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Heterologous Expression and Enzymatic Characterization of Adenylyl-Sulfate
Kinase from Mycobacterium tuberculosis
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(1. School of Biotechnology, Jiangnan University, Wuxi 214122, China;2. Key Laboratory of Carbohydrate
Chemistry and Biotechnology, Ministry of Education, Jiangnan University, Wuxi 214122, China)

Abstract: PAPS is the only active sulfonic acid group donor for sulfation in living organisms.
Adenylyl-sulfate kinase catalyzes the formation of PAPS and ADP from APS and ATP. In order to
achieve the enzymatic synthesis of PAPS, the adenylyl-sulfate kinase encoding gene from
Mycobacterium  tuberculosis AUSMDUO00018547 was codon-optimized and heterologously
co-expressed with thioredoxin TrxB to achieve the active and high-level heterologous expression of
adenosine phosphorylsulfate kinase (APK) in Escherichia colt BL21(DE3). His-tagged recombinant
adenylyl-sulfate kinase was successfully purified. Further enzymatic property analysis results showed
that the optimal temperature, pH and the specific enzyme activity of recombinant adenylyl-sulfate
kinase were 35 ‘C, pH 7.5 and (1.26 £0.08) U/mg, respectively. Heterologous expression of
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adenylyl-sulfate kinase and enzymatic property analysis lay a foundation for the enzymatic synthesis

of PAPS in the future.
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Fig. 2 Schematic diagram of plasmid construction
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Table 1 Primers for PCR amplification

51 (5'-3")

cysC-F  GCCGCGCGGCAGCCATATGATGACGACGCTATTGCGGC

cysC-R GGTGGCTGGTGGTGGTGCTCGAGCTAAGACGATGACTCCAACAGGTCG

TrxA-F  GTCATCGTCTTAGAAGCTTGTTTAACTTTAAGAAGGAGATATACATATGAGCGATAAAATTATTCACCTGACTGACG
TrxA-R  GTGCTCGAGTGCGGCCGCTTACGCCAGGTTAGCGTCGAG

TrxB-F  GTCATCGTCTTAGAAGCTTGTTTAACTTTAAGAAGGAGATATACATATGGGCACGACCAAACACAGTAAAC

TrxB-R  GTGCTCGAGTGCGGCCGCTTATTTTGCGTCAGCTAAACCATCGAG

DsbA-F  GTCATCGTCTTAGAAGCTTGTTTAACTTTAAGAAGGAGATATACATATGAAAAAGATTTGGCTGGCGCTG

DsbA-R GTGCTCGAGTGCGGCCGCTTATTTTTTCTCGGACAGATATTTCACTGTATCAGC

DsbB-F  GTCATCGTCTTAGAAGCTTGTTTAACTTTAAGAAGGAGATATACATATGTTGCGATTTTTGAACCAATGTTCAC
DsbB-R  GTGCTCGAGTGCGGCCGCTTAGCGACCGAACAGATCACGTTTTTTC

DsbC-F  GTCATCGTCTTAGAAGCTTGTTTAACTTTAAGAAGGAGATATACATATGAAGAAAGGTTTTATGTTGTTTACTTTGTTAGCG
DsbhC-R  GTGCTCGAGTGCGGCCGCTTATTTACCGCTGGTCATTTTTTGGTGTTCG

T« Z0 00 R i) 4 U137 25

ARS LR ASIL 2021 FE40EE 25




RESEARCH ARTICLE

XU Ruirui, et al: Heterologous Expression and Enzymatic Characterization of

Adenylyl-Sulfate Kinase from Mycobacterium tuberculosis

NaCl,10 g BEEE IR, 5 ¢ BERERY N LB F/KE 1L,
4325 )5 T TR 28R OK S TB 1S 5% 35 . KH,PO, 2.31 g,
K,HPO, 12.54 ¢, JEE IR 12 o, LRy 24 ¢, Hih 5
g MEEFIRE 1L, A pH £ 7.0~7.2, 035
JEZEVRKA

HEARRE ., #EHTR A E coli
BL21( DE3) B Bk, 8 56 0F 1E B 1 B R 7E & A R I8
3% 50 pg/LFA FRIZ T TR . PRICR TR TR
AT LB A a5, B TPIEEIR (37 C.
220 r/min) 55 5% 8~10 h ¥ Fh e 2% KR B4 B
%) 50 mL TB K BeRi g 5erh, 592 % 0D 24 0.6~
0.8 B}, i AR #e 1Y TPTG (0.5 .1 mmol/L) I 7E AR
[ (30,37 C) PSR 10 h 5B oUW E
& B R A H 20 mmol/L .pH 7.5 Tris—HCI ¥
B S, AT A 2% b Y T R A0 M R P B A
Je T4 AL f 4347

H 8 A 2aifl . B e 9 Ni-NTA JZ 67
FEFI10 A5 AR B L FE 22 v Buffer A (NaCl 0.5
mol/L., BK M 20 mmol/L,Tris ~-HCI 20 mmol/L,pH
7.5, FER UK E 1~2 mL/min FFE, FRE)S
FHBuffer A “FHiAE -, FARUCR] AN [R] i B2 A6 5 1k
Wi Buffer B (NaCl 0.5 mol/L, BfM 500 mmol/L,
Tris—HC1 20 mmol/L,pH 7.5) ¥/ 2% 8 11 5 A H /Y
BT, WK A R 1 v B2 43590 24 50,100 150,200
250,300,500 mmol/L, 4ift 5 & 15 ] SDS-PAGE
A3 BT, 32 AT 2 I K e FH e 0 g 9
133 @& 2% 1 mL KRR  Tris-HCI
100 mmol/L(#H1 pH),MgSO, 1 mmol/L.,ATP 1 mmol/L,,
APS 1 mmol/L,30 CHIUHE fI A 0.5 mg CysC 4l ft
A, 7E 30 °C KR — 2 B )22

AN TR R B 9 0 %2 ; Tris—HC1 100 mmol/L
(pH 7.5),MgSO, 1 mmol/L,ATP 1 mmol/L, APS
1 mmol/L,30 CHHJF A 0.5 mg 11 5 9k 6 2 34
fifg 2l A A 0, 4 BIAE 25.30.,35.,40 CF#E47 R0,

ANTR) pH R BTG B9 P 5E < Tris—HC1 100 mmol/L,
MgSO, 1 mmol/L, ATP 1 mmol/L., APS 1 mmol/L.,30 C
TS IA 0.5 mg B 11 05 Ik 4 12 U8 i 4 Ak 2 1 o
T EE B B 30 °C, Y S bl pH EAT RN

fitf 1) 1 0 B SL A SRl AR A (— TR R
—& pH) T ,1 h WA 1 wmol PAPS JIr 5 4
F14) il 20

PAPS A . >R Agilent 1600 HPLC &R 4t ,

polyamine IT #£ (4.6 mmx250 mm,D 4 12 nm) , #ii 3
A1 :50 mmol/L KH,PO, ¥ , i % :0.6 mL/min , JF
i .5 L, K E] 35 min, K45 . UV 254 nm®,

| 2 st

21 BEBBBRABOREIACESK

200 R EE R AR ER OB e Rk KR
#1Y pET28a—cysC Tihi % 4k E. coli BL2(DE3) Itk
, PRIRCBH M v B 43 A AN IRk BE 1 TPTG FAS
[ T i R0k, B E A B & A 615 42 Ak
iz, 90 2 1A G 4 I R 67 800, R
T 192 U3 il 1) 2R A 45 A ULl 3, il it SDS-PAGE 43
BT, T 20 K AT A A6 S [k 32 1915 5 700 AN [+ 75
T T IR Y A, S TPTG ¥ & AR A
5 J8 2 5 BN 2 DA R Wl I A R A h R
SEIERIT SRR RBMEN,

2.1.2 Rk ZAAIRIE R G pET28a—cysC
T Aos A AR AR I AR A B R 4R TR 1
FEHIH — Bt RBS [y 4 #E4T BRI 5K B 301k 1E A 1Y
wiRET RIS R G %, BRI V5 B2 A LB 85 97 3L
H1,37 CH; 9% 8~10 h, LA 29% 3% F A B o0 B 1 &2
TB KB SR, k2132 2 0D 4 0.6~0.8 B, Xt
B 35 2 A R AT AR AR o 20 500 LA )k 38 1935 51 TPTG
FUARSTR 05 IR B R, o B A S AR i
FHIPTG £ 0.5 mmol/L, % FIRJE 30 °C, 1E1t
WM A HRE P B RS B3Rk bR
TrxB . TrxA ,DsbA , DsbB ¥4 7] UL 33k 557 . K5 5% 10 h
JE WA AR, 2 75 Bk 6 5 I SDS-PAGE 4347,
SR E4, WEABRKE T LUE W, LR
TrxB AT LLAT 85002 3 R 11 ol 19 O o 9l 11 ] 9 58
i 3£ 23k TrxA \DsbA . DsbB &% DsbhC X I 1 i Bt 7
T TR 100 T VA SRR A B ROCR |

213 B8 EG Rk EHE E coli BL21
(DE3)-pET28a—cysC-TrxB £/ T £ ik 5, M BE R
O Ja BBRUIE, R AW 4 = R aifbbn 4, &
AR R RN R T alifb s, R SDS-PAGE 43 #7 , 45

WIS, gl fs i H B8R A B AT R — B Y SRl
AR 537 B AE 62 000 LA L, 5 700 28 5 AH %43
T (67 300) R /N—20, B, 25 4% 00 BOFT TR B
A T TR0 AL il 56 DAL K i A AT b S BT s A% Rl
TR AT AR,

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol. 40 Issue 2 2021



T 5 o A BOFF T M3 B BE AL BRI I 69 S TR 7B M R K A Bl MR

Al A2 A3 A4 A5 A6 A7 A8 Bl B2 B3 B4 B5 B6 B7 B8

A1:25 °C 1 mmol/L IPTG CysC & ;A2:30 °C 1 mmol/L IPTG CysC 15 ;A3:37 °C 1 mmol/L IPTG CysC 3§ W ;A4: & H
AEWAS . A FUE;A6:37 °C 1 mmol/L IPTG CysC Hi3E ;A7:30 °C 1 mmol/L IPTG CysC Vi3 ;A8:37 C 1 mmol/L IPTG CysC
NSRT 2738
B1:25 °C 0.5 mmol/L IPTG CysC ¥ # ;B2:30 °C 0.5 mmol/L IPTG CysC L35 ¥ ;B3:37 °C 0.5 mmol/L IPTG CysC 7% ;B4
2 EEWB5: 2 HTLE ;B6:37 °C 0.5 mmol/L IPTG CysC UL ;B7:30 °C 0.5 mmol/L TPTG CysC Ui ;B8:37 °C 0.5 mmol/L
IPTG CysC i .
210 S JIT i Sy J T A T A TR ORI A T L
3 RIBRH pET28a—cysC KR IZFE R
Fig. 3 SDS-PAGE analysis of pET28a—cysC expression in E.coli BL21(DE3)
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Fig. 4 Effect of co—expression of thioredoxin and disulfide isomerase on adenylyl-sulfate kinase expression
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