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M4 & B RE A BT T K, BBTEES P N .
HIE®HRM, K5 FHR RS a 1Y
TR, AR s/ 1 i ek . H AT,
&AL FIFRAWR . fh2E . EMRE%
Hrp, A YR ek i TR SRR AN et |
PN EDL R, BLE B — IS X4 Tk

ATl 1 (Heparinase 1, L12534.1)/&—28RE0%
PRI R R YIT . WA TR 2R
ffee, RISz, FEAETEZEYR
BFFI A, AL G — ST B A AT B A5
FFE B 1 H S & BT IR S FF B (Pedobacter
heparinus)® ™, AT 3 b B VIR R TL 22 S b
2 e RO RS R =2 18] (1R AR AR R
JilE 1 A& Y 2R 1y 91 LA K8 1 4 B R L
JH 2= 1 9] o A WE K fif i PLs 19 13 K. H
BOFEREE 1 20T RS . RSk
PER R EER . IER IS bT . LUK
TEARSMZ Wi 550 i ] 3 88 i ik 56 R il /) A 5
g,

XFFEM 1 AEHE TRERE, UKBITFE
JiE FRERIANRIRE . BEEREY, KBt
W RN Ty R A TR AR, TRXER AT
U AN, VR A R R B TRk
HNFEB TR A7 40, Kapust 2807 T £ 1
5 GST W R b s TRl G ik, gk
R AT S A b F2E ; Chen
SEUSIKE MBP B (IR R T UEf TG Rk, 155
0% I H AR 1, I HRE A RN R .
Axk, HRETEOFFEIEA - ER R DU R S R IR
FIIFZEETE 1 (Fh-Hepl) HAFFEX 4, X T HABH &
RIEHY TR 1 ARG Rk B =D

SUMO AR&EH Pt —F/INVe T2 R B i &

F1(Small ubiquitin-likemodifier), 4iZ % (ubiquitin)
KL R RN EE N Z— o fE—RE5H |-,
SUMO 5iZ % H A7 18%MIRIEM:, SR & ) =
gty R ILAE YA DIRe A+ AL, SUMO #E1H
(5 T KRZN 12 kDa, ARZEM F 2 o 125E
B IrEd . SUMO #RsmE Mk T HA —MiL
B GRS RE RA, B N L AT
B Re o . i H A Y FO RS DL R I SO
/. Shaghayegh Z5!"M4 i 2 o-fuffin 5 SUMO #x
TR G RIE, AT DA AR M A IR
Pe; Li PO ] SUMO-Tag FEik#idk, X KRHE
FIE T30k, 120 T HAMME T . AT
FaE P ; Zhang P SAC 5 SUMO #E47 il
&, I R 4 SUMO-SAC Ry ik sk, 42
B T B bR A R ) kKK 5 Hartwig 257
HLLEH SUMO Rl & 3RIA5RmE, SCHL Tk Gk
B K IAT B AT i Gk o BRI AS I 5 e X
AR EE R A TR | R, FIHST
A W2E F Bl i T Rk %A pE-SUMO-Bt-Hepl I
pET-28a-Bt-Hepl, FfXJH Rk Yy LU | i
SEPEHET TIRAM S . W 2RI R 1
%) I8 JH I A e

L
L1 BRIk

AR K7 DHSa 1 KB FF % Rosetta
(DE3), fRfF T ALK %= ; pET-28a #i 1k
pE-SUMO #Hfk, fRAFTALR S, pMD-19T #
TR | TR BRAF,
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DNA Y5 1SR &0 [ R 20 A= MRk
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ABRAEI LR L BUR N G A RS TR
A BRAF (b 50) . Bradford 85 11k 2 & ki 77 &t
B SR A R 27 b A PR A Rl (USA) . R AH(185
USP units/mg)llJ H Sigma 23 ] (USA); HAth 5545
JE P4y Hrali, Fast Pfu DNA B4 . dNTPs 15
g A el A R A W (B aY) | Ty R L BR
HlE N YIEE BamH 1, Xho 1, Nru 1, BsrG 11 H
Thremo Scientific /A F](USA). PCR 541G A M
J7 4 0y 14 4 EE R A W B A R 23 W (TR M)
6o
1.3 ZIRAFFEFRE | REE Y

M HE NCBI GenBank #{# /%" Bacteroides
thetaiotaomicron VPI-5482 4l Heparinase I FY)%
H:WR FF 41 (GenBank: AAO79780.1), AT KBTI
O R S/ A < < B S 5 /A1 e o £ =4
pUC57-Bt-Hepl JFiki, 8 %A} Primer Premier 5
W59, Bii#5149) F:5-CCGGATCCATGTTAAC
CGCCCAGACC-3', Ti#5149 R: 5'-CGACTCGAG
TTAGCGCTCACTATAGCCGGCCAG-3' (X %1 £k
M BRI L, BRI LR S I ), BE
BamH 1, Xho 1 1EK LN MEEIN & . $EHR
pUC57-Bt-Hepl Fiki, {EMEEMRIHTT PCR 473,
PCR S 4544 95 °C 5 min; 95 °C 30's, 55 °C
50s, 72°C 1.5 min, fF¥F 30 ¥%KX; 72 °C 10 min,
P AT 1% A HHEE I F Uk 73 25, DNA
IR i
1.4 FERBIEME

Kk PCR 745 pET-28a Fil pE-SUMO
TR SR BamH T, Xho 1 MUEEY), ZBilgkH
B HL VKA I T (|, (1] T4 DNA 3% 45 ik ity
VI #9 PCR P=# MIERE 16 °C et e, fSEA
ki PREAL 2 KIAFF A DHSa B4, WA T
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TA RIREEZR Y LB FAREE IR 12-16 h, 4353 HEHK
AL T UEAT TS PCR IR, % 1E 6 1) TR % 2530
F2A w45 SR E ) Y E 41 BURL pET-28a-Bt-Hepl
#1 pE-SUMO-Bt-Hepl.,
1.5 FEAMER | WHMNERE . difbFifiih

PO OB Th B4 R BN
pET-28a-Bt-Hepl il pE-SUMO-Bt-Hepl, 43544k
A E. coli Rosetta (DE3)B 2540/, PRHCR R
T 5 mL & RARE R (50 ug/mL) H % H (34 ug/mL)
(1) LB B e Berhaid IO 3%, 1 %42 A H2eA0 T 100 mL
LB 53R SRR T KRG 3%, IR EE ODgoo 2
9 0.6 BFAIA IPTG BZUKEE 0.4 mmol/L, 25 °C
WS 12 h,

WBREEMR, 4°C. 8000 r/min .04,
A %% #p¥% (20 mmol/L Tris-HC1, 200 mmol/L NaCl
pH 7.40)7E% 2 i, PR HET 40 mL i,
BRI, 12000 r/min., 4 °C £.0» 20 min,
Wtk B3, i Co-NTA EHZMrkfr4ifk, Co
FEAF A 10 mL (9 P92 #h% (20 mmol/L Tris-HCI,
300 mmol/L NaCl pH 7.4) 45 L#E, J-H 10 mL
254 28 M (20 mmol/L Tris-HCI, 300 mmol/L
NaCl, 5 mmol/L PKME) ik ERBilERe k455
M, M 3 mL YEBEZE (20 mmol/L Tris-HCI,
300 mmol/L NaCl, 150 mmol/L BKM)%ER T 2H H
MIEE T, MR VR B alidb fs i B 2 e .
PD-10 1925 B A Xof 4l Ak J fy Wl a7 7 Mot ER A 3
R 25 mL 4 F-#52% v (20 mmol/L Tris-HCI,
200 mmol/L NaCl pH 7.4)* )5 FAF 2.5 mL,3.5 mL
MR GEI , N AR IR ISR 2.5-6.0 mL UL
TR IR I A R

L N LA S ol = B
SDS-PAGE, 7 #8285 11 i) ZRB/KF- | alifb Al
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GO Loy T, WAL 80 V, S
HLEA 120 Vo 8 E & 5 A0 E ] Bradford 2,
HARERAES O S Ul B A5
1.6  EEE 1 HME

VARFR AR i F R i 1 36, —A
W BAL(1 TURTERGE 504, 1 min N R
1 pmol FJA4,5 AN FIHEE IR BTt it i o o 1
FH4: 1.5 mL Y Ep BHHIIA 100 uL Y22 v
(50 mmol/L FERR4H , 5 mmol/L AR5, 5 mmol/L
FFZH), £E%H 40 °C HIRMFE 10 min, 1A
T YRR RS IR AR 5 BB 10 pL, )i 10 min,
SERPAIA 0.06 mol/L #hfR 1 mL Z¢ikJ . 7E
12000 r/min £5F T 5.0 5 min, B F I 00 & HAE
232 nm HYSEAER,
1.7 EAMEN | WEARSF R
171 EHMRNEE pH & pH RREMlleE: &
37 °C, AN[A] pH 4-13 54l FH A 20 1 1Y
BTG , A5 HRE pH; £ 4 °C R Bl bR 1
M EANE] pH (HQ2-12)M B RAE 2 h, DIE
Tl A I
1.7.2 BEAMREEREKREREENE: 176
s pH, AFNREERZMET, e mHHRE 1
RS , 75 ROl ROV IR 5 feid pH 451 T 48
afi b AR 5 i B ZEAS R (30 40, 50, 60 °C)
TE —EWE1, 2. 10 min), W& RIAWE .
FELAE 30 °C 1 40 °C I 1 8 s [ () A 1
(3 h).
173 “HEBREFNEERNEWE: —NHeR A
FXEAMNREM | IEZmA IR £ Lk
FRyfE RS 2 vh i, 3 5 mmol/L (1) — 4
J& B T (MnSO,, MgCl,, CaCl,, CuCl,, ZnSO,,
FeSOy), PrUfESc/ T (Feid pH. MREE, S 10 min)

A TREIE 04T o FETHE Ok ) Ca® Fn Mg®", &
— ZHARRIHE0.5, 1.0, 5.0, 10.0, 15.0, 50.0,
100.0 mmol/L)F1 7 eid & 1 FE i o8 o i il
(1 Ca™ 1 Mg 1) vk 8 52 T ) o LS o s 2 201l
Oy WIAERA Y Ca> Fil Mg™ MR B R E )5 ,

PRI INAS [R] 4 B2 1) 55— A~ B -0 g FEis o g im
TR MG 4 5 7 b S 2 il 335 2 ) 5 )

2 ERFAH

2.1 EHABREEENE

Xf Bt-Hepl FEPR #EA 7 KA 1 (0 25 65 1A
Mg 2 A4S I8 K kL pET-28a-Bt-Hepl I
pE-SUMO-Bt-Hepl {1 [& 1-A /R k@ 1 Nrw 1,
BsrG I XY, 4niE 1-B Fios, 4351153 4288 bp .
2178 bp 14512 bp., 2182 bp M 4541 , FH-4Fii
B ER A T T — 2 .
22 EHAMRRE. b

HHRHIFRTE 25 °C T, & IPTG i 12 h,
Dy AR N G XTI NIRRT AN
Co-NTA #fiftJ5 iy H B 1 . PD-10 b AE B ER e
(9 H 893 A EfT SDS-PAGE 43#T, 45 Hani 2 fr
No AILURIL IPTG 5% )5 Bt-Hepl Fil SUMO-Bt-
Hepl 7> 78435/ 42.5 kDa 1 55 kDa &£47, 43
T SHISEAA 2 AT A B4k ) 1
HEE A LA B cr, I BBER ROk
WARFRAR . K/ 5IF5 5] Bt-Hepl #1 SUMO-Bt-
Hepl M)EEEH . AT 19 DL ROR AT iR 43 k1 7
SDS-PAGE 43#r, 45K 3 fin. mLAEBLYS
Bt-Hepl #HH, Rl SUMO FRE58JEH RHAEE T
H B AR, 8 95%h B B A E LIRS
P A RA
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(A)
BsrG 1(835)
5180 Nl ff |
pET-28a-BtHepl
6466 bp
Nru1(3017)
(B) bp 1 2 M bp

4288 bp 5000  4512bp — 5000
3000 3000
2178 bp 2000 2182 bp —> 5000

B 1. BFREgIREHIREE
Figure 1. Construction of recombinant expression vector for Hepl. A: Schematic representation of plasmids for
pET-28a-Bt-Hepl and pE-SUMO-Bt-Hepl; B: Enzyme digestion analysis using Nru I, BsrG I; M: Marker.

kDa M 1 2 3 4 5 6 7 8

170 —
130 —

100 —

70 — W

55 — '--- < 55 kDa
40 — o ' — - <« 42.5kDa

35 —
25 —

2. EEEHY SDS-PAGE 73 #f
Figure 2. SDS-PAGE of recombinant proteins of Hepl. M: marker; lane 1: the expression products of
pE-SUMO-Bt-Hepl; lane 2: 5 mmol/L imidazole elution of SUMO-Bt-Hepl; lane 3: 150 mmol/L imidazole elution
of SUMO-Bt-Hepl; lane 4: desalting of SUMO-Bt-Hepl; lane 5: the expression products of pET-28a-Bt-Hepl; lane
6: 5 mmol/L imidazole elution of Bt-Hepl; lane 7: 150 mmol/L imidazole elution of Bt-Hepl; lane 8: desalting of
Bt-Hepl.
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170 —

130 — ==
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3. EMBBHRIAMRIE SDS-PAGE 734
Figure 3. Soluble expression of recombinants by
SDS-PAGE. M: marker; lane 1: the total protein of the
expression products of pET-28a-Bt-Hepl; lane 2: the
soluble fractions of the expression products of
pET-28a-Bt-Hepl; lane 3: the insoluble fractions of the
expression products of pET-28a-Bt-Hepl; lane 4: the
total protein of the expression products of
pE-SUMO-Bt-Hepl; lane 5: the soluble fractions of the
expression products of pE-SUMO-Bt-Hepl; lane 6: the
insoluble fractions of the expression products of
pE-SUMO-Bt-Hepl.
2.3 EH?{ Bt-Hepl f1 SUMO-Bt-Hepl KJLLEGTE
vigiin

W55 %% A pET-28a-Bt-Hepl . pE-SUMO-Bt-
Hepl WIEHREHITIHFRIE, FIiILK™Y Bt-Hepl
1 SUMO-Bt-Hepl S AL i ER 5 AEbR HE R I 2 2%
PER A TINE , 18 4 558 7R, 5 pET-28a-Bt-Hepl
kLR RT3 Bt-Hepl AHLL, SUMO Rl /5 1Y)
SUMO-Bt-Hepl HJ LLEHEFE I T 48.9%. 3 1 45
NG SUMO-tag bR fa , AU T HEE
mHAR S T HAEAR)™ R, 2RI 1.25 4,
24 EHARXTYRIEEE DR

241 BHHRETYHIRE pH K& pH FEHEN
E: FEARE pH &M Nl E Bt-Hepl Al
SUMO-Bt-Hepl BRI, & I & B 5iE pH #8 R
9 (Kl 5). fils SUMO Fr&s 5 IR 22 Hifiid pH.
g 3K R o B 21 A I FE AN TR pH Z2 b 4 °C 1}

200

X 150 + —_—

=

=

3 100} E

g’ o :-:-c-\:;:- e

-5 2 S

<

5 50} ] =

€ -
S

0 E ¥ = | Eﬂ‘ Sk

Bt-Hepl SUMO-Bt-Hepl

4. EH7Y) Bt-Hepl 71 SUMO-Bt-Hepl BY LLEEE
ST

Figure 4. Comparison of specific enzyme activities
of Bt-Hepl and SUMO-Bt-Hepl.

F1. RETHZRENE.ZHELUNTENFEREIEIE
rrEE . BEEELIR ELEEIR R LI

Table 1. Comparison of the efficiencies of expression,
total enzyme activity and specific activity of
heparinase 1 from F  heparinum and B.
thetaiotaomicron
Enzyme Reference e TEA®/ - SA%/
(mg/mL) (IU/mL) (IU/mg)
Bt-Hepl This work 0.25 33.50 133.98
SUMO-Bt-Hepl This work 0.313 62.44 199.50
IF2-Fh-Hepl [24] ND ND 151.00
GST-Fh-Hepl [24] ND ND 143.00
MBP-Fh-Hepl [18] ND ND 20.60
MBP-Fh-Hepl [24] ND ND 23.60
ChBD-Fh-Hepl [25] ND 244  ND
ChBD-SUMO-Fh-Hepl [25] ND 692 ND

*TP means total protein; TEA means total enzyme activity; SA
means specific activity. ND indicates no data.

f£ 2 h, 3500 E AR mETE (B 6-A: SUMO-Bt-
Hepl; Kl 6-B: Bt-Hepl).

M pH FeuE MR ZE mT LAZE ), i 5 20 il e
PERFF A A RE , 7 pH 5-9 MR ik TP ARAE 2 h,
W& O A T TG AR AE 80% LA L o 780 R Al B s
SUMO-Bt-Hepl 1y fif =2 4 #H XF % 4 .
SUMO-Bt-Hepl HyfAELRAE pH & 8, Tfii Bt-Hepl
i ELRAE pH R 7, WIRESZFE MALE SUMO 45
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A, AIERWAE SRR, i

BRI S RPERE . 7 pH 12 B L34 2% L TE

100
80
60
40+
20t

Relative activity/%

- SUMO-Bt-Hepl

-=Bt-Hepl

pH

5. E4HE SUMO-Bt-Hepl #1 Bt-Hepl BY5&i&

fih 4%

Figure 5. Optimum pH curves of two kinds of

O P S S S T T )
4 56 7 8 910111213 14

recombinase of SUMO-Bt-Hepl and Bt-Hepl.

(A) 100
80 t
60

40 |

Relative activity/%

20

0

pH

(B) 100

Relative activity/%

2 3 456 7 8 9 1011 12 13

pH

2 3 456 7 8 91011 12 13

pH

6. =4HES SUMO-Bt-Hepl #1 Bt-Hepl B pH 12

jEd:iE54

Figure 6. pH stability curves of recombinase
SUMO-Bt-Hepl and Bt-Hepl. A: purified of
recombinase  SUMO-Bt-Hepl; B: purified of

recombinase Bt-Hepl.
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2.4.2  EHRIXY N BE IR R R
RE: fEfcid pH, AR T E SUMO-Bt-Hepl
1 Bt-Hepl Eﬁ@@{ﬁ B Y e i RE 14y
45 °C (K 7). ¥4 R W R i 20 i 43 91 76 fei pH AR
[0 B A5 R0 T — s B fa] 00 R A Tl (5] 8-AL
C: SUMO-Bt-Hepl; ¥ 8-B. D: Bt-Hepl)

MR EERRE 26 T IR Y, SUMO-Bt-Hepl
H1 Bt-Hepl %45 5 12 (50 . 60 °C) iR 52 M4 He 4%
2%, £ 60 °C TR 10 min 5 —F B H 2 LT
SERMR, AL ENT TEAREEEGB0. 40 °C)Yy
it 52 P #R AR X AL 4F (10 min 9L A8 4k), H
SUMO &t & v L2 & B W W 52 fig 1
SUMO-Bt-Hepl 7£ 50 °C F#£75 2 min 7| 43 i 15 £
89.46%, 1E 30 °C Fl 40 °C T I & I A1 25 1143 31
#5%7 180 min A1 150 min, iK% SUMO fl&HY
Bt-Hepl 1 i 37 [F] 4 it B Ak 24 181 1) 8 1 U 224K
F SUMO-Bt-Hepl, HFE 50 °C TR 2 min 5
ABHIE 24 75.75%, 1 30 °C 140 °C FHFE Y
214352 °A 140 min A1 120 min,

100
80 |
60 |
40 |

)

20 ¥ —+— SUMO-Bt-Hepl
—=— Bt-Hepl

Relative activity/%

0
20 25 30 35 40 45 50 55 60
7/°C

7. 2HMEEMEREIMEEREHLZ
Figure 7. Optimum temperature curves of two kinds
of recombine Heparinase 1.
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(A)

Relative activity/%

©) 100
80 —40°C
60
40

Relative activity/%

20
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t/min

(B) 100
80

60
40
20

Relative activity/%

(D) 100
80 ——40°C

—-—30°C

60
40

Relative activity/%

20

0

0 30 60 90 120 150 180
t/min

8. E4AfiE SUMO-Bt-Hepl #1 Bt-Hepl ;5 /E 75 E 1% #h 2%

Figure 8.

Thermostability curves of recombinase SUMO-Bt-Hepl and Bt-Hepl. A and C: purified enzyme of

recombinase SUMO-Bt-Hepl; B and D: purified of recombinase Bt-Hepl.

243 SRHEFMEENEW: MR T AR M
45 @ B 1%} SUMO-Bt-Hepl Fil Bt-Hepl F4 il 521
(K 9-A). Z5R A, Ca® Ml Mg® Xt — FHBHEA
EHEVERT, Cu® . Mn*" | Zo® #RFEI0H T B W agm
FIMER, JoHUE Cu® F Zo® LT 35 BP9 T
Ca® Fll Mg™ e fE 1R B (K] 9-B: SUMO-Bt-Hepl

Kl 9-C: Bt-Hepl), Z5HREKH, 2 ASELH NG fE
Ca™ 1l Mg ¥ FE 44 10 mmol/L F1 50 mmol/L . 7£
B Ca? il Mg #e R, SUMO-Bt-Hepl i
SRR T 71.11%H1 95.46%, Bt-Hepl YRGS 2
BIHEES T 56.12%F1 81.84%. Xf Ca’"Fl Mg> &4
U TR Bl S 52 R4 T TR (K 9-D). B AT
%, Ca’Hl Mg™ A fE A ml AR LS 0N . 4351
FE Ca™ Fl Mg™ MR EEMR MBI TE L T, — BT
S0 (P 9-E : 10 mmol/L Ca*" 11, [&] 9-F : 50 mmol/L
Mg™ i), ZERFH, Ca® F1 Mg™ ML HEVE FH 2

FEIRALE), P Z A B AT

3 9tk

FHG % 62t ok H 2%, 2016
AT OB 20T R 13 44.30 JTIL AL, BRI
FALYINHTILE 1258 (LT, IHE K. I
FLRFLERIIN. 259010 )7 o ) A4
FIFR MBS TIEE, FHD TR F I 2 0
Wl RERAE B, (LT A e 4
SRIREDE . SYEBURE ., CHEE S AR
B, BORBRIE A ORI . TS
SRR, RT3 AC S 05 A R
FSATAZ A e, AR5 20— e,
BEAE S LBV LRI P AN, HLER T
DL E N TIPS BN i
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WAz, HErTY TR DM a5, BT R R EOR . N ET X IR T 3Rk
I HIHAL RS LA AR E Ph R 22, ARMEE 775 . B ARE TS AR U E 2L,

A) 150 B) 200 [
(A) = mm SUMO-Bt-Hepl (B) B Ca
X = Bt-Hepl NS | o
< Sosop — Me
‘; 100 + =
9 2 100 |
o o
2 50t 2
< <
2 2
08 ¢ » % F ¥ 0 05 1 5 10 15 50 100
&L R $ o3 S48 :
QQ° < @QO C W v ¢ (ion)/(mmol/L)
Metal ion (5 mmol/L)
(C) 200 (D) 300
. Ca* 1 SUMO-Bt-Hepl =
X 8 )
S 150 Mg < Il Bt-Hepl
z 2007
£ 100 §
= £ 100 |
E 50 E |_|I
0 0 .
0 05 1 5 10 15 50 100 & o‘?’x g X
N N v .
¢ (ion)/(mmol/L) ¢S 0\\\) R o > g
& & S
N N Q ‘Q&
Q
9
(E) 3 SUMO-Bt-Hepl (F) [ SUMO-Bt-Hepl
Hl Bt-Hepl I Bt-Hepl
150 | -
. 150 =
N T ") N T m
iy =
z 100y Z 100}
g 5
o <
Z 2
£ 50} Z sof
2 !
o4
n " n 1 O n n 1 n
0 10 15 50 100 0 1 10 15 50
¢ (Mg*)/(mmol/L) ¢ (Ca)/(mmol/L)

9. EEBTFEEERIZM
Figure 9. Effects of metal ions on enzyme activity. A: Effect of different metal ions (5 mmol/L) on enzyme
activity; B: Effect of different concentration of Ca®" and Mg”" on SUMO-Bt-Hepl; C: Effect of different
concentration of Ca®” and Mg®" on Bt-Hepl; D: Effect of Compound Ca>* and Mg®" on enzyme activity; E: Effect of

Mg2+ on enzyme activity under 10 mmol/L Ca”" saturation; F: Effect of Ca’" on enzyme activity under 10 mmol/L
Mg*" saturation.
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Abstract: [Objective] To clone and recombinant express the gene Heparinase | from Bacteroides thetaiotaomicron,
and then characterize the recombinant SUMO-Bt-Hepl and Bt-Hepl. [Methods] Codon optimization was done on
the gene sequence of B. thetaiotaomicron heparinase 1. The target gene was obtained by PCR amplification, inserted
into the expression vectors pET-28a and pE-SUMO, and then transformed into E. coli Rosetta (DE3) to obtain
recombinant products Bt-Hepl and SUMO-Bt-Hepl. Heparin sodium was used as substrate to study the enzymatic
properties of the recombinant proteins. [Results] SDS-PAGE analysis showed that the molecular weights of
Bt-Hepl and SUMO-Bt-Hepl were about 42.5 kDa and 55 kDa, respectively. Compared with Bt-Hepl, the specific
enzyme activity of Heparinase I increased by 48.9% after fusion SUMO-Tag. The enzymological properties showed
that the optimum pH and temperature of Bt-Hepl and SUMO-Bt-Hepl were pH 9 and 45 °C, and both recombinant
enzymes were stable at pH 5-9, while the acid resistance of SUMO-Bt-Hepl was obviously higher than Bt-Hepl
when the pH value was lower than 5. Besides, SUMO-Bt-Hepl also showed higher activities than Bt-Hepl under
50 °C. In addition, Ca’" and Mg*" have obvious promoting effect on the recombinant heparinase I, while Cu®",
Mn”" and Zn*" show certain inhibiting effect, suggesting that in addition to the well-known Ca®" binding site, Mg”"
binding sites may aslo exist in the structure of B. thetaiotaomicron Heparinase 1. [Conclusion] Recombinant
Heparinase I in B. thetaiotaomicron using SUMO fusion system significantly improved its specific enzyme activity

for potential production and application.

Keywords: Bacteroides thetaiotaomicron, heparinase I, SUMO-Tag, fusion expression, enzymological properties
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