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pThioHis(A)E& 4K, A T M 83k G6PD Jh B 274 A 4= G48TA R LA RAZ & X #HAK: pThioHis(A)-AChang-G6PD™
#= pThioHis(A)-AChang-G6PD¥™, ] & 48 /it #2444L E.coli Competent Cells DF213 (G6PD defeciency), % IPTG
% G6PD &L, 10% SDS-PAGE w7k 40| £ 38 & & Fo 4 4h 340 nm & F R T G6PD F 1449441 &, pThioHis
(A)-AChang-G6PDY" #= pThioHis(A)-AChang-G6PD*" f£ DF213 ¥ ¥ &L, 49T &% H 59 kDa. IPTG #% % 0.
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JM109 ¥y H TaKaRa v+, G6PD ik [ T4 #k
DF213 (i Yale University [ E.coli Stock Centre Il
%, # 4k pMDI18-T simple £1 pMD19-T simple 1y
H TaKaRa A7), pThioHis (A) 4 H Invitrogen 23
Ao
1.1.3 35

DNA $2HUA A &0W H Gentra A7), RNA #
HGR ) £  H Molecular Research Center, INC 2
", LA Tag™ DNA Polymerase. Pyrobest DNA
Polymerase. M-MLV. Ligation Kit. Agarose
Gel DNA Purification Kit. a MiniBEST Plasmid
Purification Kit. DNA A-Tailing Kit UL & EcoR
[ . Xho I« Kpnl . Sac T Fl Nde 1 ¥4 H
TaKaRa /A 7]
12 7%
1.2.1  G6PD fPa 2

NBT (Nitrblue tetrazolium, PUZM:>%) 48 A

2P b B GOPD &K 58 4F G487A (£ DF213 T RiA 21

5 0 1 45 A R AN VEAE 340 nm SE &I E G6PD I
PEW, 1 U % X A% mg Hb 7E 1 min i& Jii NADP*
% 1 nmol NADPH [l & .
122 515 E

P GenBank #1 (NM_000402) A G6PD 3t [A]
J¥41, H DNAStar ity RIRIAF 1Y) &
1), JFH TaKaRa CKI%E) A a] & k.
1.2.3 DNA Al Total RNA F#2H

Ik il 28 EDTA $ut s Wity , H—HT
$2HL DNA, H f#47T TRI Reagent BD, HT$2
IS RNA, 3300 6 vl B 4
1.2.4 PCR ¥#% G6PD k[ 1) G6PD JEK 41 . 1

AT 2-13 [ TS IOGERT, AhE T 6
ff) PCR 4 1F /& 94C 2 min, 94C 30 s—60C
30 s—>72°C 1 min, 3£ 30 NEI, )5 72°C
10 min #EfH . Ah &1 2-13 /) PCR F=4) 4 Agarose
Gel DNA Purification Kit [0] i 26 b J5 , | ABI
PRISM™ 3730XL DNA Sequencer i 17 XU [f]
W o

Table 1 Primers of AChang people G6PD cDNA clonig and expression

Primers

RT-Nest PCR

Sequences of primers

R1: 5'-CTCGAGAGTAGCAGCAGCGAGGGGCG-3'

F1: 5-GAATTCGCGGAGGGCGACGACGACGAA-3'
F: 5'-ATGAATTCATGGCAGAGCAGGTGGC-3'
R: 5'-AGCTCGAGTCAGAGCTTGTGGGGGTTCA-3'

Sequencing

M13-47: 5-CGCCAGGGTTTTCCCAGTCACGAC-3'

RV-M: 5'-GAGCGGATAACAATTTCACACAGG-3'
F2: 5'-CTGGAACCGCATCATCGTGGAGAA-3'

Site-mutation

FO01: 5-GTACCTGGACGACCCCACGGTGCCCCG C-3'

RO1: 5'-CCGCTCGAGTCAGAGCTTGTGGGGGTTCACCCACTT
GTAGGTGCCTCATACTGGAAACCCACTCT C-3'

R02: 5'-CCGTGGGGTCGTCCAGGTACCCTTTGGTG-3'

R03: 5'-AAA ATACGCCAGGCCTCACGGAGCTCGTCGC-3'

Sub-cloning

F02: 5'-CATATGATGGCAGAGCAGGTGGC-3'

1.2.5 RT- iz PCR 3Hl G6PD cDNA

RNA 65C 5 min &5, {4 M-MLV Jx#;
Sk, DURF S Rl GR 1-RD) O skl
Y, 42°C 30 min [ ¥ 5% cDNA. L cDNA
Bt , M LA Tag™ DNA Polymerase, F1/R1 7|
Yo(F 1D, %4 94°C 10 min, 94°C 30 s—55C
30 s—72°C 1.5 min, 3t 30 NI, )5 72°C
10 min #EH . 7 LL PCR 724 WKL, 514 F/R
(& D #47 =X PCR, [A[ig4lift. PCR /=¥, Il

BRI FEL VK 8 7
1.2.6  cDNA [1 50 J2 %58

H Ligation Kit 3% 4% PCR 7*#J 5 pMDI8-T
simple, #4t E.coli Competent Cells JIM109, ¥RAf
OGS R IR R AR R, % Pk 3~4 AR, T
a MiniBEST Plasmid Purification Kit i I} Jit %7 ,
EcoR 1 /Xho 1 XUV, By NG G FR vk ALl o %F
BHESERE 514 M13-47. RV-M FIF (& 1)
¥, Pt#)5 5 Genebank (Accession NM_000402)
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N IEH cDNA 41 E X
1.2.7 € MR AR BRI

FIFH 52 fUSAR B A B v i) 51 i G6PD
BRI U A OIS AT IE R (B G487A
AR WT HECHRIE B & . DL G48TA-3 Jithi A
BB, F2/R02 A1 FO1/RO3 & 5|4¥)Ht4T PCR, 1577
W1 R, R4 1AL I Ak, F2/R03 K5
YR PCR, 5779100, 4tk J5 48 Sac 1 WY1 13
Insert DNA-1. [d] i}, Sac I BV WT-2 Jiiki, 75
Vector DNA-1, % % Insert DNA-1 F1 Vector
DNA-1, %4k IM109 JFid i 85 5%, OB,
LL FO1/M13-47 & 593t 4T PCR 9 3% LUAS Il 4 A
J B, RPRHYE S BEIN .  GA8TA i e Bl Kk 115
2. UL G487A-3 itk A Bt , FO1/ RO1 51#iEAT
PCR, Kpn I/Xho I i) PCR =415 Insert DNA-2,
[, Kpn 1/Xho 1 M§Y] G487A-3 Jiikif3 Vector

Blood from AChang People

\

Total RNA

‘RT—nest PCR

G6PD c¢DNA (1 564 bp)
lT4 DNA ligase

b
<

o e
pMDI8-T
(2692 bp) I3

k2

orj

&
| pMDI8 G6PD
(4 256 bp)

Nde 1

DNA-2. % 4% Insert DNA-2 fil Vector DNA-2, %%
16 IM109 JfE5 7R B k. PRI YA, LU FO1/MI13-
47 h 54T PCR Kl 46 AN v B, % BH 1 v B
M o
1.2.8 cDNA {1V [

a3 LME BRI AL J5 1K) WT F1 G487A ki
MR, FO2/R K514, H Pyrobest DNA Poly-
merase 9 #% cDNA; ;=“#)% DNA A-Tailing Kit 4t
)55 pMDI19-T simple %4z, #4L IM109. 5%
Bk, POEFEVE, Nde 1 /Xho 1 BFVIFURL DNA;
STBHPE eI o Nde 1 /Xho 1 %541 IER IR 5
¥i ) pThioHis (A) #AAMEAT G, HH, ik
IM109.  55ER K. BRIE TR, Nde 1 /Xho 1 I
IRV RS, - BH AR R S 44 2 1R R I8 344 . pThio-
His(A)-AChang-G6PDY" #1 pThioHis (A)-AChang-
G6PD™ (& 1),

Hind 111
EcoR V
EcoR 1

HP-thioredoxin

Xho 1

\-_‘/ cDNA
ori
Corrected
mismatch bases pThioHis(A) o o
(4400 bp) pThioHis(A)-
AChang-G6PD""
PCR . (5586 bp)
m G Xho 1 ligation
cDNA
(1562 bp) Nde 1 *
\ o
ligation
F " _’ pThioHis(A)-
& ! AChang-G6PD%*
pMDI19-T | pMD19-G6PD : (5 586 bp)
(2692bp) i) | (4 254 bp) k
> —cDNA

Fig.1

Construction of AChang people G6PD cDNA expression vector
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1.2.9 G6PDY F1 G6PD™A 4F DF213 [k

& WT 1 G487A cDNA (¥ & 241 1 4 4
G6PD Gk B3 B4 ¥k DF213, & K 9%, £ 1 nmol
IPTG %55 0. 3. 6. 9 F1 12h J5, A, 4C
6 000 r/min 2.0 15 min, 10% SDS-PAGE # il -
EMPOERRIEE A . A, B 340 nm 10
J6 14 NADPH (1) 7= 5 G6PD Jf . 1 U &
MM 4EE mg HAALE 1 min & J5i8 NADP* 4 % 1 nmol
NADPH /{1 . &8 [ 2 5 4% Bradford 7170,

A ®)

I [ R

Fig.2

M 2 3
1
H/. . .500
1 2

Identification of G6PD G487A mutation in AChang family. (A) Pedigree of AChang family. (B) PCR

% G6PD HE[F 54 G487A 7F DF213 )ik 23

2 & R

2.1 G6PD &M%

KA TN NBT 48 BTk seiF 8 KR
G6PD 75 £ 43 5 4 0.515. 0.932 F1 3.078 nmol/
(min*mg) Hb: P MIRIRA 1.466 F1 2342, ASLE
FEHNEHFE AT 5.5 nmol/(min*mg) Hb.

2.2 G487A RITHYIESE

PCR "X Z it (] 2A) G6PD 3 [K 4k {2

©)
GCCAGAT GGCTGG

t T rN cDNA 487G

GCTGG
1 : ¢cDNA 487A

GC CAGAT

of exon 6 in G6PD gene. M: Marker DL2000; 1~5: Members of AChang family. (C) Sequencing of exon 6
from PCR product. N: Partial sequences of WT cDNA. M: Partial sequences of G487A mutation

1 2-13, B2 B HAW T 6 1) PCR ¥ 35 ™4
307 bp; [EIW 4tk J5 1) PCR 7740 280 P AIE 5247 - Ak
1 6 1) cDNA 487 {7 f] G—A, T % G6PD
163Gly—Ser (K] 2C). HARAMNE T3 TEHIE R
2.3 G6PD" #1 G6PD** ¢DNA I [E K LE

M SEE 2 FIE 5 B B AR LS RNA, &
RT §3X PCR 575 1 564 bp 4 874 (45
1 548 bp [¥] cDNA FINVIBGAL i, B 3A). KI5

2 692 bp H pMDI8-T simple Vector i% #% ,
DNA,

EcoR 1 /Xho 1 W V)] %% 1k, WT-2 7 [

A

2000
1000

1564

(K 3B-2) Al G487A-3 sl M IHVE ALK, Mblfs
BT H M B (8] 3B-3). P45 R 5 IE R
A c¢DNA (GenBank accession No. NM_000402)
LEx e, R WT-2 wd BT —AMEHTC: 617 bp
A -G (Glu 206 -Gly) . 904 bp A -G (Asn
302 —Asp) Ml 1010 bp T—C (Phe 337 —Ser)
(& 4-1,2,3) . GA48TA-3 vi & A7 — > il Bk i ic
976 bp C—A (Pro 326—Thr) #11 504 bp C—T
(Gln 502—stop codon) (4] 4-4,5),

(B)

4361

2322
2000

1000

Fig.3 Cloning and identification of G6PD WT and G487A. (A) Amplification of G6PD cDNA with RT-nest

PCR. N: Normal subject; P: Patient; MIl:
DNA. 1, 4: Without restriction digestion; 2, 3:

DNA Marker DL2.000. (B) Restriction digestion of recombinant
Digestion of EcoR I /Xho 1 ;

M2: A\-HindIll DNA Marker
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A)
GCAAGG AGATGGT GC
£ N:jfcDIRAR617

1

CAGGCCAACAATGTG
?N: cNA 904 A

@

GCCACTTTTGCAGCC

N: g¢DNA 1010 T
)

ACGACCCCACGGTGC
N: ¢cDNA 976 C

()

GGGTTTCCAGTATGA
N: cDNA 1504 C

®)

®)
GCAAGGGGATGGT GC
M: cD 17

CAGGCCAACGATGTG
TM: cDNA_ 904 G

GCCACTTCTGCAGCC
?M: DNA 1010 C

ACGACACCACGGTGC

4 M: ¢cDNA 976

GGGTTT CTAGTATGA
MfAcDNA 1504 T

Fig4 Mismatch bases of G6PD cDNA clonings. (A) Partial sequences of normal human G6PD cDNA.
(B) Mismatch bases of ¢cDNA clonings; 1~3: Mismatch bases of WT-2 cloning; 4, 5: Mismatch of bases of

G487A-3

24 ERRTESHEEHEE

WT LI ME S . F2/R02 Fl FO1/R03 1%}
195y Y14 GA8TA-3 ki, - 1A (&5
A-1. 2 AT A3, 4. FFCLT FIIT MBS, F2/RO3
5194 T PCR, 137210 1023 bp (B 5B-1. 2),
[P G AL T 28 Sac 1 K D) 43 Insert DNA-1 948 bp
(K] 5C-1). #%E$% Insert DNA-1 5344 DNA-1, %
bR 5% IM109, L FO1/MI13-47 5|44 1 8 i 7%
DNA, PFHPETCFE 3 F1 4 & Insert DNA-1 (& 5
D-3. 4). W7 UF B A LA IE 617 bp A—G. 904
bp A—G F11010bp T—C HICEHE, WK N
WT-3, G487A HFCHRIEIIMES:  FOI/ROL 51904"
¥ G487A-3 Ji ki 13 596 bp (1774 (K 5E-1. 2),
2 Kpn 1 /Xho | W1)75 583 bp i BtFX Insert DNA-
2 (B 5F-1). £ FOUMI3-47 59458, Btk v

& Insert DNA-2 (& 5G-1. 3). Wl W 48 e o
£ 976 bp C—A 11504 bp C—T CEKE, Tk
H G487A-4.

2.5 cDNA BT 55 f%

PL WT-3 Fl G418A-4 NHH, FO2/R K54
44 cDNA 74 1562 bp F Bt (E 6A); HH 5
pMDI19-T simple 4. HALE 77 IM109, HEELH
H % DNA (& 6B-1. 2), Nde 1 /Xho 1 143
PEw b (& 6C-1. 2), JPHILMFUE o Nde |
/Xho 1 g DI BH ¥ v B (& 6D-1) F1 pThioHis(A)

(Kl 5D-2) ; HEHWERY A B ALK FE
IM109, $EEUTCR DNA (B 6E-1. 2); 4 Nde |

/Xho T (R FRBEDI W] 5N — & AR g B8k (K
6F-1. 2), 435lfi4 A pThioHis(A)-AChang-G6PDV'.
pThioHis(A)-AChang-G6PD%¥74,



1 2 BB 2%k G6PD FE[K2845 G487A 7E DF213 &1k 25

A (®) (©) (D)
1 2.3 4 M M1 2 M I M2 M 1 2 3 4
WT! ! l !
(E) () (©)
Ml 12 Ml 1 M2 Ml 1 2 3 4
h ! l !

Fig.5 Mismatch bases in ¢cDNAs were corrected by site-mutation. (A) Fragments I (1,2) and II (3,4) were obtained by
amplification plasmid G487A-2 with F2/R02 and FOI1/R03, respectively; (B) Fragments III (1,2) were obtained by
amplification [ and II with F2/R03; (C) Insert DNA-1(1) was obtained by Sac I digestion Fragments III; (D) Positive
recombinants (3,4) were identified after ligation Insert DNA-1 and vector; (E) Fragments IV (1,2) were obtained by
amplification plasmid G487A-2 with FOI/R0O1; (F) Insert DNA-2(1) was obtained by Kpn [ /Xho I digestion fragments [V;

(G) Positive recombinants(1,3) were identified after ligation Insert DNA-2 and vector

@ v 1 Bm1 2 Owr g

> e @ vi 1 2 M2 Ovi1r 2 Owmo1 o2 m
WT; I =
M2

1 Ml 1 2 Ml 1 2 M2 Ml 1 2 M2 Ml 1 2 Ml 1 2 M2
G487AI H i . i H

Fig.6 Sub-cloning of G6PD WT and G487A. (A) cDNAs were obtained by amplification plasmid WT-3 and G487A-3 with
F2/R02, respectively; (B) Ligation and identification of ¢cDNA and pMDI9-T simple (B1,2); (C) The recombinants were
digested with Nde I /Xho I (C1,2); (D) Positive recombinants and pThioHis(A) were digested with Nde | /Xho 1, respectively
(D1 and D2); (E) Recombintants were obtained by Ligation of ¢cDNA and pThioHis(A) (E1,2); (F) cDNAs were obtatined
again by digestion positive recombinants with Nde [ /Xho I (F1,2)

il

2.6 G6PDY #1 G6PD%¥A 7£ DF213 YR iA 1E 73.3~355.7 nmol/min.mg 2 [f], [fij GEPD¥™ yif;

2 10% SDS-PAGE Fiill &Ik ) G6PD & 1, pE7F 2.7~32.5 nmol/min~mg, 7 & 412 5 & 11 20~
DT EZ N 59kDa (B 7A); IPTG 55 0. 3. 6. 25 f% (B TB). L5 H N mas, KA T = WAhsr
9 R 12 /M A GOPD % P LI I H, GOPDY eus
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Fig.7 Expression of G6PD" and G6PD®*™* in DF213.
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(A) GO6PD expressions were checked by 10%

SDS-PAGE after IPTG inducing 12 h; (B) G6PD activities were assayed after IPTG inducing 0, 3, 6, 9 and

12 h. These results represent three independent experiments with mxs

%

3 iF
Vulliamy ¥ 5€ it & P 4] G6PD Mahidol
G487A (Gly 163 Ser) 4%, KEAE G6PD 3 A
HNE T 6, fEZRTE WA X S AR )k 15%07,
FEG0 ) FRE SR R R IX . G48TA 2845 |5 G6PD 5847
11 91.3% (73/80) U, Zg[E A [ HLIX 1) G487A &
BAE 8%~17.2% 1, & [H & K L1 18 5] G6PD
Mahidol ¥J7E =/, RLFEDUE 7 6. FE 7 BRI
TG 4 A0S, e A Al S P R ELAC R 289 2 rh i
B B ) GOPD [ UL G487TA Jyf L ZAr (M
Pk 5y SCHRaE D, X P oAb % LA G1388A FHI
G1376T Ky T ZERAZ R IE W] AN A1,

G6PD Mahidol ZE7 4 FHE R4 2T 6 15—
Mg FHE G—A (fE cDNA [f] 487 £, 53l (A
ff) 163 Gly—Ser. G6PD 163 Gly FIfR T 435041
7, PR ey 1 AU aR I, B ml ok 5
SRR GRET, HLELMANE 2. GOPD 163 Gly %
# B F /2 E (Trp-Asngs-Arg-Leu,g-leu,g-Val )
m@%%m,ﬁEﬁF%ﬁﬁﬁmmmeu
R0, HEMTTBE 163 Gly A2 % Ser J&, 1l it 5% 0
G@D%memam,ﬁﬁ%ﬁﬁ%ﬁ itk
w&,h@ﬂMﬁuﬁGwﬁﬁf%G@ﬂnu
M, 4 Gly &% Ser J&, d#id %0 G6PD 5 G6P
MMDX AR PR, ﬁﬁ e NG
AT 93 Mo vl BUAE D Y Ser & K R JE 4]
(HO-CH,») ALY Gly I R JEH (H- J&, itk
AR AL BRI, W B 2 E MBS
Feog, HEMm 5 NADP* ok G6P ()45 &, & H
)Y T O R PR S DXARPE R I, RT3 5 WA 1) 35
7 55 198~206 JUIIK  (Arg-Tle-Asp-His-Tyr-Leu-Gly-

Lys-Glu) (177 [a] f 209,

B B i JGUE 2 1) GEPD 3 1 A 1F &5 Bl B, i 1)
9.3% I FE WL LA, JRIER KRR,
KA K GA8TA. M & H & i iE (1) 18 ] G6PD
G487A ¥ J& I RTINS CRII Rl 12 4 1E 5 16 10%~
60%, TCWRIM KA 148, ul ), G487A RAZHA
IR KR ) Z R T 3P B GEPDH 5¢
RN S I Dife S IR R C R, LA

K AR T BN ) 2R A, Bk T B O AT 4
G487TA FALAER] BB AATh e B P ok, T
AT S J S i 2 M I B 5 AN 44 1) 4 I RNA
WHL G6PD cDNA, bif#%] pMDI18-T simple 4%,
£ PCR 51 51N Nde 1 /Xho 1 BEVIL A5, VIR
pThioHis(A)E A IR H 14 150 NEIEERR, H4
@R G6PD “native protein” FKiAZ A& pThioHis(A)-
AChang-G6PDY" il pThioHis(A)-AChang-G6PDHA,
[F I, 3% F G6PD k[ [) E.coli DF213 {F 2k 3k
BIRE, HEE T W TE GEPD Tk, X G6PD KL
NEFHER, AL bRk, iRk

A& EH “native protein”, X B AT H 4 i
GO6PD™ [ 4y B 2lifh . B ) 2% 2 JU Dy Re ik 51 34
& T HeAi .
S ke
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EXPRESSION OF G6PD GENE G487A MUTATION IN DF213 FROM
ACHANG PEOPLE OF YUNNAN

YANG Yin-feng", ZHU Yue-chun", LI Hong-jun?, LI Zhi-gang', LU Hui-ru', LI Dan-yi',
CHUN Ying-bo', FENG Wei-Yang', YU Guo-yu', HUANG You-guang'

(. Department of Biochemistry, Kunming Medical College, Kunming 650031, China;
2. Institute of Medical Biology,Chinese Academy of Medical Sciences, Kunming 650018,China)

Abstract: In order to get the recombinant protein of G6PDY and G6PD®™ and study the changes
on the structure and function of G6PD®®*™* in AChang People, full-length ¢cDNA coding human G6PD
gene was obtained by RT-nest PCR from the proband of G6PD deficiency and normal subject in AChang

people. G6PD cDNAs were cloned into pMDI18-T simple vector and the mismatch bases were corrected

by using the site-mutation technique; Then cDNA were sub-cloned into the expression vector pThioHis
(A) and expressed in E.coli DF213 (G6PD deficiency). 10% SDS-PAGE -electrophoresis analysis showed
that the expressional G6PD native protein molecular mass was about 59 kDa. G6PD activity increased
gradually after 0, 3, 6, 9 and 12 hours of IPTG induction by monitoring the rate of reduction of NADP*
to NADPH at 340 nm spectrophotometrically. G6PDY activity was about 20~25 times of GO6PD™™
activity. In conclusion, the prokaryotic expressional vectors, pThioHis(A)-AChang-G6PD" and pThioHis(A)-
AChang-G6PD™™, are constructed and expressed in DF213 successfully. It will be helpful for further

study of recombinant enzyme with G6PD%¥A,
Key Words: AChang people; Glucose-6-phosphate dehydrogenase; Gene; Expressional vector
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