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W OB RERA—MNEZNRELEY, BNEEZRATHAND D MHBRGRIR, Y RITEESA QR LE
M A AE % 15 GIcNS6S-GIcA-GIcNS6S3S-1d02S-GICNS6S WV, st diF MK F. X PR EFBIET —A AT
Bk IR, RELABMNEE R B LDFRG %, Bd i 3HARE BT X-2-REH
B (Heparan sulfate-Z-O-suIfotransferase, HS2ST). If % -6-#iB2 45 4% 8% (Heparan sulfate-6-O- sulfotransferase,
HS6ST). Af % -3-#i 8. 4% # 8% (Heparan sulfate-3-O-sulfotransferase, HS3ST) £ €40 K M AT B A & 40 22 7k 8%
Rk, AR THEABREEAIHAREBBHRAFE, #t—F@BiL N 5%1%?«/‘\51%*7%%&/6:\%9 MBP Fa#%
FL & TrxA, HS2ST #= HS6ST ¢4 B R A K-F 5542 5 £ (839+14) U/Lﬁw (792+23) U/L. i it 3 AP HLBR 454585 HS2ST.
HS6ST #= HS3ST L Rtk B AT &, Hiiskdis iab (76£2) IU/mg & 5 £ (189+17) IU/mg.,
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Abstract: Heparin is a very important anticoagulant drug. Currently, heparin is mainly extracted from porcine mucosa.
However, animal-derived heparin shows low anticoagulant activity due to the low proportion of the anticoagulant active unit,
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the GIcNS6S-GIcA-GIcNS6S3S-1do2S-GIcNS6S pentasaccharide. In this study we proposed an enzymatic strategy to sulfate
the animal-sourced heparin to increase the proportion of anticoagulant pentasaccharide and the anticoagulant activity. First,
three sulfotransferases HS2ST, HS6ST, and HS3ST were expressed tentatively in Escherichia coli and Pichia pastoris. After
measuring the sulfotransferase activity, we confirmed P. pastoris GS115 is the better host for sulfotransferases production.
Then, the maltose binding protein (MBP) and thioredoxin (TrxA) were fused separately to the N-terminal of
sulfotransferases to increase enzyme solubility. As a result, the yields of HS2ST and HS6ST were increased to (839+14) U/L
and (792+23) U/L, respectively. Subsequent sulfation of the animal-sourced heparin with the recombinant HS2ST,

HS6ST and HS3ST increased the anticoagulant activity from (76+2) 1U/mg to (189+17) 1U/mg.

Keywords: heparin, anticoagulant activity, sulfotransferase, Pichia pastoris, heterologous expression

W22 — KM A B R (Glucuronic acid,
GIcUA) Fll N- & Pt 24 5 7 % B (N-Acetyl-D-
glucosamine, GICNAc) £:B-1,4 flo-1,4 S
B, JFg— B 0 R AL A6 T A G 2
PEYA e A T AR, AU | 1
Sk, HA LK FHBEPREENEME. FR
B L B 45 # GIcNS6S-GlcA-GIcNS6S3S-1do2S-
GIcNS6S fE 5 22 2 1R & I Eg il 57 Antithrombin
(AT) Z54 . BUAE AT BYZ5H I IR I 0 e 4%
Ub, AR PR R R R IS M I 25 9
(@ 1)[5-6]O

LRI R 8 P 0 I 36 22 0 A /N 25 3 )
WA SR S 2], MR 2/3 3k IR A
ZIEERAL (NT 20 USP Uimg) A T E 252
JFF2 15 MRS A SR (120-180 U/mg)t). 33 /& H
THUEE I35 VR AE 254 BT o S S5 48 BT Y L]
1A 10%ZE 47180, 0 4540 R B R fh s i R Ak
TR AT o BRLASL BT ot (9 T L T 1 2P = B IR
i R 78 b R WS I 2= 25 2 5 5 /MR s 2 |
ARG ML P W, SR TR MR
A AG W1 2 3 AT LA A AR 8 FH 500 i 0 U e I R 1Y)
AU o

DR R A TR R A . &
VB 2% 5 25 ) 45 Tl ik P 1 R I 72 ) il L
KSEHHE AL R o (U BRI | R L Fu 250
UEBA 38 2o S5 R IR B 2R 3-O-Bi R % 7% il v] LA X
Wi 3 0 R 25 5 8 g FLT e o
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N T DA S IR R B R AR B L
KACHE MG, A 5EAEXT Sh PRI 2= 45
PEAT A3 M 2t B0 Sl AT R -2- B BR B B
fiff (Heparan sulfate 2-O-sulfotransferase, HS2ST), Af
R -6-MM R R it (Heparan sulfate 6-O- sulfotransferase,
HS6ST), M & -3-#i ik % # i (Heparan sulfate
3-O-sulfotransferase, HS3ST) 3 R fiti BRi4 # lil , 7
ST RSNE LA AL S IR I 2R, B R e I T
PE ) SR

1 MRE7E

1.1 E#¥5 R

ARSI BT 1Y BUORL A AR TE Escherichia coli
IM109 Hr AT, KW AT vR H 2H TR AR A Y S A T
Bk E. coli BL21, Bk 8 20 B bR A A A 1 K
Kk A Pichia pastoris GS115, 1% W5 1.

12 EHEE

B BRI HS2ST (NP_989812.1)
HS6ST (NP_989813.1) & % Rl ok J§ HS3ST
(NP_034604.1) % PCR #"¥iJ5 (W59 W%
2), BV S pET28a £ & 4] %k /& pET28a-
HS2ST. pET28a-HS6ST £l pET28a-HS3ST. ¥k
8T KA p e mlbr 2 2 2E Ml & & G
(Maltose binding protein, MBP) JL[X4: PCR 41
J5—4vil % pET28a-HS2ST ., pET28a-HS6ST 14
78 20 itk pET28a-MBP-HS2ST #1 pET28a-MBP-
HS6ST.
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Fig. 1  The anticoagulant mechanism of heparin.
Binding of the pentasaccharide to antithrombin causes a
conformational change in antithrombin that accelerates
its interaction with thrombin. In addition, catalysis of
antithrombin-mediated inactivation of thrombin requires
the formation of a ternary heparin-antithrombin-thrombin
complex.

P OUAR S AR R HS2ST . HS6ST M
2RO YE HS3ST 4 PCR ¥t )m, BEVI&EHERE
pPICOk #4 % i 1 #4A& pPICIK-HS2ST. pPICOK-
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HS6ST Al pPICOK-HS3ST. K A Ui T KM T o i)
MBP KA #F — i SIE B B AR M (TrxA) 3
K2 PCR Y )5, — & 5ilE 2 pPICIK-HS2ST Al
PPICIK-HS6ST #4 £ T 2 Jii ki pPICIK-MBP-
TrxA-HS2ST F1 pPICIK-MBP-TrxA -HS6ST.,

¥ pET RANM LR 42 CHPL 90 s #44k
E. coli BL21 #4 & fim IR % 7% il 1Y = 41 K A1 1A
E. coli BL21-pET28A-HS2ST . E. coli BL21-pET28A-
HS6ST . E. coli BL21-pET28A-HS3ST . E. coli BL21-
PET28A-MBP-HS2ST X E. coli BL21-pET28A-
MBP-HS6ST 4 .

¥ pPICOK R4 Ay E 2 A 25 Sal T Bgd) 4tk
1k J5 1 500 V HL%; P. pastoris GS115 ¥ i i 54 7%
fifg i) B 240 Be R g £ P. pastoris GS115-pPICIK-
HS2ST . P. pastoris GS115-pPIC9K-HS6ST
P. pastoris GS115-pPIC9K-HS3ST . P. pastoris
GS115-pPIC9K-MBP-TrxA-HS2ST J P. pastoris
GS115-pPICIK-MBP-TrxA-HS6ST.
1.3 EFHREHS

LB} 33t (g/L): BEEEFS 10, 2 1K 5, NaCl
5, HTRIGFREBEFR; TB R (0/L): Bk
¥y 24, |OAM 12, i 4 mL, KH,PO, 2.31,
KoHPO412.54, FH T KA AT I AR AR5 37 ; YPD
ARk (g/L): BERRRY 10, FEMAWR 20, #AHE 20,
FATEEIREERF R3S SR MD 53505 (g/L): 3k 20,
YNB 13.4, E¥IZK 4x107%, %k 20, FT 4L
TREEEEE LTI ; BMGY Ri3R3E (g/L): BEE
¥ 10, 1 20, KoHPO, 3, KH,PO, 11.8, YNB
13.4, EWE 4x107%, Hih 10 mL, FHFEAER
WEREARP T 55 5% s BMMY Ri3R5E (0/L): BERERY 10,
E M 20, KHPO, 3, KH,PO,11.8, YNB 13.4,
HEIEE 4x107, B 5 mL, T @41 AR R
SR o RIS TR SR AT T S
—EWERPUER: ZNER R 100 mg/L, RIBE
& 50 mg/L, RfEFEE 4 mg/mL &,
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Table 1 Plasmids and strains in this study

Name Description Source

Plasmids

pET28a Expression vector, kan® Lab stock
pET28a-HS2ST pET28a containing HS2ST This work
pET28a-HS6ST pET28a containing HS6ST This work
pET28a-HS3ST pET28a containing HS3ST This work
pET28a-MBP-HS2ST pET28a containing MBP and HS2ST This work
pET28a-MBP-HS6ST pET28a containing MBP and HS6ST This work
PPICOK Expression vector, kan®, AmpR Lab stock
pPIC9K-HS2ST pPIC9K containing HS2ST This work
pPIC9K-HS6ST pPIC9K containing HS6ST This work
pPIC9K-HS3ST pPICIK containing HS3ST This work
pPIC9K-MBP-HS2ST pPIC9K containing MBP and HS2ST This work
pPIC9K-MBP-HS6ST pPIC9K containing MBP and HS6ST This work
pPIC9K-MBP-TrxA-HS2ST pPIC9K containing MBP, TrxA and HS2ST This work
pPIC9K-MBP-TrxA -HS6ST pPIC9K containing MBP, TrxA and HS6ST This work
Strains

Escherichia coli BL21 Expression host Lab stock
E. coli BL21-pET28a-HS2ST E. coli BL21 harboring pET28a-HS2ST This work
E. coli BL21-pET28a-HS6ST E. coli BL21 harboring pET28a-HS6ST This work
E. coli BL21-pET28a-HS3ST E. coli BL21 harboring pET28a-HS3ST This work
E. coli BL21-pET28a-MBP-HS2ST E. coli BL21 harboring pET28a-MBP-HS2ST This work
E. coli BL21-pET28a-MBP-HS6ST E. coli BL21 harboring pET28a-MBP-HS6ST This work
Pichia pastoris GS115 Expression host Lab stock
P. pastoris GS115-pPIC9K-HS2ST P. pastoris GS115 harboring pPIC9K-HS2ST This work
P. pastoris GS115-pPIC9K-HS6ST P. pastoris GS115 harboring pPIC9K-HS6ST This work
P. pastoris GS115-pPIC9K-HS3ST P. pastoris GS115 harboring pPIC9K-HS3ST This work
P. pastoris GS115-pPIC9K-MBP-HS2ST P. pastoris GS115 harboring pPIC9K-MBP-HS2ST This work
P. pastoris GS115-pPIC9K-MBP-HS6ST P. pastoris GS115 harboring pPIC9K-MBP-HS6ST This work
P. pastoris GS115-pPIC9K-MBP-TrxA-HS2ST  P. pastoris GS115 harboring pPIC9K-MBP-TrxA-HS2ST This work
P. pastoris GS115-pPIC9K-MBP-TrxA-HS6ST  P. pastoris GS115 harboring pPIC9K-MBP-TrxA-HS6ST This work

142 BEHAREFREEEHIES
HA LRI BE I 3G IR S5 AR EE R A
FM (A Pichia Vector for Multicopy Integration

1.4 EHEHKIES
141 HARBGHEMIESR

PRI TR 75 3R T 50 mg/L R AREE i 3 mL
LB ¥ 5k, 37 °C. 220 r/min 3% 555 4% 1%
(VIVYEERD T8 1Y 50 mL LB B354k, 37 C. 15
220 r/min 3595 % ODegoo 4 0.6-1.0, WS NNZAU Ny
0.5 mmol/L B IPTG, 30 CKi% 6 h i S EAE N
ik .

and Secreted Expression, Invitrogen),

B AL PR B A BRI I &

X FAE R A 1 AT N Rk Y A AR R
SRS AL AR I F 2l LA AP BRAA A : 1)
L 5 min AEE A (8 000xg, 4 C);2) 20 mmol/L

&: 010-64807509 B<: cjb@im.ac.cn
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Table 2 Primers in this study

Name Primer sequence (5'-3") Restriction
enzyme
H2(28a) F CGCGGATCCGATGGTCCTAGACAAGAAGTTGC BamH |
H2(28a) R GTGCTCGAGTTAATTAGATTTAGGATAAATTTTTTCATAGAAGAAATTTTG Xho |
H6(28a) F GTCGCGGATCCGCTTTCGATATGAAAGGTGAAGATG BamH |
H6(28a) R GTGCTCGAGTTACCACTTTTCAATAATATGAGACATGTAATCTTCAG Xho 1
H3(28a) F TCGCGGATCCAAGGGTGGTACTAGAGCTTTGTTG BamH [
H3(28a) R GTGCTCGAGTTAATGCCAATCAAAAGTTCTACCAACCAA Xho 1
H2(9K) F CGCTACGTACACCACCACCACCACCACGATGGTCCTAGACAAGAAGTTGC SnaB |
H2(9K) R TGGCGGCCGCTTAATTAGATTTAGGATAAATTTTTTCATAGAAGAAATTTTG Not I
H6(9K) F GCTACGTACACCACCACCACCACCACGCTTTCGATATGAAAGGTGAAGATG SnaB |
H6(9K) R GTGGCGGCCGCTTACCACTTTTCAATAATATGAGACATGTAATCTTCAG Not [
H3(9K) F GCTACGTACACCACCACCACCACCACAAGGGTGGTACTAGAGCTTTGTTG SnaB |
H3(9K) R GTGGCGGCCGCTTAATGCCAATCAAAAGTTCTACCAACCAA Not [

MBP(28a-H2) F
MBP(28a-H2) R
MBP(28a-H6) F
MBP(28a-H6) R
MBP(9K-H2) F
CGAAGAAGGTAAACTGG
MBP(9K-H2) R
MBP(9K-H6) F
CGAAGAAGGTAAACTGG
MBP(9K-H6) R
TrxA(H2) F
TrxA(H2) R
TrxA(H6) F
TrxA(H6) R

CCATATGGCTAGCATGACTGGTGGAATGAAAATCGAAGAAGGTAAACTGG ===
GCAACTTCTTGTCTAGGACCATCAGTCTGCGCGTCTTTCAGG ===
CCATATGGCTAGCATGACTGGTGGAATGAAAATCGAAGAAGGTAAACTGG ===
CATCTTCACCTTTCATATCGAAAGCAGTCTGCGCGTCTTTCAGG ===
CTCTCGAGAAAAGAGAGGCTGAAGCTATGCACCACCACCACCACCACAAAAT ---

GCAACTTCTTGTCTAGGACCATCAGTCTGCGCGTCTTTCAGG -—
CTCTCGAGAAAAGAGAGGCTGAAGCTATGCACCACCACCACCACCACAAAAT ---

CATCTTCACCTTTCATATCGAAAGCAGTCTGCGCGTCTTTCAGG ===
CCTGAAAGACGCGCAGACTATGAGCGATAAAATTATTCACCTGACTGACG ---
GCAACTTCTTGTCTAGGACCATCGGCCAGGTTAGCGTCGAGG ---
CCTGAAAGACGCGCAGACTATGAGCGATAAAATTATTCACCTGACTGACG ---
CATCTTCACCTTTCATATCGAAAGCGGCCAGGTTAGCGTCGAGG ---

Underlines represent the restriction site.

Tris-HCI (pH 7.4) PE¥ A 2 ; 3) 20 mmol/L
Tris-HCI (pH 7.4) EEFKZE ODgo=20; 4) i)k
)RR (800 bar, 5 min); 5) 12 000xg &5
L 20 min WAL -3 5 IS J 24k

X T AE 56 IR B B v HEAT 43 WA 2 0K 1 EE AL AR R
RS WA HLAE W AR EL . 8 000xg., 4 “C .0 10 min
WA I 17 B SAHEL A
1.6 EHEEARFEMGAL

BeH 25 mL % A (20 mmol/L Tris-HCI
(pH 7.4), 500 mmol/L NaCl, 20 mmol/L Wkmg)

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

7 Ni-NTA )5 FAEd 0.22 um AOHIESR, 451
JH 10% . 40% ., 100%H4 %5 ¥ B (20 mmol/L Tris-HCI
(pH 7.4), 500 mmol/L NaCl, 500 mmol/L Bfmk)
AT VIR AL AR N A B o I % 45 3] 1 5 I
AT AR AL BE , Pr G ER 2% vh i 20 mmol/L
Tris-HCI (pH 7.4), Wi G10,
1.7 WERRBEEEFENE

Tt 2 2 A Tl T 05 Y SR FH 3 016 0 B8 AR 00 o
il L T 1 2 A TS0 bR S I 45 4Rl 900 pL
M EYIEER (50 mmol/L PNPS, 0.5 mmol/L 3',5'-
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T WEER IR, 0.5 mg ASST IV #1 10 mg I £ il 1E
20 mmol/L Tris-HCI (pH7.4) ), 37 ‘CHi# 5 min
JE A 100 pL 1 g/l WIGRERFE RSB, 37 C RN
1 hJ5HA 0.2 mL 10 mol/L S A b AA IR 4 1k
I 12 000xg &5.0» 10 min J5ERTIIE, 400 nm
T RIS I A B Xl AR T (WG, —
AN R e B8 Tl () 0 M B 8 R TE pH 7.4, 37 °C
ST, AN 1 pmol/L X il B B
(BT o X BRSO Ry AH R 4500 R A B o 2 KT
MBI 3 M EW¥EE, BOEY
1Ly o 28 (A TG 4
1.8 B EIEIRATHR

16 1 mL IR B, ot sk [ fin A 300 pg
WRER A mE, 37 CRLY 48 h J5JmA 100 pL
10 mol/L NaOH % 11 ) v .

1.9 HE_MHEWLE

B 100 pL AYEEEAE, inA 10 pL 4 U/mL
T 25 2L 1 A4 U/mL B9 BT 25 2L 0@ B, 37 °C
SN2 ODgsp WGMEAFIEG M, 12 000xg H5.0>
20 min it EiE& LC-TOF-MS M LC vEMi 4%
4 60 min WHIBEREZEH 0 FFALIER 40%.
MS Z A N 7E TR 47 100-900 m/z 4
i, HPh RN,
1.10 BFEHgmEMENE

JHZ AN I 8 J7 12 % i [ 245 i (1208 JiF
AP E D) APTT 080, B 50 uL fn AR
PABM T2 RN 50 pl, IRAHA), A APTT
iR 7 50 pL,37 ‘CHi#A 3 min, Hil A 50 pL 25 mmol/L
CaCly Ji v B FH I Y 358 [ 43 A S0 g e 45 B ] g
AN 3 A RS, BOPIE RN
R &M o

2 HER5AW

2.1 FERFEBERIRIA
0T IR SEAS ) i 50 i R e B I 2 Ik Y Y

&: 010-64807509

Wi, JEA%FEIATE £ E. coli BL21 FIELEE K ikfE &
P. pastoris GS115 1Ky MR 32 28K
TR 2 R A A R e F Tl

PL E. coli BL21 Jy&ikfg £, EAHAERN
HS2ST. HS6ST fEfMEE s T7 Wifs Ty
DI IR B A e (B 2A. 2B). 1E PRI R
HREEER N mEh S feRbr % MBP J5, TEE4
E. coli Jgiy HiFHAHIEAW (K 2C. 2D), Uit
45530k E — 5, RME S %Kik MBP
A BT 3 Wy 5 5 R e TR P 2 M v ) Rl i 3Rk
HHAH I HS3ST ZEIFE MR T T7T WiESF A
TR AT A RIS (B 2D),

L P. pastoris GS115 A RikfE FAf, XF 3 F
WRIRFL R B AT /3 WK IA o TR 1R 3 811 AOX
YEFIF , B4 P. pastoris fifi#h K WLEI#F 4 HS2ST .,
HS6ST K/ &4 (R ARIER), X—m 573
1R v & 4E 21 Kluyveromyces lactis Fp 2 ik i FR 55
Rl o —5 ", B FETEL E. coli HR S
MBP & b3k PRl i BR % B il () Pl i 3k, 7
P. pastoris HP SR 5 LR PR AR IR E N i
e MBP, 153 TIEMY A0 (G5 RAER). [H]
B, AR HEAELR T [ http://disulfind.dsi.unifi.it/
TN b A R A A il 1) — R 45 ) R W 43 i) A
TE 2 X%F . 6 X . I TE MBP 1Y C 3 . B2
FERSTIY N SR 4 TrxA fE3E —mi s i E a2y,
H I 7E B4 P. pastoris JfUAh & B E & W BN4F
4 MBP-TrxA-HS2ST (87 kDa) ,MBP-TrxA-HS6ST
(97 kDa) K/NHy2ka (Kl 2E)., FELFHE A HS3ST
TEE 4] P. pastoris H1, L AOX )5 87 Bsf i T
SCELT MUAMY RIS (B 2F),

XTGBT A Ry FER, &
L J5T 8 B WO A W R B KA T I TE] BT (Matrix-
assisted laser desorption/ionization time of flight
mass spectrometry, MALDI-TOF-MS) %5E ik 4%

i H AR

. cjb@im.ac.cn
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Fig. 2 SDS-PAGE analysis of sulfotransferases expressed in E. coli and P. pastoris. (A) SDS-PAGE analysis of
HS2ST expressed in E. coli BL21. M: marker; 1: supernatant of control; 2: supernatant of HS2ST; 3: precipitation of
HS2ST; 4: precipitation of control. (B) SDS-PAGE analysis of HS6ST expressed in E. coli BL21. M: marker; 1:
precipitation of control; 2: precipitation of HS6ST. (C) SDS-PAGE analysis of MBP-HS2ST. M: marker; 1: supernatant
of control; 2: supernatant of MBP-HS2ST. (D) SDS-PAGE analysis of MBP-HS6ST and HS3ST expressed in E. coli
BL21. 1: supernatant of control; 2: supernatant of MBP-HS6ST; 3: supernatant of control; 4: supernatant of HS3ST; 5:
precipitation of control; 6: precipitation of HS3ST; M: marker. (E) SDS-PAGE analysis of MBP-TrxA-HS2ST and MBP-
TrxA-HS6ST expressed in P. pastoris GS115. 1: supernatant of control; 2: supernatant of MBP-TrxA-HS2ST; 3:
supernatant of control; 4: supernatant of MBP-TrxA-HS6ST; M: marker. (F) SDS-PAGE analysis of HS3ST expressed in
P. pastoris GS115. 1: supernatant of control; 2: supernatant of HS3ST; 3: purified HS3ST; M: marker.

B3 B EEEE 7R M E

PIEZ E. coli MIN W RILTHEIR MBP-
HS2ST .MBP-HS6ST M HS3ST FIE 41 P. pastoris
oAb 43 s 2 ik 15 51 i) MBP-HS2ST . MBP-HS6ST |
HS3ST & MBP-TrxA-HS2ST. MBP-TrxA-HS6ST
AT A M IS YE E . DUFR IRy, il
10 IBC T L B PR L RS B ASSTIV, 7ML AL PR

2.2

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

BH S 50 BT AR O B TR B B T I M B AR R
Hrh HS2ST 4k 1doA 2 S mm ik IE
A% 1do2S, HS6ST 1k GICNS 6 S 2 ILAi R
fbIE . GIcNS6S, HS3ST fifk GIcNS6S & i
GIcNS6S3S, M IMIJE BLh BE il i Vi A A% .0 TOHESS
#J GIcNS6S-GIcA-GIcNS6S3S-1d02S-GIcNS6S.,
& 3A T ILEZ P. pastoris ZrihE kK MBP-
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HS2ST. MBP-HS6ST . HS3ST HIFHEEHE % TF4E K. lactis H 53 I 263575 3 Ho g 1

T E. coli ENFREMW FAREHEANVEE, 75 23 FFELEMLEE

FAE] T (321£13) U/L . (270+8) U/L . (749+26) U/L . G IR EE RS A (0 52 % 0 1) [ 85 58
A UL B S S T RIS EN R R i DEAE Sl s 5 B R IOHERE . T
WIGAERE, S K lactis TRRARIAIIIN g 1 IR S R 80 2 T 0
B R P A% Wi 1 T . coli SR IERRIRARE] N 2000 Da (JFE . % TR B
(T R e RS WA G (9 2500 — B0, DR S5 s m 4 E R A S A L PR S LC-TOF-MS
LA (1 MG AR AL R P pastoris g g g M R 5 31 ) A B S AT
SRR RS (1 4).
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Fig. 3 Enzymes activities assay of sulfotransferases expressed in E. coli and P. pastoris. (A) Comparison of the

enzyme activity between E. coli and P. pastoris-expressed sulfotransferases: [1: E. coli; ®: P. pastoris. (B) The effect of
TrxA on sulfotransferases activities.
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