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Abstract: Objective To clone the riboflavin kinase gene of Panax ginseng and perform bioinformatics analysis to construct the prokaryotic
expression vector and induce its expression in Escherichia coli. Methods The sequences of comp61599 c0 seql2 were screened from
transcriptome database in P, ginseng, and software and online resources were used for its bioinformatics analysis. The 3” end of sequence was lost
and the full-length of 3” end sequence was obtained by 3’ RACE technology. The complete sequences of cDNA of riboflavin kinase in ginseng
was obtained by PCR amplification, and the prokaryotic expression vector of pET-32a-PgRFK was constructed and transformed into E. coli
BL-21 for inducing expression. Results A riboflavin kinase gene with length of 1 200 bp was successfully cloned from P. ginseng which
encoded 399 amino acid and its prokaryotic expression vector was successfully constructed. The molecular weight of SDS-PAGE electrophoresis
results was consistent with prediction. Conclusion The PgRFK gene was successfully cloned and expressed in E. coli.
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BRI LS RAE B 2 B )

v o B R T A E B G 7, R
B R AL E R (flavin mononucleotide, FMN) FlIji#
MRS A% R (flavin adenine dinucelotide, FAD) [
BITAA, FELHMI N A% B 3R 1 R DX 2 P 3B A7 AE,
Z SIS R R A Ab I e, A
(R 24 BRAE I, A% 55 22 I8 (riboflavin kinase, RFK,
EC2.7.1.26) fEMEFERARIFE EE/EM . e
9 FMN 5 FAD 7351 RFK 5 FAD &1 (FAD
synthase, EC2.7.7.2) fift.. RFK AR ZAERX
PR IR RRE L0 5 AR iRk, B FMN.
BLJRTE FAD GREEIL T, fiEtL ATP BRI
%) FMN, JERC FADUL, 53X 2 FPEgHA CHEE 2
ZAE— B g 10, T AR A R A R )
WHFCE RI, B T AFAE T 3 b A4 50— ThBE A RFK
A FAD &Hg5h, HRFPISAAAE RN A A5IX 2 FhT)
REMIXUI)RE RFK/FAD 5, 12l L7 5L Am )
ORI, JERAER A R IR D Re/E R
RFKUZB], FEAEREYIHIRERAE Dt a R AR
PR IEE AR .

AR, RI—LLE RFK AR
A, BN, 7E— P&, T (death
receptors) 4 fll 5 BEEL# 5 RFK 4G5 52 &
T, B OE A R YR I i iR MR e T R B TR
( nicotinamide adenine dinucleotide phosphate ,
NADPH) % fLf# NOX1 (NADPH oxidases 1) /=4
PR (ROS) A&, HETT R I 40 i T 1F
FU4; ZER A T R, RFK A BAME 0%
TR W HORE R S); FECFLBERR A T RFK IE A
AP N BESE AR ThRENCL,

NS AR R JE R R AW TE , ASHE 72 LA S 36
FHTHSAF I E R N 42 DAFERK AP AS
e AR R A, d I e P AR B3 A, R
comp61599 c0 seql2 J¥ %], #F A RT-PCR A
3’RACE HiARTekEH A2 RFK %[ (PgRFK), X
BRI AT ARG R AE S B i SRR AL,
BE— BT I RFK BIZE) - Th e B E SE A, A
NANZ B GV FI R E S oo, N
fiEE R N2 8 AR L 52 B L
1 ¥

FESEE SRR K2 NS REREIT RS
M LA FE L, B AR R 2 F LR
N N2 Panax ginseng C. A. Mey. “ K577 .,

2 ik
2.1 RNA {ZE15 cDNA B3R 1F

YANSHFE T WA, %18 Trizol W77 &
JTEFEIUS RNA, 2 TaKaRa 27 3’RACE &7
SRR, T RS, 3R13 cDNA, {RfF
F-20 CUKHi#H
2.2 PgRFK EEH 3> KimAIIRE

MR S0 AT AR, 2 NS H g A 8k e
h, Gk 1 2% PeRFK, AR#E 5 HARAE Y+ ) RFK
BRI P AL, R 3Ky %. Ll TaKaRa
3°’RACE | & " 1) 3’ RACE outer 55 3’'RACE inner
2 %519, 1 2507 A B AR OR 57 X 48 E 1 TH GSP 1
out 5 GSP 2 inner 2 2551¥). LARFEIP cDNA
R, 1 F 77 & 7 (1 3°RACE Outer Primer 15 GSP
1 out 2 K5I WIHETH 1 % PCR, R/ LASHE 1 #2610
PCR =¥ utitR, FIHAK &+ 3’ RACE Inner
Primer [¥]5 GSP 2 inner 51%), #4758 2 % PCR,
WEESE 2 %61 PCR 74, &38| T Hidk, 35
e T B SR IR AR
2.3 PgRFK £EHEKFFITE

¥ 3Bl 4 ARG IR R 7, 531 B
LR P, ARYE R ) g X it 2 250
Y514 RFK-S 5 RFK-A, LAAZ 14 ML
cDNA ABHR#EAT PCR 748, RNAZFH: 95 C.
5min, M 95 C. 30s, 56 C. 30s, 72 C.
90 s fff¥ 30 . 72 C. 10 min 5 ZEfH, 4 CZ&1b.
WARBIK IR RN, iz BFps 5#ie b
P — Bl
2.4 PgRFK EEHHEXENEEZES

¥ ER B ANZS T RFK WRAERTF IS
FAb A T i RFK 2 5 1% 1) 3R 4T [F) A 20 A
FERE L HEAT A OC I BB R A WS B b, LR
FE AT AE L 3k ZE Y. ProtParam tool Chttp://web.
expasy.org/protparam/); SOPMA Chttps://npsa-prabi.
ibep.fr/cgi-bin/npsa_automat.pl?page =npsa_sopma.
html); WOoLFPSORT II Chttp://www.genscript.com/
wolf-psort.html); NetPhos 2.0 Server Chttp://www.
cbs.dtu.dk/services/NetPhos ); SignalP Chttp://www.
cbs.dtu.dk/services/SignalP); SWISS-MODEL (http://
www.swissmodel.expasy.org/)
2.5 PgRFK [RIZFRIEH FRIIEE

7S BN A RS B8 — B A S
RFK 5245 &4 pET-32a (KK AAT B 1 Bk,
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PA BamH1 IR N VB HIBEY), SEE RS
WAKFBL, T4 RS 16 Ciktd, #HBALRIKITE
DH5a FPHkBUA ST PCR, KA H B F B R
¥4, TeMRL, LA Neol WYIBHHERD], VI IERRH
BOR/INISORE N B 1) R BOE [ B2 () A% RIS B
2.6 PgRFK EEMFEZFIZRAG

PR B AR IR R BL-21 KA
o, FIFER S T-S 5 T-A #H7 % PCR, FEEH
PETCRE, §RE)E, B mL IMAE S 50 ug/mL &%
HHE 7N 50 mL LB ¥i554, 37 CHEJK 170 r/min
BB (365 nm) M 0.6 I, IIAZIRE N
1 mmol/L 1) 5 N EBRAC - FLIETY, 4k 45577 4 ho.4 000
r/min B0 10 min WEREE, A 4 mL PBS K,
T RE S B 160 pl 25 1.5 mL EP &1, 3N 40 L SDS
R, B 10 min, AHEFEL 10 pL BEF_ERE,
SDS-PAGE H3kA% o
3 ZR59H
3.1 RFK £ cDNA HI3R15

FIH Trizol 177342 H RNA, ATHREU RNA i
SRS I26E, FIH TaKaRa 3’-RACE 556 [
S cDNA, 33129 750 bp K146, W 1 s, &
SRR ST, R4 T RFK 1) 3° K,
HHFFEFFE, R4E NCBI FFEEHE (ORF)
TELRLEXT, ZEFRNES—MKEEN 1200 bp 11
ORF, 4l IR K 399 aa. MIEFTEFEHIEITHA
2 RFK W51 RFK-S 5 RFK-A, 58]—4
KJEHN 1263 bp HIFFIWE 1, 5197 FEE K 1.
3.2 PgRFK HHXEMERFESH

M4 ProParam Fijll HFTEL & ORF i &
AT, 2P HIRTRIIRR 399 SRR T2
A Ca000H3111N5170580S13,  FHXS 73T L= A 44 095.6,
L (pD N 571, AREfRECN 4132, HER
AREEA, FKRIEECN-0.127, NoEKEEA.

NPS@ M u% 1 ) SOPMA T H. il & B ,
PgRSK HH o MEHEAT 5 LN 34.84%. B #fN
11.53%. IEMHEEAN 19.80% THEE A 33.83%.
GenScript %38 [ WoLFPSORT II £ £k i % 1 ,
% HE R B A B SRR R . SignalP 3k 14 TR0 &
B, ZEAANEAESKIEE. CBS MY NetPhos
2.0 Server TN, PgRFK & H BEER (AL
RTUIME T 0.5 222 RA 20 4>, TR ERA 74
FREIRA 10 4, Hph TFRERTHIM 85, 129,
163 fLff 2218, LARALT 149 280, 335, 386 fiL

A M12345678 B M 910 11 1213

2000 bp

1000 bp
750 bp
500 bp
250 bp
100 bp

2000 bp

1 000 bp
750 bp
500 bp
250 bp
100 bp

M-Marker 1.9-7 FAXHR  3~8-3"Jy Bti&$k pGM-T M PCR

10~13-4K B BoZ: pGM-T I PCR

M-Marker 1 and 9-blank control 3—=8-the result of 3’RCAE PCR

10—13-the result of PgRFK full sequence PCR

1 3KIBER (A) # PgRFK (B) £KEREFMN
PCR

Fig.1 PCR amplification result of 3’RCAE (A) and PgRFK
full sequence (B)

#=1 ¥ PgRFK EEFRES|4)
Table 1 Primers used for amplification of PgRFK gene

ElR/EL FE8I (573
GSP 1 out GTATGGCATTGGCTTCAAACTC
GSP 2 inner CTCGTCATTGAAGATTCACTAC

RFK-S CGGGATCCGATGCTTTGGTTACTCAGTTTAT
RFK-A CGGGATCCAATTTATAAATGACTATTCTCCCC
T-S (H/h5833bp 4&) TGCTAGTTATTGCTCAGCGG
T-A (Hfk 5631bp b)) CGAACGCCAGCACATGGACA
) % S R () PN o3 f I 1, Dt Rl R ) T
AL AT, LA 2,

fR#E SWISS-MODEL M3 %} PgRFK & [ 1)
S REERFEAT I R (B 3), HAEmERE
Bl ¥ 73 A S AU R T SR ACARAL, 5 AR A —
FEOTLEA L RYBETE

H AT7E NCBI ##li Ferh, RA&AKHLS AZFRIFHE
) RFK 741, fE5 HAd R i [FE e b s bk
L, PgRFK 5 Z K7 #1 R Esar (B 4.
IR T HELRIZR A, DASAE BB [A]
PP, RRBEOVEEE R Z R RFK HEE TP
H| 5ilid RACE 343/ PeRFK 4K 2 A 54T
X (& 50, RIAZ B R IO A2 X L9hE ) P oAE 0 Ok
S, HEFEZEDUSIRAE, BA58EHAE R
PTAN fR~FIRE5 4L,
3.3 PgRFK WREZFIEE A HE

LA Neol WIS E), A4 pET-32a B A(E
B (E 6-AD, HBEY) BN 1000 bp FE AN IE ]
BERERAR, 250 bp ZoAq I I R a A, AR K
(6-B), WJLAEH, 3. 4 Al 5 ¥kiE AN IE )&
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phosphorylation potential

(=]

AT O GA TG I TT I GG I T AT AT TLATT
BamHI RFK-S
a:gggmﬂmmmmﬁTm
3

GTTTGAGEANATT

T AT T AT T T T T S T T T ATA T TG AT T AT T AT T U T T T T A A AdSA T
GOATT G T GAG TG G TT T TAA AAGTTT A CT TG T GRA AGTATGERA AGCAATGEEATES
GAGAGGAGITOATA A ATAGT A A A A AT A G A A A CT G O AGCTGCA ATTGT
GOA A AT AT GG T T T O CATAT C TG T GG AGAAT T AT T T A GAGAT O A IS AATST
T T A AT AT G T G A TAT C AAA G T T T O AGG TGO AATOEGT TG AT TAA ACAT
TTITAGEG O AA AGG TG T CT G TAT G AT TGO T T O A AA CT T A EEA A ATATT
mmﬁmmﬁ:ﬁ%&ﬁmﬁﬂmﬂﬂﬁmﬁmT
CRATGA AT T T A T A A A AT T O T AAATAT T O T T GA AT A CT A A A A AT
TTAA AAT T A T TAA TG T T T AT I AAG AT AT AN AGETG TIATES TS
GTAAGEC TG T A ATEA AT TG L
T A T A A A T A S T S AT AAT T T T T T TG AT C LA O TG AA A AT OGS
T T A T o AT T A A AT TG GATATATAGT A AT LA A A TAG A A TT GG T ATATTGOT
G O TG T T AT AA A SGAT T T G A G T T AAAGGT G T TG AATA T TAT AGTTAA
T T AT I S A A A A S A T A A AT T T T A A A AT T AGETGTATATTTIS
GT TG TG AT AT AAT ARG T T LA C AAGAT T AT GAG ATIGET I RA AT
O T T AT T T T A A A A O A A A A A IS ATTH G-Aﬁ::\Cé‘:.I T T AT A A EA T TT T A
Amﬁmmmmmﬁﬂﬁﬁw&amﬁ
AT T o AT N O T T A A S T L A A A A A AT T AT A AT AT AC5EA A AT TS AR,
A TTGA ACTTO T T TG TATTC A AATTATASGEAT AT AA ATATCTCA AAAGET

COTT GO ATG G GEAG AATAGTOATT TAT A A ATTCGEATOD
REX-A LIRS BamHI

E 2 PgRFK EFEKFIIRFIIER
Flg 2 Sequence information of PgRFK

i XM _010647851.2
E Lk XM_011029133.1
A XM_021805350.1

-~ Serine Threonlne —Tyrosme Threshold
1_
100 150 200 250
R ZibA=)
BERR AL AL A HA = LTI

3 PgRFK #HXLEH70N
Fig. 3 Related structure prediction of PgRFK

XM_008239171.2

R PCR, 200 bp A4 A= 8k,

Pk . DU IE MpERE R AR 3 A 2] BL-21 KT
o, BRECR TS RE AR DUB 519 T-S 5 T-A d#H T
1 500 bp 4 K]

K& XM_003529248.3

ZIR XM_011073295.2
—L s

XM_006347071.2
XM_009588291.2
LRI BT006373.1

— JEALKRE  XM_015793899.1
K XM_004969958.4

_|: JRER XM_005648965.1
SFEEEREE XM 003074631.2

El 4 PgRFK SHMEYIF RFK BEIRME 57
Fig. 4 Homology analysis of protein PeRFK amino acids in
P. ginseng and other plants

NIEERE NS i o 2 ) A% Rk # i,
wmE (6-CH, A 6 FKikih v T
pET-32a-PgRFK JE % R ik 84
3.4 PgRFK ERMEZFSRIL

it SDS-PAGE HLyKRJ A1, AHECT HAh L
MW, IPTG #5531 pET-32a-PgRFK (1) 5 41 # 7F
62 000 /A7 HBL T 4471, PgRFK 2 (A [ AHXT 2 Jii
B4 44 000, H R pET-32a #AK ST FAZ R IAN,
HARZERNZIR 18 00009, B LA EA f5RIEME A
KGR, WHEH PgRFK & ) 4 H
CamYRIE, WE 7.
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OglKALPGiE f.&.l NHLRGH%SWSNS?&?N IE SKIS! 20 GWI'CESFE 5B\’GGDE\ISA%%(&SPE IFLE%RLKMDP S&C&VIEDSI p%asm%

AtRfk|190
NtRfk|190
SpRfk|190

0 201
SiRfk|188

VIA‘\.-'PS LEKE'—]I.YTSILDEV INSLL HFJ.EKW GLPPFRQDNIENT LPEP ﬁ'I GGPVIKGFGRGSKVLG STK DYID]‘_' LVEHPSGVY FSWAGLIR_R

VMAVPSLAKQSHSNTSADEVITSLLDEQRFKWGLPAFQDRIEGTL.SREPWY I GGPVIKGFGRGSKVLG SFEGYSBILSEHP GVYFGWAGLSAR
VMAVPSLAKQSHENTSADEVINSLLDEQEFKWGLPAFQDRIEGT L PW¥IGGPVIKGFGRGSEVLG SPEGYSATILSEHPRGVYFGWAGLSGR
VMAVESLEKQSHEY TSADEVINSLLDLRPEEKWGLPPFQONIYSTLPIEPWY IGGEVIKGFGRGSKVLE. SAESYSMILSEHPSGVYFGWAGLSMR
WAVPSLPKQSHI.'TSADEVIHS]'_I.DLQPEKWG]’.P.I\FZWIEGTLPIEPWIIGGPVIKGFGRGSKV‘LG SIEGYS.I\ILSEHPSGVYFGWAGL'TR

Consensus|201
300

VVAVPSLPKQSHLYTSADEVINSLLDLQLEKWGLPAFQDWIEGTLPIEPWY IGGPVIKGFGRGSKVLGIFTANLS EGYSAILSEHPSGVYFGWAGLS R
00 310 320 330 340 350 360 370 380 390

AtRfk[289
NtRfk{289
SpRfk|289

2 300
SiRfk{287

RGVIIQ{VMS IGWNPYFENFERRIEPWLLHRF TEDFYGEELRLEINGY IRPEANFSSLESLEAKTHEDRE

RGVERMVMSIGWNPYFNNEEK L IFE PWLLHGFNE DFYGEELHLENAGYTREEVNFSSL JIAKTHEDMEKEAFRALELPQY LKYRDDPYLEI ——-
GYIREBEANFSSL IAKTHE DRETAF LEL?-»QYLEI'JDPYL

RGVYHMVMSIGWNPEFNNTEXEIE PWLLEDFNEDFYGEELHL —
REV¥KMVMSIGWNEYF DNTXKTIEPWLLEDF DEDFYGEELRLATVGY IRBEANF PSLESLRAK THE DREMAE TALELBL vENYRDDX Y LRSSLHCENSHL
RGVEKMVMSIGWNPYFSNEEXEI1E PWLLHDFREDFYGERLRLAIVGY IRQEANF PSLESLYAK THEDROIAE TALELEG DQYLESSPOROSsS—

Consensus|300

RGVYRMVMSIGWNPYFNNTERT IEPWLLHDFNEDFYGEELRLVIVGYIRPEANFSSLESLIAKIHEDRKIAERALELPQYSKYRDDPYLKSSLHQEN

5 PgRFK S5E#EYI+ PFK B REIRF 5Lt
Fig. 5 Alignment of protein PgRFK amino acids in P. ginseng and other plants

B M 12 3 4 5 6 C M1 23456 789

BamH 1(139)

- 7_\‘?"“ 1212)

2 000 bp
1 000 bp
750 bp
500 bp
250 bp
100 bp

PET-32a(+)

(5900bp)

A-pET-32a #ifAf5 8 B-pET-32a-PgRFK M II45 4 (M-Marker, 1. 5. 6-JERAIRIEEREIA S, 2~4-HEREMEZESEE)  C-BL-21
(M-Marker, 1-Z5ER%E, 2-pET-32a F#4k, 3. 4. 6~9-IEAI#EEEH pET-32a-PgRFK)
A-information of vector pET-32a B-enzyme digestion results of pET-32a-PgRFK (M-Marker, 1, 5, 6-reverse linkage results of target gene, 2—4-forward linkage

4 THe

results of target gene) C-PCR results of BL-21 (M-Marker, 1-blank control, 2-empty vector of pET-32a, 3, 4, 6—9-correct connection of pET-32a-PgRFK)

B 6 PgRFK RE#ZFIAHAFAIE

Fig. 6 Construction of prokaryotic expression vector of PgRFK

SRR A AR . RFK 22 51BN N

L KB, RAMR R R R AR, (FNERR A B —, £ =R

H, Pl =

R E A o, R S e A AR R AR A, JF R REAEAE B

RAGEE BRI B R O I, AR RS PRV ARSI EE R ER . RFK S 55
HE DR AR FE A (AT ST R I, IR A B AR B SR Bl , 5 VAR B U G R A Rtk —
B R L K RIS, FTREAS R DX R A4 BT,

2 R 1200,

T ERAR@ AR K et , Wl RE T A 2% RFK AT FHSRII ST R 7T, XT3
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75 000
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i
I

48 000
35000

25 000
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17 000
11 000

Ra. NIRRT

M-PR1920 1-BL-2 Jiii# 2-pET-32a % #H AR IPTG i T
3-pET-32a  Z#HMINIPTG i5S  4-pET-32a-PgRFK i IPTG %%
5-pET-32a-PgRFK Jill IPTG %5 5

M-PR1920 1-E. coli BL-21 2-pET-32a empty vector without IPTG
induction 3-pET-32a empty vector with IPTG induction 4-pET-32a-
PgRFK without IPTG induction  5-pET-32a-PgRFK with IPTG induction

7 PgRFK By[Ri%RIA
Fig. 7 Prokaryotic expression of PgRFK

HAFTRY, HEYTRXEE RFK/FAD SR§HE A

H N-ARis 55 C-AR I ) G5 K873 736 2§ FAD A5

RFK, HALT X6 8 A N-AR w2 o 1) FAD

AR T s R I B SR, KA RS By

M1, AHFF R RE Y PgRFK A5 B 5 HARY)

TR, JFCE KT w RIS N 70t

TR RFK AR b 2 B HAB A R I R

JE SR I TE A N RS S B E A NS, SR

TE L ATREY M Il - RE A R A EE B A 5 ThRe, 2t

M A#7~ PgRFK BREEMIZ R LISMIZhRE,  BLAOK

URAEAR Y R PRI 50 B St
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