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BMMY pH 7.25 20°C 24h 0.5% VIV 3% VIV
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Hela

RNA ThermoScript™ RT-PCR kit

hTopo I ORF Primer B 5" ATAGGTAC-
CTTACTAAAACTCATAGTCTTCATCAGC 3" Kpn |

hTopo I mRNA hTo-

pol cDNA hTopol ORF

Primer A 5" ATAGAATTCATGAGTGGGGAC-

CACCTCCAC 3’ EcoR | Primer B

PCR hTopo I ORF 2295bp
GenBank Accession No. J03250 ¢

PCR 94C 5 min 94°C 30s—>56C
40s—>72°C 2min 30 cycles 72C 10min
hTopo I ORF PCR
pPICZaA  EcoRL  Kpnl ORF
pPICZoA pPICZa-hTopol
1.2.2 hTopo |
pPICZa-hTopol Sac 1
SMD1168 X33 KM71
pPICZa-hTopol hTopo |
zeocin zeocin
7e0-
cin zeocin zeocin
zeocin
zeocin hTopo [
zeocin
o 1000pg/mL
zeocin  YPDS SMD-hTopol X33-
hTopol KM-hTopol hTopo | a-factor
Mut*
BMGY 1% W/V yeast extract
2% W/V typtone 1.34%  W/V  yeast nitrogen
base YNB 4x107°% W/V biotin 1% VIV
glycerol and 100 mmol - L' potassium phosphate
pH6.0 30°C 250 r min~' ODg, 2~6
Smin 4
BMMY 1% W/V yeast extract 2% W/V tryp-
tone 1.34% W/V YNB 4x107°% W/V biotin
0.5% VIV methanol and 100 mmol' L' potassium
phosphate pH 4
250 r/min hTopo [ 24h

Mut®
BMGY pH6.0 30°C 250 r/min
ODgyy, 2~6

1/4 BMMY

Smin

1.2.3 PCR
EasySlect™ Pichia Expression Kit Invitro-

gen USA  PCR hTopo |
ORF  Primer A B P. pastoris AOX1
primer 5' GACTGGTTCCAATTGACAAGC 3’
primer 5 GCAAATGGCATTCTGACATCC 3’
1.2.4

20pL. hTopo | 35mmol/L. Tris. HCI
pH7.5 50 mmol/L KCI 5 mmol/L MgCl, 1 mmol/L
DTT 2 mmol/L spermidine 0.1 mmol/L. EDTA 50 pg/mlL

BSA 37°C 30min 0.5pg
pBR322 hTopo 1 1 u
20pL hTopo 4pL

5 x  175mmol/L Tris. HCl pH7.5 250
mmol/L. KCI 25 mmol/LL MgClL, 5 mmol/L. DTT 10
0.5 mmol/L. EDTA 250 pg/mlL
pBR322
plL A" 37C 30min
4ul. hTopo | 6x 3% VIV
SDS  60mmol/LL EDTA 50% V/V glycerol 0.25%
W/V  bromphenol blue 1% 0.5 x
TBE 1.5~4V/em 2 ~ 8h
0.5%
30 min
pBR322
B

mmol/L. spermidine

BSA  0.5pg

30 min
0.5pg

B/A x10* u/mL
1.2.5 SDS-PAGE
Western blot 16
hTopo [ SDS-PAGE
Bradford 7

SDS-PAGE

western blot

2.1 PCR
1000pg/mL zeocin ~ YPDS
SMD-hTopol X33-hTopol KM-hTopol
YPD 10
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PCR 2 AOX1 SMD-hTopol X33-hTopol KM-hTopol 5
}7 2 6kb 4‘ KM-hTopol Mut® SMD-hTopol X33-
i hTopol Mut * BMMY
AOXI sense
Primer pH6.0 30°C 250 r/min 24h 0.5%
hTopo I ORF }— ViV
AOX1 -
Promotor AOX1 antisense
Primer 72h
1 hTopo 1
Fig.1 The expression cassette of hTopo I in the 1
genome of the recombinant P. pastoris .
e SMD-hTopol X33-hTopol KM-
hTopol 3 X33-hTopol 72h
A 1pL
. 12<l; 0.5pg pBR322
s B 4 41 x
- 10° = 4000u/mL.
—10
1 hTopo [

2 PCR
Fig.2 PCR analysis of genomes of recombinant P. pastoris
1 4 8 the genomes of KM-hTopol X33-hTopol and SMD-hTopol was

analysized by using the AOX1 primers respectively 3 9 the genomes of
X33 and SMD1168 was analysized by using the AOX1 primers respec-
tively 2 5 7 the genomes of KM-hTopol X33-hTopol and SMD-hTopol

was analysized by using the hTopo I primers respectively

lane 1 hTopo |
300bp  «
KM-hTopol

BamH [

KM-hTopol
ORF 2.3kb
2.6 kb
AOX1
Sal 1 ARG4
EasySlect™ Pichia Expression Kit
ARG4
X33-hTopol
2.6 kb
AOX1
AOX1 X33
lane3 9 AOX1
KM-hTopol
lane2 5 7
hTopo [

2.1kb
2 kb
Invitrogen USA
aoxl
SMD-hTopol
hTopo [

AOX1
lane 4 8

MD1168

hTopo [ X33-hTopol

SMD-hTopol

hTopo I ORF
KM71 X33  MDI1168

2.2 hTopo |

1000pg/mL zeocin YPDS

Table 1 The hTopo | activities uw/mL in the supernatant
fermented by three types of recombinants after 72h induction

Number of strain 1# 2# 3# 4# S#

KM-hTopol 1000 1000 1300 800 800
X33-hTopol 3200 3200 4000 2700 3200
SMD-hTopol 5300 5300 6400 6400 5300

Relaxed/nicked form

Supercoiling form

3 X33-hTopol
hTopo 1 DNA
Fig.3  The relaxing activity of hTopo I in the culture
supernatant of one strain of X33-hTopol

1 20pL of the hTopo I reaction system contained 35mmol/L Tris. HCI
pH7.5 50 mmol/L KCl 5 mmol/LL MgCl, 1 mmol/L DTT 2mmol/L
spermidine 0.1 mmol/L EDTA 50 pg /mL BSA and 0. 5pug supercoiled
pBR322 with 1L culture supernatant of X33-hTopol 2 ~5 same as lane
1 but with 1pL of the 1:2 1:4 1:8 and 1:16 diluted culture superna-
tant of X33-hTopol respectively 6 same as lane 1 but with 2pL cul-
ture supernatant of X33 transformed with pPICZaA 7 same as lane 1
but without any supernatant. The enzyme activity in the supernatant of

X33-hTopol was 4000 u /mL
2.3 SMD-hTopol

SMD-hTopol
2.3.1 SMD-hTopol BMMY
pH6.0 30°C 24h 0.5% 1% VIV
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2.3.2 pH pH 4.0 5.0 6.0 7.0
BMMY 30°C 24k 0.5% VIV
BMMY pH4.0
pH 7.0 BMMY 72h
50 6.0
72h

pH 6.5 6.75 7.0

7.25 7.5 BMMY
4  72h

pH7.25

pH7 ~7.5

20000
—e— pH6.5

15000 —m— pH6.75
—aA— pH7.0
—3¢—pH725

—%—pH75

10000

5000

Enzyme activity/(w/mL)

0

24 48 72 96 120
Induction time/h

SMD-hTopol hTopo I
Fig.4 The effect of pH on the expression
of hTopo I by SMD-hTopol

4 pH

2.3.3 BMMY pH 7.25 24h
0.5% VIV 15°C 20°C 25°C 30C
5
72h 15°C 20C
32000u/mL
= 35000
£ 30000 —— 15C
:\:; 25000 —m— 20°C
E 20000 .
g 15000 —&— 25C
é 10000 —¢— 30C
S 5000
Lu 1 1 1 1 1
0 24 48 72 9 120
Induction time/h
5 SMD-hTopol hTopo 1

Fig.5 The effect of temperature on the expression

of hTopo I by SMD-hTopol

2.3.4 BMMY pH 7.25
24h 0.5% VIV 3% VIV
10% WI/V vyeast extract 20% W/V tryptone

20°C 72h
hTopo |
72h 26000u/mL

43000u/mL
2.3.5 24h

1%
hTopo [

2.4 SDS-PAGE  Western blot

SMD-hTopol 10% SDS-PAGE
91kD 6B
hTopo | hTopo |
6A SMD1168
SMD-hTopol hTopo
1
hTopo | 91kD 6B  Lane 3
7 hTopo 1
10% 11 mg/L
A B 3 2 1
kD
97.4 —
662 —
30—
30—
20.1—
14.4—

6 SMD-hTopol SDS-PAGE
Fig.6 Western blot A and Silver-staining B analysis

western blot

of the culture supernatant of SMD-hTopol
1 protein markers 2 the culture supernatant of SMD1168 transformed
with pPICZoA 3 the culture supernatant of SMD-hTopol. Lane 1 in A
the lane in nitrocellulose membrane was cut down and stained in Ponceau

S alone and immediately photographed with the immunoblotted membrane

hTopo I
0.400 ~ —— 0.400
0.000 — — 0.000
-0.200 — | T T T L—
38.0 i 50.0 P950

7 SMD-hTopol SDS-PAGE
Fig.7  Densitometric analysis of SDS-PAGE of the culture
supernatant of SMD-hTopol at 72h after induction
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Vacu-
ole 3
A B Y A PEP4
B PRBI
50% A
Y A
18
SMD-hTopol A
A Y
B hTopo 1
SMD-hTopol ~ hTopo |
KM-hTopol ~ X33-hTopol

EasySlect™ Pichia Expression Kit  In-

vitrogen USA SMD-hTopol
hTopo |
25 ~ 30°C
hTopo | 15C
20C 15C  20C
3 25°C 30%C
hTopo [ a-factor
N
nuclear localization signals NLSs %
hTopo [ "
DNA I P . pastoris
DNA topoisomerase | hTopo [
SMD-
hTopol
BMMY pH 7.25 20C
24h 0.5% 3% SMD-hTopol
72h
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Optimization of the Expression of Human DNA Topoisomerase | in Pichia pastoris

YANG Guo-Wu' > YUAN Bao-Hong' Ho Kwok-Ping' DAI Xin'  LIN Yong-Cheng® ZHOU Shi-Ning'*
' Department of Biochemistry ~School of Life Sciences ZhongShan — Sun Yat-sen  University ~GuangZhou 510275  China
2 Shenzhen Academy of Metrology and Quality Inspection ~ Shenzhen 518055  China
3 School of Chemisiry and Chemical Engineering Zhongshan Sun Yat-sen  University ~China
* Department of Applied Biology and Chemical Technology —Hongkong Polytechnic University ~Hongkong — China

Abstract Human DNA Topoisomerase I hTopo I  has been identified to be an efficient target of many effective antitumor
drugs. Natural hTopo I is not convenient to be used in screening because of its low concentration in cells. In order to fast screen
new anticancer drugs targeting at hTopo I from natural compounds in vitro hTopo [ gene open reading frame ORF has been
successfully cloned and overexpressed in Pichia pastoris . Total RNA extracted from Hela cells was reversely transcripted to syn-
thesize cDNA with the hTopo I specific antisense primer and the hTopo [ ORF was synthesized by PCR. After digestion with
EcoR1 and Kpn1 the synthesized fragment was inserted into pPICZaA gave rise to pPICZa-hTopol. After digestion with Sac
I the lined pPICZa-hTopol was transformed into Pichia pastoris strains KM71 X33 and SMD1168 by electroporation and inte-
grated into their genome. After screened on YPDS plates containing 1000ug/ml zeocin  the high-copy recombinant strains

KM-hTopol  X33-hTopol and SMD-hTopol = could overexpress recombinant hTopo I which was fused to the a-factor secretion
signal and could be secreted into the supematant in the culture. a-factor could be cleaved from the expressed protein during se-
cretion. A higher activity amount of the enzyme was secreted by the particular strain SMD-hTopol because of its absence of prote-
imase A than by other strains which possess proteinase A activity. After optimizing the fermentation conditions a relatively higher
enzyme activity in the culture supernatant could be obtained when SMD-hTopol was induced in BUMY pH7.25 at 20°C  with
addition of 0.5% V/V methanol and 3% V/V nutrient liquid every 24h. The enzyme activity reached 43 000 u/mL the
yield reached 11 mg/L.  achieving approximate 10% of total protein in the culture supernatant. SDS-PAGE and Western blot
analyses showed that the mass of the recombinant hTopo I was 91kD with no glycosylation.

Key words human DNA topoisomerase | secretion expression optimization Pichia pastoris
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