 102.57 90.81 85.02 83.21
Maximum insulin precusor (mg/L) 53.00 54.00 64.00 78.00
Total consumed methanol (g/L) 320.00 327.00 356.00 382.00
Yield of DCW on methanol (g/g) 0.32 0.28 0.24 0.22
Yield of insulin precursor on methanol (mg/g) 0.17 0.17 0.18 0.20
Insulin precusor productivity (mg/(L-h)) 0.43 0.43 0.52 0.63
Culture time (h) 124.00 124.00 124.00 124.00

1.89%. 20.75%1 47.17%. 5 L KB -7
WEREE, CLOI2 B ODgo iK% 567, 7 &N
53 mg/L, REMAKTH 34.64 £, CLO121,
CLO0122 1 CLO123 Ay b )™ & 43 il 2 FE K P
) 34.18 ff% . 33.86 5 F1 35.29 fi5. mHE K
A DK R B B T R (2 3, 1 5 A
=it . 5 LR EEREM K e W2 124 h, XTHE
PRIk CLO12 B0 B[] A A= ™ Jile & 28 i A 1) A=
S0 0.43 mg/(L-h), Htk CLO121 B4 7= fig
142 0.43 mg/(L-h), CL0122 #1 CLO123 {4
e J143 54 0.52 mg/(L-h)#l 0.63 mg/(L-h), FLX}
HE PR CLO12 #8751 T 20.93%F01 46.51%.
3

BB R B 208 R 40 B 2 S — b L A R
EARBRG, BT oWBENRIIREURZ
SMEE TR, NREA SOE i 2 AR,
ASciE itk SNAREs FFRI4Lr SNC2 Fi
SSO2 A B AT LAKE I H i 25 1M e R 44 5] 4
JiL T RS A 3 A, BN H B LAY A3 . AR ST
JiE S Z iR (P 1WA 1, 5% SNARES
58 R B v 41 S D B 11 DA R R A ) 24 i

®: 010-64807509

Jo I 3z B VE . SNARESs 18 1o A H: 4 Bh 2 A
SM M HAEH, SM % 1454 % t-SNARE # % fiph
X s, fit ¥ t-SNARE Fliz k4230 [ /) v-SNARE
24, t-SNARE Hll v-SNARE 454 Ja 235 )
RIS, FERREE RO A fL, RIEEMEN
MRk, e 5 L R BERE L kR SNC2 A]
PIE PI AP~ 4R 20.75%, [RIAF PI A4 AR 7= fig
JTIEIN T 20.93%, BiHIFEIE SNC2 A LIfid it
[ S R AT IR Z R, A SNC2 A G DI
HE B A ER A i R A E A1 5 JEE ) 3 AV
AH—% ., ek SSO2 XF PI = Hk A 520,
AN BEARE T B 22 14 R K 3R A DA vy % R A 3] 24 i
JoT BRI 32 i o (R [R] B H 3k SNC2 #1 SSO2 #]
DLt — 548 o e i R - &, PL Ay
$EE 47.17%, X PL WA= RE 14 46.51%.

SNC2 J& T v-SNARE, SSO2 J& T t-SNARE, i
B SNC2 F1 SSO2 ZEfE ik PI FHe v £ v 11z
i AR, KR LR AR AT L
HE— (R E R B R AT RS, B2 S R T
KB =, & AR Z 45 A S XA b ]
VEF, s« 422 B PDI I Erol 22 8] (b RIE
FHH K 55 B A AL W B R BERE 3 5 2.62 %,
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