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HESHEHEFEERAERBEER

Refa, R94#, & %, L &, ZRE, BAX
(MR ARl , K& 130012)

WE  RWEAERKIME (hGH) MEIRRT I K GFF B &+ i, 2wtk hGH R+, Bnsk
K TCIEE A P 41K 8 1040 bp, SRS T5 EE R0 A 30 45 MelE SERZ TR, SR BCt A A0 vk 4
WAREN 152 2 M FES IEMAZEEN. DA-PCR 1 OE-PCR BHE= 25 T7 RN IEG 1 4031, & LA
BB IS TR AR T 93.93% .

XA ANERME,; EFEAH; WPk

HESES Q516; 0629.8 SERARIRED A XEHES  0251-0790(2008) 10-1995-04

N4 K ZE (Human Growth Hormone , hGH ) J2 1IN FEAA i -8 FR M 41 i 4320 1) 191 423 JE 152 4H 1Y,
FARBERAL I B A IR, 828 22000, A DIEFE AMRA K, SEm e AR, BERIIR 2R 10
. AR LI AE KR B Z AE | Turner Z550E | Prader-Willi ZRA1E | 18 1 ' 525 55 2 il
e R A A KR Rt T R I AR AR S IR TR A S e AR A
BERR T mRNA 304 545 31, B2 NS0t 22 1, Pl HCR ) TR TR DR A A 8 A X
) (RNA SRR A2 1 S0 A MO ESMA L, ik 2SI (o7

B, AT R 54656 AR SS & )52k S0 G hGH 2, ek ik ny T
. SO hGH BB F AT T 2 R, 240 R A 8O DRGSO R h B AR R, &
JhGH R it — P AYRIRBEE T FEA).

1 SEISESY

1.1 # #

PAEEERATIR IR A T AR, £ PAGE 4lifk; pfu SR E RGN H Ferments; PR il 4 4 VI
T4 DNA ZEHA T7 %R YIHEG 1 304 H NEB A
1.2 hGH EFEMIER AR

M GeneBank H#rif] hGH B2 ILIRIT G L, RH E. coli 7 135356 B AL DNA J¥51, 743
A% 60 bp 247 B HAEE SERZ TR, R A2 1 BRI 1 DF 32 il 4 1 R WU BE AL
1.3 SLBAHZE
1.3.1 BHEREHBRELESR  FIT ABI3900 DNA H 34 AN, R Bk e = Bk AR & s &
PR ST IR,
1.3.2 DA-PCR #f# B R B A A Ahoii BEE SEAZ T IR AR BN 2V B 100 nmol/L, P 4% SEA% 1T
R H BN U FE 25 nmol/L. UWAKZR : 10 % PCR ZZ P 5 wL, ANTPs( i 8B IRIE S9)4 pL,
pfu DNA R4 0.5 pL, f/KENE 50 pl. PCR KA ZcAF: 94 °C, 30 s; 53 C, 30 s; 72 °C, 1 min; 5
5220 MGFR. R T R N R A BB A S, DRk P B SE AT R MR B | AN A SEAS T IR
R EbFR IR A 3 AN A
1.3.3 T7 BN yEe 143 Gy B A Tse i vk, MRS, T T7 RN VIR T ZZop
W, T 94 CZA8ME3 min, ZHEFRR R SR, MA0.5 uL T7 BRNYIRGE 1, T37 CIRE 1 h, T55<C
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FHRE 1 h 5, FEER F vk AT

1.3.4 OE-PCR #%#E2FEH RWMAKR: 10 fif PCR P 5 wl, ANTP 4 pL, FULF=H 1 L, 519
P1 N1 pL, 51¥ P2 A1 pL, pfu DNA B4HE0.5 wL, MZAKKNE 50 wL. PCR W 414: 94 °C, 30 s;
53 °C, 30s; 72 °C, 2 min; EHE 20 AMER. =Y HEER RIS, FRRME T7 RN UIRES 1 b2
1.3.5 M7 # Ak pUC-hGH By A9 2 K5 B SUsEJE R Sac T A1 Xho T WU 1. pUCIS JFiAr £
D)5 FAASC M B R g Ab B, BRI, 5 HMEEE T 16 CiEH, Ji. EAHEEEE A E coli
IM109 B2 540 rp, F37 CIRE 1 h, WA TENEEFER . X-gal M1 IPTC MM LB iia%, A
WV, PRBUTURL, LRI PCR IR, K BHME FE et 22 A4 TP,

2 HR5H

2.1 EWBFHRL

R T IIMANARK LR ARG &K T3R5, MR K AT 1R 205 00 0 & 1, ket ffii A
E. coli A MBS, #4520 SRR AR L B 0 T R AT B e, IR m S IR T S A4S, Bk i T
tRNA Ay 0 gk =R R ) AJRSER P 4R Leu BUERS T cta, it Arg U HST agg Ml cgg . 4
5 Pro M T cece BIECR BN 4 4. 5450 14 54, B BIHEET ctg, cgt, cgt, ceg OB, XA
FERAL G LR AT S E. coli PR %S T, fULALE BT G + C &30 49% . FF Frances
SO RGE 1 TR hGH FEH P A 5 A S R A A T B, AR 1) R S DNA JP sl anfE 1
J7s.

Amino acid sequence: F P T FE B L& ‘R L. F B N & K L R 4 H R L
Original DNA sequence: ttec cca acc att cec tta tec agg ctt ttt gac aac get atg cte cge gee cat cgt ctg
Synthetic DNA sequence: tte ccg ace ate ccg ctg tet cgt ctg tte gac aac get atg ctg cgt get cac cgt ctg

29'H @ L. &4 F D T ¥ @ B F E B & Y F P K E @
61 cac cag ctg gee ttt gac acc tac cag gag ttt gaa gaa gce tat atc cca aag gaa cag
61 cac caa ttg get tte gac acc tac cag gaa ttc gaa gag gee tac atc ccg aaa gaa cag

4k ¥ &S F L Q& N P @ T § L € F 5 E & I P T
121 aag tat tca ttc ctg cag aac eee cag acc tec cte tgt tte teca gag tet att ccg aca
121 aaa tac tct ttc ctg cag aac ccg cag acc tct ctg tge tte tet gaa tet ate ccg ace

6. 8 N R E E T @ 8§ K 8 N L E L L K I § i
181 cee tcec aac agg gag gaa aca caa cag aaa tcc aac eta gag ctg cte ege ate tee ctg
181 ccg tet aac cgt gaa gaa acc cag cag aaa tct aac ctg gaa ctg ctg cgt atc tet ctg

g8t L. I @ §s w L E P ¥ @ F L. R 8 ¥ F A N S
241 ctg cte ate cag teg tgg ctg gag ece gtg cag tte cte agg agt gte tte gee aac age
241 ctg ctg atc cag tet tgg ctg gaa ccg gtt cag tte ctg cgt tet gtt tte get aac tet

1ML ¥ ¥ ¢ &4 § Db 'S N ¥ Y D L. L E B L B B G
301 etg gtg tac gege gee tet gac age aac gte tat gac cte eta aag gac ecta gag gaa gge
301 ctg gtt tac ggt get tet gac tet aac gtt tac gac ctg ctg aaa gac ctg gaa gaa ggt

120 Q@ T L M & R L E B ¢ S P R T 6 Q I F K
361 atc caa acg ctg atg ggg agg ctg gaa gat gge age cec cgg act ggg cag atc ttc aag
361 atc cag acc ctg atg gegt cge ctg gaa gac ggt tet ceg cgt ace gegt cag ate tte aaa

141 T Y §8 K F D T N 8§ H N D D A L L B~ N X
421 cag acc tac agc aag ttc gac aca aac tca cac aac gat gac gca eta ctc aag aac tac
421 cag acc tac tet aaa ttc gac acc aac tet cac aac gac gac get ctg ctg aaa aac tac

161¢ L L. ¥ ¢ F R K D ¥ D K ¥ E T F L R I ¥
481 ggg ctg cte tac tge ttc mgg aag gac atg gac aag gtc gag aca ttc ctg cge atc gtg
481 ggt ctg ctg tac tge ttc cgt aaa gac atg gac aaa gtt gaa acc ttc tta aga atc gtt

181¢ C R 5§ V E 6 § €C G F #* =
541 cag tgc cge tet gtg gag gege age tgt gee tte tag
541 cag tge cgt tet gtt gaa ggt tet tge ggt tte tag tga

Fig.1 Nucleotide and amino acid sequence of human growth hormone
2.2 FIleKKBHEEZHERIFES
AR R 2K 573 bp, fIn ERIAAIEETTE, B BUT 514K 1040 bp, #F



No. 10 REEE, FEHRAESSBRALEREETLRA 1997

IR 30 ZFE 3 R 56 bp, MIH RS 20 bp MIHEEFEZ IR, /- Alan 4~ H1 ~H30( K 2) , S
T AH V¥R 53 C.

3 H3 : 3H15 9 H21H23H25H27 H2¢
AR R R R RRREX M Block 1 Block 2 Block 3 Block 4Block 5
H2 H4 H6 H8 HIOHI2HI4HI5HI8H20H22H24 H26H28 H30 .
2000 bp
Stepl: DA-PCR 1000 bp
Block | Block 3 Block 3 750 bp
_ _ 500 bp
Block 2 Block 4 250 bp e (D - == a2
l Step2: OE-PCR 100 bp .
Fig.2 Schematic diagram of the two-step gene Fig.3 Production of DA-PCR

synthesis method

2.3 DA-PCRZER

R T B S R B AR TIC S R R %, WAL A S AR 3R K S g 5. Bl PN B A% 1T
PR B2 By 3G I, AR Sy S R G, N ES AR SR R BB VR O 25 nmol/L . AN S N R
FRATRAEWR B o 81 1. IR KR EEXT i BEHH G A B W A 52 ). TE AR R N R RS T,
30 AR AL TR RS 6 SAE R —4l, PHEW 5 Sh il Beas Rl 3 s,
2.4 OE-PCR#ZR

GRS i e, 4 T7 RN UG 1 ARRS, VIR, PR BRI S 1 PL A
P2, i) OE-PCR #F— L PHEM A AL, B DHE= W T UKD, P29 250762 T 1000 bp &b, 2%
WS — | TCARRE R AR
2.5 F#HE pUC-hGH HIHE

B R 285 T7 RN UIEE | Ab38S , M ukIfmllk, 5 pUCL8 #idAZ T Sac | F1 Xho 1 EYIIH
b, e AN EAMO R R b, SCEE ) e b, A 12 SRS T, ORI AR Y R A
Fr B AT R AL P, SR IL 3 BERR LI, B kAR (. BB AL AR S T 16 CiEE,
. EAR E. coli IM109 B2 S0, 28 FTH e PRI (A R 7. $EEUBTR H Nde 1 47 RFD] A
M13 51947 PCR % 7E.
2.6 MEER

2 U TE  1E TT RN YIS 1 ALBRRT G 4593k 4 APHMETERE , 2638 Bl A T A, ot 21
(F1)RW, KRt T7 RN VI T A 4 A SRR RN 0. 79% , TLeAIEMEER. Mg

o 2 R T7 %Y 1 AbBRA 4 FakE, Table 1 Summary of errors in hGH gene syntheses
FERARHA 0.048% , & 2 P52 4 1EH Error type Untreated Treated
BOBEIA, B IEAEIRFEAIC T 93.93%. Base deletion -G/C 4 0
ST T7 R YT T X it o -A1 10 !
FRARSE, SRR AR D S P RO SR, o . .
RUHE DNA T° 94 Cilht & 3 min J5 76 24 Nucleotide transition G/Cto A/T 2 1
PE, S22 REIR, WIS EREE DNA 202 [i))™ A/T 10 G/C 0 0
& 3 e BRI B AN B AT 5 . & Nucleotide transversion G/C 10 C/G 1 0
A9 B BB DNA 4 52 e 505 e 5 .
Bk, T7 BRI T AERS I e . .
PUI%). iR LUK T LK T 5] Base error total 33 2
SERIEWZIR o713 B ik, RORPE(R Base total 4160 4160

.. . E . . 0004
T HE S R R AR R, TTor rate 0.0079 0.00048
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Synthesis of Human Growth Hormone Gene by the Combination of
Chemical and Enzymatic Method

ZHAO Xiang-Yang, GAO Chao-Hui, JIN Lu, WANG Xi, MENG Qing-Fan, TENG Li-Rong "
(College of Life Science, Jilin University, Changchun 130012, China)

Abstract According to the amino acid sequence and codon preference of E. coli, the human growth hormone
(hGH) gene was optimized to avoid rare codons. The total length of the synthesized gene was 1040 bp because
a promoter and a signal peptide sequence were added into it. Thirty oligonucleotides were designed and syn-
thesized. The whole DNA sequence was synthesized by the improved two-step method. The sequencing result
show that two complete correct gene were synthesised. The error rate of synthesized gene treated by T7 endo-
nuclease 1 reduced 93.93% in comparison with the standard two-step synthesis method.
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