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Abstract: Fusobacterium nucleatum is an opportunistic pathogenic bacterium that can be
enriched in colorectal cancer tissues, affecting multiple stages of colorectal cancer development.
The two-component system plays an important role in the regulation and expression of genes
related to pathogenic resistance and pathogenicity. In this paper, we focused on the CarRS
two-component system of F. nucleatum, and the histidine kinase protein CarS was recombinantly
expressed and characterized. Several online software such as SMART, CCTOP and AlphaFold2
were used to predict the secondary and tertiary structure of the CarS protein. The results showed
that CarS is a membrane protein with two transmembrane helices and contains 9 a-helices and 12
B-folds. CarS protein is composed of two domains, one is the N-terminal transmembrane domain
(amino acids 1-170), the other is the C-terminal intracellular domain. The latter is composed of a
signal receiving domain (histidine kinases, adenylyl cyclases, methyl-accepting proteins,
prokaryotic signaling proteins, HAMP), a phosphate receptor domain (histidine kinase domain,
HisKA), and a histidine kinase catalytic domain (histidine kinase-like ATPase catalytic domain,
HATPase c). Since the full-length CarS protein could not be expressed in host cells, a fusion
expression vector pET-28a(+)-MBP-TEV-CarS.y, was constructed based on the characteristics of
secondary and tertiary structures, and overexpressed in Escherichia coli BL21-Codonplus(DE3)RIL.
CarS.y0-mpp protein was purified by affinity chromatography, ion-exchange chromatography, and
gel filtration chromatography with a final concentration of 20 mg/ml. CarSy-msp protein showed
both protein kinase and phosphotransferase activities, and the MBP tag had no effect on the
function of CarScy, protein. The above results provide a basis for in-depth analysis of the
biological function of the CarRS two-component system in F. nucleatum.

Keywords: nucleatum; CarRS system; kinase
phosphotransferase activity

Fusobacterium two-component activity;

BUWHAE LS R, BHTE L T — R 5IE
S TN R R0 28, R LA PR RO A A 2SR
ALk, PRAES IR I TR A AR R RE SRR, SR
KR Z B AR . R, X BUR 1R 5 B Y
WHE AR N B, BEE RN | R

&: 010-64807509

S5 22 T 2 2R BR R PR A e R of 5 DR 2 Ty 471 1Y)
WA, S B h R T —F
“ i J8g 4 B —— B 4% AR KT B (Fusobacterium
nucleatum)'"' . HAZARFF H Hc - R BT O s,

(R IR W R 9 R W EAZ AR B2 45 H W i

: cjb@im.ac.cn



1598 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

RN JRe R BIK 51 TR 2R B0 K o BAZ AT TR
AP R BE 2R RR 08 A A I e At B v 3 0 5
%, thE MR A hthi A R, R BT A
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CarRS (car, coaggregation regulator; R, the
response regulator; S, the histidine sensor kinase)
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. & P4 Z PR (ethylenediaminetetraacetic acid,
EDTA). SOC. Z#WE. Hih., HAR. %5
st G-250. VKESIR . JooK S BESE I A A
THAY TR(EEBRBARA R A A
KR AL 218 A PR Al . Ni-NTA g H
GE 2+l . 9% % (kanamycin) . & % &
(chloramphenicol) 4 F 4t 57 & 3 5 BH B A PR 2>
Ao ERELTR HS B . FastDigest Dpn 11 H
TaKaRa A\l o

A - BN R [ B (I SR A bt
ARAHE, UV-2700]; PCR X [SEA A WIRHL (W
AR A HEUBTX AH, AS8); J2HT
93T RGi(GE 2], AKTA prime plus).
1.1.2 ERFI BRI E A

Q@Tﬁﬂirﬁ(Fusobacterium nucleatum)ﬂ%
ATCC 25586 Mg [ 3% [ #5201 5% W) 4 47 %
(ATCC); KIaFT i (Escherichia coliy DH5a., E.
coli BL21(DE3). E. coli BL21-CodonPlus(DE3)
RIL. E. coli BL21(DE3)pLysS. E. coli C43(DE3)
FBORL pET-28a(+) ¥ g AN S5 28 R AT
1.1.3  Sl4git

AWFFEH PCR Y Fr 5 1 Py b AR T AR T
(B ARA A G M, IR 1.
1.2 7%
1.2.1 HEEHEED CarSH R, =REH
BTN B 454

RT3 CarS BIZIEIRFSI ] SMART
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Phobius!'!, Pro!"? | Prodiv!'!, ScampiMsa!'*!|
TMHMM SEBAE AT 0 A, P MLAMER 5 A
DA% i PN 358 ) T 45 SR 255 R B M, R
Protter! WEZ KM 43 HT CarS ZE 1R IS4

S9N s o G Sl o L[| 4 S B D)
YEFBLET, A AlphaFold2! i 47 F M
SRR DT TR TR N ARG 2 1 BT — 4
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SER LA EE B
122 EH RIEEFH 1 pET-28a(+)-CarS X
pET-28a(+)-MBP-TEV-CarS,,, B1#33&

¥4 F. nucleatum ATCC 25586 (AE009951.2)
1) carS FERFHIMER, Bt ETHESIY, KA
RF-cloning &'y @ 5 4 Rk 8k, S0 H Y
B 58K pET-28a(H)HH %, HEFEALEE A E. coli
DH50 /&2 84iffrh, iR T oA RMNER
(50 pg/mL)iY LB ARG FREE | ,37 °CH;i 5% 16 h,
MERIE R IR A 250 FNER
(50 pg/mL)fY LB WAk 323+, 37 °C 180 r/min
BiF% 16 ho M BoRshdn &R BUmoRs , Z464E
A TR (T B A BR 2 vl o) 2 20 Jo br g
Ay
1.2.3 CarS. CarSyvpr EBNFSFRIESAL

Wk B AR R P91 s, R Ak 22000 &
2H BRI W A E. coli BL21-CodonPlus(DE3)-
RIL. E. coli BL21(DE3)pLysS. E. coli BL21(DE3).
E. coli C43(DE3)ESZ A4, IR 5 Rah
R (50 pg/mL)FAFER37 pg/mL)AY LB &4k
Bigd I, 37 °CHEFR 12 h, PRBURBEEVEFE R
PUAY LB W IAREFRAE N, 76 37 °CHEIRIRIK L
180 r/min H 4% H B IR 14 14 o

BB SR LAY U T3 C2Y A Y 1E 7 ey
RNFEE (50 pg/mL)FEE R (37 pg/mL)H) LB
WMREE IR, 7 37 °CI A TR IR E ODgoo=
0.7 iF, INAZHE N 0.5 mmol/L (15 N 3&-B-D-
it 1% 2 F B (isopropyl-B-D-thiogalactoside,
IPTG)iE S IR iE, MR FMHEN
30 °C, ¥59% 8 h JWtERIA, MEEZ K
(20 mmol/L Tris-HCI1, 150 mmol/L NaCl) &
A, (il FHRB A AL 35% M SRR TR, 17
PR ARG B B S, 7E 4 °C 12 000 r/min 4514
FES.C 30 min,
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Table I Oligonucleotides used for the construction of expression vectors

Primers Sequences (5'—3)

CarS-F CAGCCATCATCATCATCATCACAGCAGCATGTTCTTAAAGAAGATGAATAGAC
CarS-R GGAGCTCGAATTCGGATCCGCGTTATATTGGAAATCTTACAATAAAG

CarS,y-F CGAGGAAAACCTGTACTTCCAATCCAATATTAAAAATGCTTTTAAACCAGTTAAAAA
CarS y-R GCTTTGTTAGCAGCCGGATCTCATTATATTGGAAATCTTACAATAAAGCA

The underlined sequences represent homogeneous arms of target genes.

2L R B TR A T 2R A2 A sk
B JE i BB R IR T
30 min, FH 5-8 AR AFHAYBERRZE (20 mmol/L
Tris-HCI, 200 mmol/L NaCl, 1 mmol/L EDTA .,
1 mmol/L DTT)PEHAEF, MA 30 mL B8 13k
i 2% WX (20 mmol/L Tris-HCl, 200 mmol/L
NaCl. I mmol/L EDTA . 1 mmol/L DTT . 10 mmol/L
AR, WHEHEN . EE AR R
B 70 mL B 552 A 22 il QA (20 mmol/L
Tris-HCl), ¥ % 2 & 28z, A
AKTA prime plus 2 [1)2 47 R Ge x5 315 19 25 11 2
FrMB VRN, WSCER R A5 0 R el A, R D
AR X B 8 LR T IR M 4, Wedn =
2 mL R FUIMABIBERC L IR Z A, e H
AR R ZH 20, P e 4 4 %0 H A0 2 PG
UEHRAE, FRVRYEE 500 pL A4y T80 °CUkAf
1.2.4  CarS.y-vpp T A TAER A B 7E 14 AYAR

{ifi i} Kinase-Glo Luminescent Kinase Assay
Kt 2805 G I 2l Ak 5 28 P A seE 1 . B SEid
1 pH 8.0 (I BRRIAESE ¥ (10 mmol/L Tris-HC,
50 mmol/L KCI, 5 mmol/L MgCl,), & & J&
CarSeyiompe 2 F1 AR RS BATEXS IR, FHBERR
W% PhRRT CarSeyio-mpr  FIFRE AR (2,
4,6, 8, 10 pmol/L), JNAZFAFI 20 pmol/L
ATP (BERRISIZE v, il 25 RSOV FR A 50 uL
(BRI SOV, T 37 °CAF T KBz 30 min,
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TEWR BRI I N A 50 L &EiH, i
Tl BUEARFR 100 uL BRIV, F 37 °CIFH
10 min, FF 96 fLikh, FHIZIhRemEbR U
SR8 R B
JEYITEE I BMEET S5 ATP [, #
BRALIEAE ATP, ETTEAR R HIMAH 906K,
KRR TFIRH ATP FEH RHOCRIIERT S
H 522G ROV AE AR R, RPN, 8@
TEARTIR R SR Bk K ATP AT FE I
AJFFHT CarS.eyio-mpe 2 F HUNE I 14 /0N
1.2.5  CarSey-mpe 5 A B ER L B EEIE M AV
S EL W pH 8.0 Y B R W W 2% i
(20 mmol/L Tris-HCI, 50 mmol/L KCIl, 5 mmol/L
MgCly), 7E 10 umol/L CarS.yio-mep 2 1 A Z

RFIAY T 20 umol/L ATP iR I B 2% vhif , L
Tl SRR 400 pL AOBERR BLBE S N R, T
37 °CAAEF N 30 min, FHBERRIEGZE vh i fs
CarR M BERZARWE (S, 10, 15, 20,
25 pmol/L), AN ASEIRTR A BERR IR G S ik, e
il A SRR FRCN 50 uL B9 NI, T 37 °C4%
P B 10 mine BEJSHNA 50 uL &SGR, B
Tl BEARFN 100 pL RN, 37 °CIEE
10 min, PR E 96 FLilh, FHZIRER
PSR IN J52 J0E ¥08 14)  'neR E o

YRR R FAEAE CarR FEF, CarSeyiompe
R 2 R iR B AE W RR AL IMAE ATP, BEJS
CarSeyo-mpp 25 FIKFBEIR L A F2 F2 3] CarR EE 1Y
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KA G RIRINE IR BB A, 2l BRaSH R
ATP [IHFER . MR ZR Y CarSeyompe 2
WeEHEE, PAF CarR HE W E, 0K S
RRTFIAR ATP (5 R RN A & A e 5t
W RS, LUK CarSeyomse 5 1 HIRERR
FEMEE M

2 HEREHM
2.1 NETRGENENEERESH

FIHAEDE B =T, W F. nucleatum
ATCC 25586 48 112 SRR 741 vh 3 3l s 1 1 5
HATPase ¢ 5 Response reg 5 EN, 4
W, 138 4 4 TCS (CarRS, ArlSR, LytSR,
ModSR). #54A NCBI WP X255, S5 50
FRIE 5 5L [ 2 A B4 5 (Kyoto encyclopedia of
genes and genomes, KEGG)E(#E /%, 4 i
F. nucleatum ATCC 25586 B HEH 4 X} TCS 14
Y2 oife, sk 2 s

Hrpr, CarRS XA 73 R G505 il e AR FAL i o
) CzcRS W 5> RGEIRI TR, A Al o
MU LT CzeRS W/ RGt =R I H . A4
VIR IE B8 LA BORt i 4 i AN e 75 85 s 25 b A=
R 2tE, W2 CarRS W3 REGEH
KA b e] B B R FR R SR
2.2 CarS ERZRLEMTN K

XUEH 53 22 58 1) A1 2 PR Tt — PR Pl N s B85 B

SER BN C v R Y B B, R P BRI A
T IRALGE R ATP 455 45 5. R 9 FhTE
L (CCTOP, HMMTOP, Octopus. Philius .
Phobius. Pro. Prodiv. ScampiMsa, TMHMM)
TN 2H 20 PR 2K L CarS ) /a5 H , 458 3%
W] CarS FE 12— AN 1, AW
HRZE R4 85 (] 1A). H1 Protter A4 45 3] CarS
FE AWM (B 1B) 5 Bk 9 AN w15
F B 25 R A — 3k CarS F Y N Rui Al C K i
IO TN, N i Y (65 165 45 ) 3 (2 2L TR
1-170)h &4 2 AN BRGE, 7T 2 -85 g
JEZ A 1 453 F & 8 KM AN IR (2R
42-148); C R & A — MK B N I (2 R
171-445), NI A F S ZIUR HAMP,
W PR 52 1A 235 4y 3, HisK A 1 2H 220 IR B it A Ak 45 44
i HATPase c (] 1C).
2.3 CarS ER=REMTN K571

FIF AlphaFold2 %41 28 & il 25 11 CarS iF
17 T =, 45 R an& 2A s, CarS
BEEHHEE 9 o BREEF 12 1 p IrSdithy, %
TRH 2 DRI AL, — 200 T N AR i 14 5 A
(IR 1-170), FH—RALT C RN
(R 171-445), 4y 5644 N-dii X3
(N-terminal region) #1 C- ¥ X 43 (C-terminal
region), —REEAHINEE R BN N-d X 3 45
A 2 N EIZEH B (02 T 03), 5 RE5HT
Mg R —3

3= 2 Fusobacterium nucleatum ATCC 25586 E &k TCS RITHEEFM
Table 2 Prediction of the functions of TCS in Fusobacterium nucleatum ATCC 25586

TCS Amino acids Identities/Similarity Homologous strains Deduced function

HK/RR HK (%)/RR (%)
CarS-CarR  445/224 26,47 Pseudomonas aeruginosa PAO-1 Metal ion transport, biofilm formation
ArlS-ArlR  427/233 36, 48 Staphylococcus aureus ATCC BAA-39  Autolysis of the bacteria
LytS-LytR  541/240 31,36 Staphylococcus aureus subsp. aureus CO-98 Autolysis of bacteria, biofilm activity
ModS-ModR 552/260 34,33 Lactobacillus plantarum LPL-1 Against oxidative damage, virulence
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Figure 1 The schematic of the secondary structure of the histidine kinase protein CarS. A: The transmembrane
structure of CarS predicted by different online software. B: The topology of CarS predicted by the Protter
program. C: The predicted secondary domain of histidine kinase protein CarS.
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SEAH A TR AR 1 CarS I HRIVEE Y
FE 5 RIS R4 B 1 BT, N X sk, 26 1 A
552 MESREEZ A 1 AEOR I MM
(FAFETR 41-149), 1744 J L AP I 25 25 4 ik
(extracellular sensor domain), ZZ5 M H 5 4 B-
Pr&B1-pS)H L (E 2B). MM 3 4~ IX 5,
F S EBUE HAMP (2052 171-225), BEfRAZ 1K
ZERE Y HisKA (2218 226-292), 4H S BRI i
b 2543 HATPase ¢ (ZIER 336—445), Hi
HAMP i1 2 > o-12JiE(a3—od) 2 i, HA R TTH
R AR SZ R I B R AL B S VR FE . R 32
S5 F 5 HisKA [RIFES A 2 4 o-8805E(0d—a5), fiE
% e WOk R R A 2H TR IR AR AL 45 R ek

HATPase ¢ &4 4 1 a- 12 jiE(a6—a9) il 74~ B-HE
(B6—P12), ZLEHIHAENS S ATP 455, (LI5HEIR
A (E 2C).
2.4 CarS. EANFKIESAK
2.4.1 FTiEH K pET-28a(+)-CarS BB R RIE
¥ H RF-cloning #£44# | pET-28a(+)-CarS #k
A, 255N E 3A 7R . 4 pET-28a(+)-CarS 24N
JPIRUE S Ak 2 KIGAT I, TR Rk il
3B fli/N, %428 T E. coli C43(DE3) . E. coli BL21-
CodonPlus(DE3)RIL . E. coli BL21(DE3)pLysS —#}
15 AR, (ESARTE HARE 70 5oA S5 3
P14 AR, Xt IPTG e, FakiiE , £k
TSR AT T, (ARG EE R

A

HisKA

C-terminal region

Inside

Membrane

Outside

N-terminal region

B ’ N-terminal region
Inside -

Membrane

Outside

Extracellular
sensor domain

HATPase ¢ B

2 CarS EB=RZEHTNE

Figure 2 The predicted tertiary structure of CarS. A: The overall folding of the CarS molecule is viewed along
with the cartoon. The tertiary structure of CarS was predicted by AlphaFold2 protocol, the a-helices and the
B-strands are numbered, and the terminals are labeled. The overall folding of the N-terminal domain (B) and

C-terminal domain (C) in CarS.
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Figure 3

Construction and expression of plasmid pET-28a(+)-CarS. A: Construction of plasmid

pET-28a(+)-CarS. M: DL2000 marker (bp); 1-4: Verification results of double digestion of recombinant
plasmids. B: Expression of the CarS protein in different host cells. M: M5 HiClear prestained protein ladder;
1-4: E. coli C43(DE3); 5-8: E. coli BL21-CodonPlus(DE3)-RIL; 9-12: E. coli BL21(DE3)pLysS.

2.4.2 FIXH K pET-28a(+)-MBP-TEV-CarS,y,
RO

MBP #7285 AT LLHE N H w2 10 g A
e s EAERRE, JFH 1020 mmol/L %
ZEMETEIR NS5 TR, 153 s ahi i | sk e
P EARE . H T MBP ARZEACK, AIREXS 2R
AR TS AR, R FRAT T MBP AR5l
H1E BRI N b, I E WA 4A BRI EA
TEV Y751 pET-28a(+)-MBP-TEV-CarS,y,,
#H ik, R RF-cloning ¥:HE &4 Fiki pET-
28a(+)-MBP-TEV-CarS.y,, i#id PCR ¥ #¥jH—
AHBGUE, WKl 4B kiE 2 B, B KANF
HEOR o FA BOR 2 P AU 81 Lo, TR
pET-28a(+)-MBP-TEV-CarS,i, 2 A # i 30

2.43 CarS.y.mpp ERNREEHS K
KRN pET-28a(+)-MBP-TEV- CarS,y,
oA BRI A AR EALEE B E. coli BL21-
CodonPlus(DE3)RIL &z &54iffirh, IPTG 5%
FKik, WEERREAR, IR MBP SRS TR
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FMZHT, R SDS-PAGE #EATHIIN, Z52R 4nl&l
4C IR . 143 T 75 kDa 01535 — 4% LT
BT B 1 2%, RN SRS (EARTT . R BT+
LA ZHTEX SERZHT R CarSeyompe 2 I
a2 alAE, ZEIRANE 4D fros . WEARRS
W FIRE AR SDS-PAGE Al 25 5 R0, FE S
HEHDTEY CarSeyompe M. WO H
ALEAXT N A T, W4, AR BB IR E AT
B, SR 4B LEVERLTEY 44 min 40755
—AUEilE, 4 SDS-PAGE Kl 14 F &5
CarSeyo-mpp 25 FIAHART, WA I B X I ) 2
F, mZ58MEAEREL 20 mg/mL.
2.5 CarSeyo-vpp & H WEER ZEEIE M AV T
F|F Kinase-Glo Luminescent Kinase Assay
Kit 1857 & %€ CarSeyio-wsp HYBE R M. 1
P 5 AT, 7E 50 mL AR R 1, B CarSeyo-mse
FEEHE RN (2-10 pmol/L), & YGAH 12 87 Ik
/I, R ATP JHAERDAH LI K, IIEB CarSeyompe
B B
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4 FRIXFK pET-28a(+)-MBP-TEV-CarS.y, B33 & CarS.y-mpr &AL

Figure 4 Construction of plasmid pET-28a(+)-MBP-TEV-CarS., and the purification of CarScy-mpp
protein. A: Schematic representation of the secondary structure of the CarScy-mpp containing the enzyme
resection site. B: Construction of plasmid pET-28a(+)-MBP-TEV-CarS.y,. M: DL 10000 DNA marker (bp);
1: pET28-MBP-TEV-CarS,y,; 2: The results of PCR validation of recombinant plasmids. C: SDS-PAGE of
CarScyio-mpp. M: M5 HiClear prestained protein ladder; 1: Supernatant centrifuged after sonication; 2:
Centrifugal sediment after ultrasonic disruption; 3: Penetrate buffer; 4: Washing buffer; 5: Elution buffer.
D: Ion-exchange chromatography of CarScy,.msp. M: M5 HiClear prestained protein ladder; 1-8:
Corresponding to the fraction of tubes 20-33 on the chromatogram. E: Gel filtration chromatography of

CarS.y0-mpp. M: M5 HiClear prestained protein ladder; 1-12: Corresponding to the fraction of tubes 6073
on the chromatogram.

2.6 CarSeyovpp B EAERIEFEEEEMERORIM D8 0 T 38 2 A 00 SR TR 4 22 Y6 1 2 A Sk i 42 4
H TR 7 R G0 R ARR IR ML B 30 Wi CarSeyompe 2 FAJE 5 HA BEIR S B TS 4
HKFEMAR T HME IS, i FREEHE TSR TS mIK 6 AT, 7E CarSeuewse 2 FIYRETEE N
WE CarSeyompe M HATIEGIE M . MWEGRY. 5 pmol/L IS, 1] 8 S I e v fim A [ e 5 1Y)
WAERZRPINA CarR [, CarSeompr AL CarR Z[1(5-25 pmol/L), MIP#EE CarR & [V
H BRSSO IR B Fe R 3 CarR BEEIMIR (3N, &G B HE/N, ATP WAEREI K, iF
RBARIRHE I, ZI K ATP AR, W] CarSeyio-winp 25 1 HA BERR LR BTG M

&: 010-64807509 : cjb@im.ac.cn
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Figure 5 Detection of the protein kinase activity of
CarScyto_MBp. * P<0.5.
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Figure 6 Detection  of the  protein
phosphotransferase activity of CarScyio-mpp. *: P<0.5.
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2 72 550 FH A A T TR A 11 Ry 225 B L
2 0 T T T 1 Ry R A R A 4 A o R R
SFHYZ5 Rl HATPase ¢ il Response reg. A H
Ui b 425 4l R0 3L ELAZ AR AT TR WAL o R G 5 )
R Z A B OC R, SERmii, FIRAY
=B 2A BN F.onucleatum ATCC 25586 1) X 4H
Gy RGEIATHT B E LR A 4 A TCS
(CarRS, ArISR, LytSR, ModSR), HH, CarRS 7]
AeS SRR N 48 B U, ArISR W] RE
WK A%, LytSR Al BE¥S MRk B iF 549
A TE 1, ModSR A REM K fis/K AL A4 1 A
PSS S A e AT, KRB F. nucleatum
ATCC 25586 M4 7 Z %t CarRS 5 i 2¢5 HL I T
W 5> 788 CzeRS AR R JEME, 1M CzeRS 5
AR 1 D (R R RN 25 1 R 45 4 DDA 9 o 4
LR CzcRS MW RGN BT HEH
CzcR #{4H A PRI CzeS Wilkfb)E, HSRE
CzcCBA AMIFZEE M, A ETE— @ FEEE FIGom
Xf zZn*t, Cd*, Co™'. CuVEH LB TN
PEUT, BRAR 4 o 1 A B s LAY FE 3 CzeR
] UL Las RGE, b ifT%E rhll. rhiR
FllasR = A HEPFR A M E L5 R TR IRAER
IR AR, R P BEAh, CzeR AT
oprD FEH , i ReSMERE B PTA R L&
IR EIAT, AT o 0 o {1 A 1 ELAT T 2
A TR T CarS 9% . —REEM T 25
KR, CarS AL A B L5 1,

75 X A7 ARSI T CarS 8 (& I8 FOMERE .

HfAR KR CarS #H, ASCFIH RF-cloning
PHIE T pET-28a(+)-CarS #hik, IRk MLk
TN TR RIBREFSE, BE LW
FPTIE P ARAGI Y CarS . FIL, Mg T
WA MBP AR (14 P 30T PR 2 1 R R A
pET-28a(+)-MBP-TEV-CarS.y, , 3 # E. coli
BL21-CodonPlus(DE3)RIL 15 3= 40 g o il oh e ik
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WEES A HE O LI H M E AR, e
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J S S B - 52 48 J2E b AR T act i JE A X 2R
ik —L ok, FIAARRIEAZ B 2ZER, K H
M H 5 o i KD B i R i X
SR, R Ea A E A AR,
% F Kinase-Glo Luminescent Kinase Assay Kit iz
G AS DUt S0 S v ATP AR R 5 1
DA SR S St bR I3l T v o SIS SRR, il
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