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By = ARAT
L1.2 EFZRFHAMAIF: WA EN DB Sacl.
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MR A &AWk E N e R A &, Lyticase,
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AR TR W) W RE A AR R, R
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WA BB 19 5 4 12 % TL X Gene Pulser,
Bio—rad; Jii i {X ultrafleXtreme, Bruker; Diode Array
Bio Photometer U-0080D #% g ¥k & i %€ 1, HITACHI
NS LORERE, bl 5% .
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1.3 FHEFBRIGHHE
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1.4 FHEFBEREFYHERNSYRETE
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R % (MALDI-TOF-TOF) 48 2% ¥4k 1%, 347 H bx
HE MY e, Horp— g4 i MS KA RP 700 -
3500 AbFHE J5 ¥k, T 9% il MS-MS S LIFT 4k 3 J5
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— e AL DL H 0 H R R A T B R A A
HIH Sacl 2tk AL 1K) pPICZoAP X I 1 L e AL, 4%
AR IR B YRR A B Rk B (1000 pg/mL) zeocin [f)
YPDS P # F,30°C K577 3 =5 d, R K 0 3 % 15 IR
R T 0 M R FE zeocin (1) YPD P4 b, IF DU &
RO B, DL UK I O 4l 4k 1 4% 1 £ 4 D1 41 R
1.6 ZE= PCRE IP EE#% N

e BT YPD, 30°C 8% 95 45 0 B, 4R 4
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T 422 FRDRE R D) A 4 R0 3 U I AT A . ]
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10 pmol /LiF 0] 5 5 7] 51 45> 2 L Jgokn Cofil 4 b v it
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1. €2 PCR 3| F7

Table 1. Primer sequence for quantitative PCR

Gene Accession No. Primer Sequence (5°—37) Amplicon size/bp
IPF CATTTGGTTGAGGCTTTGTATCTG
P Synthetic gene 139
IPR CGCTTAGTTGCAGTAGTTCTC
GAP-F ATGACCGCCACTCAAAAGAC
GAP U62648 98
GAPR GCACCAGTGGAAGATGGAAT
ACTF AGTGTTCCCATCGGTCGTAG
ACT AF216956 181
ACTR GGTGTGGTGCCAGATCTTTT

1.7 BHEREBEXFEFRKENE

HUZ9 1 x 107 AN B B 410 o T B o o, 4R 1 1
HEE T Trizol $2 UG RNA {3 B BEAT 52 % 9 B 2
RNA (5 H— L& HEA S RNA & 5 2547 e e
3% 1% iScript ¢cDNA Synthesis Kit #7748 R 347, B :
5 X iScript reaction mix 4 pL, iScript reverse
transcriptase 1 L, RNA F A HR 45 H o B ok g /R FR7
i, UL nucleasefree water #h & 20 pL; W 41 4
25°C 5 min,42°C 30 min,85°C 5 min.

Ll ACT-F.ACT-R il IP-F.IPR K54 (% 1) ¥
1T QPCR, x W #% H iTaq Universal SYBR Green
Supermix #f %% & R AT, B120 pLAA& & 40 45: 10 pL
2 x SYBR Premix Ex Tag, 1 L 10 wmol/LIE [ 5 &
) 5149),2 pl cDNA B, 6 WLk ; e W 4 1H] 1. 6.
TR cDNA BUBRE A 3 AP A7 A 22 (1 — %
FEAC S RNA [ RE2 7229 G ACT 11 9 2 3%
) AT LR 43 W
1.8 EHEFEBENSEELE

1l mLH WA W 1100 mL YPD/500 mL = ff
JE P, 220 r/min,30°C 5% 5524 h, R J5 L 10% B p &
PN FI2 L BSM 8 5 /5 L b b 47 K %, ] 30%
SOKYESRF pH 5.5, U MFE R 5 v A BEAR LT, T
G H il (F R AR T 10% ) 56 hs sk £
TR I YU A2 h s, T 46 o0 R, JF i
o ] G A0 G i B R R IR B AE2 ¢/ Lo

i B 2% AR L AR E < R VR T 12000 x g
0010 min, BUE 35 0. 45 pum (1 350 L 38 3 38 )5 F
AW A BE 4T 9 Hr. M ] Thermo UltiMate 3000
system, {4 % #¥: & Vydac Grace C (4.6 x250 mm) &,
WAL, AR 30°C, A I K214 nm, BEAE H20 WL, R
FRR FEDE e EAT 20 s W40 A D4 0. 1% TFA JK, B
K 0.1% TFA £ Jiif, B 4 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 FiR I

2.1 EHEFBENME

BE LB AR & LB ~P AR H 1 B 3%, B 57A0X1
H37AO0X1 51 34T W V& PCR, &5 5 o B PE o
B4t 800 bp B Bt ifif LA 25 # 4k pPICZa fF by X
T4 588 bp F Bt (B 1-A) , 5 HL R AH —
R H A CIERE R pPICZa 4K L, &0 7
500 UF 3 25 AR (1 5] 152 HE 1E 4

PA Sacl ZePEA ¥ 22 18 Bk pPICZadP H % 41 B
FREERE X33, 7E &4 100 pg/mL zeocin ] YPD #i %
SRR EAE K 16 AN TE TR . B IX S VE ORI T
FH TRV I P P A b, 3 — 20 S0 21 14 ST BE
Horp 8 Bk (S1.S3.85.86.B3.B4.B6.B7) K #4%
I (B 1-B) o Xf 8 PR ¥ 2 R 41 PCR 36 4iF (& 1-
C), % LT ¥k S3.S5.56 F1 B4.B6.B7 ¥y ¥ 1 i
2.2 kb (WE4 4k Al K2 R) F1800 bp (%3 # 44 L H 1
Jr B R B ik BB R 4 1 2.2 kb #1588 bp
(AR L HB B X — 4R KL L6 bk
Jee A6 S B T 11 T A HE R I B

¥ 6 kAL ARmE RE AR5 R 9296 h)E,
W 25 B B B VR FE Y 1 W HE AT Tricine-SDS-
PAGE & [ HiUk» &I 6 BRI 757 kDafff 35 30 H
B 451 5 106 X33 1 S0 #4 & L H bs 4 (K] 2
A) W IN TP R A3 Rk . 7Rk R Al b, o H bR &
HEREAT — 25 A W (& 2-B) 5 3k BUAS 5 9 A
() 2601. 571 F1 3442. 072 W A Bk B 4T — % i it 5
& Mascot ¥4 Fie, 43 7 45 R 2 7R 2601. 571 ik Bk
5O E 2 B 8 FVNQHLCGSHLVEALYLVCGER
FRBLUCH (& 2-C) , Mascot 48 R 45 2 W, http: / /www.
matrixscience. com/cgi/master _results. pl? file =. ./
data /20120703 /FtGmIfELE. dat, 3 8] H ¥ 4% 5 J& Ak
By 2 [0 A4 AUk W) TP 7 B2 SR B v g T SE BRI
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Figure 1. Construction of recombinant yeast. A: Identification of expression vector by colony PCR using 5°AO0X1 and 3"AOXI1 primers , lane 0 is PCR

product from DH5a colony transformed with pPICZa, as a control; lane 1 is a selected clone randomly from low-salt LB plate; M, DNA Marker

DL10000; B: The selection of transformants on YPD plate containing 100 wg/mL zeocin. C: Confirmation of recombinant yeast; M, DNA DL10000

marker; SO is X33 integrated with pPICZa, as a control, others are selected transformants.
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: Mammalia (mammals) (1063667 sequences)

: Error tolerant search of all significant protein hits

1 3 Jul 2012 at 08:04:28 GMT

: gi|32171956 RecName: Full=Insulin; Contains: RecName: Full=Insulin B chain; Contains: RecName:

Full=Insulin A chain

gi|69307 insulin - elephant
gil61680182 Chain B, Structural Properties Of The B25tyr-Nme-B26phe Insulin Mutant.
gi|157884217 Chain B, Structure Of Insulin. Results Of Joint Neutron And X-Ray Refinement

2. EAREFBRERAFYHAENSYMREE

Figure 2. Test and identification of recombinant protein. A: Tricine-SDS-PAGE analysis of recombinant yeast culture supernatant at 82 h; M,

protein marker; X-33 is original yeast and SO is X33 integrated with pPICZa, both as controls; others are induced positive transformants. B: MS

spectrogram analysis of target band. C: Refine result by searching NCBI data base after MS-MS spectrogram.

2.2 ZENEAERBIMNG &5 1000 pg/mL zeocin [f) YPDS P4 I 55 7% 5 3k 13 11

M6 BRE ORI H 1B AR A R 1 B4 R ANBET RIS S 3RS 9 MRAE K AT W] A B
S6 15 by K W5 LA Sacl ZEPEAL K R IK F Ak pPICZa—  MOTA B (181 3) » AT K4 22 L AT 2 5 DI o 41 HE R i
IP o HL gt A7 2 B A, v An B R R N S
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3. 1000 pg/mL zeocin YPDS iy i i£ &5 R
Figure 3. The selection of transformants on 1000 pg/mL zeocin
YPDS plate, start strain S6 and B4 are controls, others are screened

recombinant strains.

2.3 FHFEEFREEE IP EEE NN E

GAP (3 1% T ity 1 ot S0 1 ik DR1) 1 e Bk 56 1A
b UK 1, vk SRy D 2H 5ROl 1 B TR
YL H 3 RS 45 LB GAP 4% UL Lo, #)
st R IR 4% DU o 5 X pMD19-GAP A
AR B AR pPICZa AP BEAT 2 5 F6RE, T 3K 154 H 1
FHOIP RN 2 5 GAP 1 dr o i & (R* =
0.9996) , 41 & 4 Frzn. XF M 100 pg/mL FI 1000
pg/mL zeocin it P ¥ #x b 0 & 1) 16 # & 24T 5 U
g e, s KR EHA LWL Y
zeocin PP FEAH O, zeocin TP W FE Bk =y, 41 B
IR T BE i H 5 DR 4 LB i (3R 2) o 7E B Al

30
28 |
26 |
24

—=— GAP
—— 1P

y=-3.102x+ 40312
r?=0.9996
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[}
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y=-3.054x +39.337
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Figure. 4. Standard curves for target gene IP and internal reference gene
GAP, each standard dilution was amplified by quantitative PCR, using
IP and GAP primer pairs in triplicate. For each gene, Ct value was
plotted against the logarithm of their initial copy numbers. The standard

curve was then generated by linear regression through these points.

LB B4 R S6 O R 1 17 T A2 LB 5 3K A
(1 2 41 R I RE 1R H R 2 DR DL L R R AR
W 2 5 v o
2. FREIRE zeocin 4R £ & #R#% MEC 2
Table 2. Copy number summary of each strain

on different concentration zeocin plate

100 pg/mL zeocin 1000 pg/mL zeocin

Strain Copy Strain Copy Strain Copy
B4 3.2 2B1 5.8 251 4.4
B6 1.6 2B2 6.1 282 4.2
B7 1.4 2B3 5.7 283 6.1
S3 2.1 2B4 7.2 254 5.3
S5 2.3 2B5 5.5 285 6.4
S6 3.6
2.4 ENPMEHREFEGITIERERDRAE
R

EHE 4L e R RE BT (35 D% 1. 4) A1 2B4 (#
DT, 2) 765 LAmedE b DLH b B U5 E AT 2 dik A
BER 24 hH s FEIL, 4k 290 I H 6 h,4 h)5 34
BESR T P UL AR T K2 h S Ui YR O 46 15 9 B
I I AEFE R IR W0 R B A2 g/ L, 3595 596 he
S5 R NS s, AHOC R WS Bk O B 45 T3k 3.
gi R (1) A8 H AR KB B (0 -36 h) , Bk B7
F2B4 & T H AR [R] ) 4 AR A K R RN B A AR
(2) HEN WG S 0BG B bR 2B4 3& VTR 4L
18, XU A K18, H24 b 40 i 4 Kok, 24
7596 h (132 h) I, 15 1 bk BT (¥ B 4494 J& AH
2 (3) HRK2B4 1 TP o R WAk BT 19 2.7 £%, 1P
AP EEAC B bR BT $2 75 T 171.35% , IP X% HT i =

—.— 0Dy, of 2B4 strain —0— 0D, of B7 strain
_—— TP of B7 strain —— TP of 2B4 strain
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Figure 5. High cell-density fermentation of low and high copy

recombinant yeast. B7 transformant (low copy recombinant yeast) .

2B4 transformant (high copy recombinant yeast) .
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LI RE BT 0 T 57.56% , 1M 1 4 56k I A0 45
HKLILHRE BT FRAK T 44.85% o LR &5 KW, i #%
UUH) 2B4 5G4 UL BT AT R, F I 0 FE 19 hn i 78
gr e ARG S 22 10 TP, A A0 Y 2 T A B A

KWL RE A A0 A A A D0 I R 32 BB I R
W B i AL B iR R R 0 IR 9 DL REAT AL
b 5 U5 B B T A 8RR R D PR I A 7 H R )

&b
Ae JJ o

x3. HRFSMBEEHEEFRBSMABERKNIP WEHRIER

Table 3. Comparision of cell growth and insulin

precusor formation of two recombinant strains

Parameters Strain Change (%)
B7 (A) 2B4 (B) (B/A) x100

Initial DCW (g/L) 42 43.8 4.28
Average methanol concentration (g/L) 2 2 -
Final DCW (g/L) 130.8 128.2 -1.99
Maximum insulin precusor (mg/L) 140 380 171.43
Total consumed methanol (g/L) 203. 4 350.7 72.42
Yield of DCW on methanol (g/g) 0.437 0.241 —44.85
Yield of insulin precusor on methanol (mg/g) 0. 688 1.084 57.56
Insulin precusor productivity (mg/L/h) 1.061 2.879 171.35
Culture time (h) 132 132 -

2.5 HHEEFERKFRIEBE LK (A) [N 57 NN 234 W X-33-pPICZc

W) 23 A IS 23 0 LA BT R BR R R 5 3 4872 1
96 h 1) ¥ 3 K OV S X B X N 4r BT 2B4 BBk
755 4872 196 h [¥] AH Xf e 5% K F, H b X33-
pPICZao 52 WL AL T 2% B Ak pPICZa 1) T 20 B R %
RE, DAS 37 9 8 25 i 44 3 DR, 0AH X 5 SRk o &
I 22 R 27 A g Ry k2R o B NI 6 T
DA HY AN R 00 By B (5 5 48596 h) , 2B4 1) #%
SRSk BT 1) 2 4%, b5 v % B R T h 2B4 1) i
R BT 2.7 A B0 R W0 H AR R
I T R K BN e A 3E N T H bR I
P, UG B E AR R, BB
DAL 2 18 m F 7 25 R 5 DL 0mT DL 3 o JL 3 5K

3 itig

R A SR i, 190 H AR DR DR AT AR
mHAREAREERER " H T
L 2H 1 BE I A B A8 DL T A R 0 T AR KR
I R MBI R R38R pPICZace AR 1M A 3K —
PN TE BARAE AR SN K 3t 2 $5 DL TR 2 BE ORI B
I A DLAE R B A REAT Se Mt o A TR X — el e
AV NI A U A2 G T3 7 O P N O
100 pg/mL zeocin HJ YPDS $t#4: *F # i i 1 « Hoid &
FIE 1P [ E ALk B4 F1S6 Jy th K Ak B H Sacl
NVEA ) R IE B AR pPICZa AP X I & HLHe b, JF

30

Relative transcription level

t'h

E

Relative transcription level

05+

0.0
48 T2

t'h

96

B 6 SiRENEHREFRBGNFERKTLILER
Figure 6. Transcription level comparision of B7, 2B4 and X33-
pPICZq strains. A: Transcription analysis by 2 =22 method;

B: Transcription analysis by 22 method.

fE1000 pg/mL zeocin [ YPDS “F-#x I i i% 3k 15 #% N
BN 7.2 WAL EE SRR 2B4, % R AR AES Lk W
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Ry A R P DUECh 1.4 [ E K BT Y
2.7 {5 R R R T 171.35% T Hs A R KR
s S 5 E PCR RS P 45 AL % B, 2B4 T Bk H 10 2k
DRt /KPR BT M9 T 1 f% . ZRiR 85 R, R
JFH 0Pk 0 36 R0 TR F 6 AH 45 G 1Y SR N BE A U R v
FI I J5 DR 5 D050, 308 49 o 7 2 TR 1) % SR K-
AP HARE A7 B A6 LURT I BE 9T, 3K 43
Z ¥ U1 21 5 R IR BE (V) SR e Rk B — Pk R AL
Yo R I BE IS SR F0PE P AR HEAT 0 7 X — 4R R
FEWG (1) 22 8 DUE 41 Be SR BE I I MR %Al 1% -
10% o by 345 v ¥ DU 5 41 bk 8 5 T 2Pk E R
nJ B8 2 10 B VR R RO S 50 AT 50 0F, 3 80T AR
W BORAC . A SCHR P O Ok R R A
G A 1w 5 20 B0 1B VR AR EE RE 3 R kA
re 5 DUTE 41 B8 BRI 2%, U L& 4 #) i pPICZ
M1 pPICZa~ pPIC6 HI pPIC6a 25 /N T} 35 44 ) £ 4 I
AL SRR BT X AR c-mye BT R R AT R
C K 3 polyhistidine #5 %5, H 4 & 41 Wi #k 40 i % )i
R~ TR ARG WU PR R S S Sk T A 2
AR SCHE AT H M B 1 — D KA R B R A T
L 1 N Y

Z 2 3LHR
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Enhancement of human insulin precursor production by
increasing the copy number in Pichia pastoris

. . 2,3 . 2,3 e < 2,3 . 1,3%
Xiangyi Gong™”, Chongyang Ding™", Liming Liu"~", Jing Wu
'"Wuxi Medical School;’State Key Laboratory of Food Science and Technology; ‘Key Laboratory of Industrial
Biotechnology, Ministry of Education; Jiangnan University, Wuxi 214122, China

Abstract: [Objective] The aim of this study was to further increase the yield of insulin precursor by Pichia pastoris.
[Methods] For this, we transformed the expression vector pPICZa-P into P. pastoris X33 using electroporation and
screened two mutant strains B4 and S6 on the YPD plate containing 100 pwg/mL zeocin. Both could overexpress human
insulin precursor. Taking B4 and S6 as start strains, we repeatedly transformed Sacl linearizing pPICZa-P into P. pastoris
X33 by electroporation; then screened a new mutant strain 2B4 (with 7 copies) on the 1000 wg/mL zeocin YPD plate.
[Results] After cultivation, the human insulin precursor yield of 2B4 strain was 2.7 fold higher than that of B7.
Meanwhile, the cell growth was not inhibited. The target gene transcription level of 2B4 was 2 fold higher than that of B7
by real-+time quantification PCR. [Conclusion] The strategy of combining resistance screening and repeated electroporation
was efficient to increase the copy number of target gene, so as to facilitate higher transcription level and enhance objective
recombinant protein yield.

Keywords: Multi-copy recombinant Pichia pastoris, insulin precursor, repeatedly electroporation, pPICZa vector
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