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AptsG. FHFEE A FRL, 15 3)RIE KGFFH 2 2R H I R4 (serine hydroxymethyltransferase, SHMT) L#%
B F¥RBL21 (DE;) /pET-glyA. BL21 (DE;) AptsG/pET-glyA, KILFEKASHMTAHIE HEIFEMLLE A (Vitreoscilla
hemoglobin, VHb) T.REE#BL21 (DE;) AptsG/pET-SV. fELBR;F:3Ed, BL21 (DE,) AptsG/pET-glyATHHk
5BL21 (DE,) /pET-glyAR bk A KB EAWE 25, BL21 (DE,;) AptsG/pET-SV i# #Fa E 111 0Dygq o fH H
BL21 (DE,) AptsG/pET-glyAW MRS T721.3%, {ELBGHiFHth, FaEHBL21 (DE,) AptsG/pET-glyA ik
ODyy) /B EEBL21 (DE,) /pET-glyA# FR4E = 1719.4%, BL21 (DE,) AptsG/pET-SVHE#ODy, /8 tEBL21 (DE,)
AptsGIpET-glyARMIE S 1721.5% . {ELBGH;i =, S B WEE-p-D-A LA TS, 55X BB K
BL21 (DE,) /pET-28a#Hthi, Wl K TF2 i Mk 7= SHMTE 719 B2 6.4 5 /17.7 %, JLRIE TR
SHMTI /172 9.6 5. SEInai AR, Wibkpts G K RS M0 R AT T 1E 55 %81 ) B i b 1) AR K L SHMT Rk
i, HRIAVHbREE — P4 s WAk A K S FISHMT " &

KBER: RedFUFHEL; 2% FRFEP LB FUWBHNAED; psGER; LRk

Knockout of ptsG and Co-Expression with Vitreoscilla Hemoglobin Enhance the Production of

Serine Hydroxymethyltransferase in Escherichia coli

HAN Qin, XU Xinxing, WANG Ruxin, LI Xin, YAN Dazhong, WU Jing, LIU Jun™®
(College of Biology and Pharmaceutical Engineering, Wuhan Polytechnic University, Wuhan 430023, China)

Abstract: The phosphotransferase system G (ptsG)-deleted strain BL21(DE;)AptsG was obtained by Red homologous
recombination. Recombinant plasmids pET-gly4 and pET-SV were constructed and transformed separately into the host
strain. As a result, the engineered strains BL21(DE,)/pET-gly4 and BL21(DE;)AptsG/pET-glyA for expression of serine
hydroxymethyltransferase (SHMT) from Escherichia coli were obtained as well as BL21(DE;)AptsG/pET-SV for co-
expression of E. coli SHMT and Vitreoscilla hemoglobin (VHD). In LB medium, there was no significant difference between
the growth of BL21(DE,)/pET-gly4 and that of BL21(DE;)AptsG/pET-glyA, but in the stationary phase, the ODgg ym
of BL21(DE;)AptsG/pET-SV increased by 21.3% compared to that of BL21(DE;)AptsG/pET-gly4. In LBG medium, the
ODy¢y) um Of BL21(DE;)AptsG/pET-glyA was 19.4% higher than that of BL21(DE,)/pET-glyA4 in the stationary phase, but
was 21.5% lower than that of BL21(DE;)AptsG/pET-SV. In LBG medium, the SHMT activities produced by BL21(DE;)/
pET-glyA, AptsG/pET-glyA and AptsG/pET-SV were 6.4, 7.7 and 9.6 times as high as that produced by the control strain,
respectively. The results showed that knockout of the ptsG gene could increase the growth of E. coli in glucose-containing
medium and SHMT expression, and this effect was enhanced by co-expression with VHb.
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L-22 72— A A EEZMERRAER, 2N
HFai B kS mp L- 28 REEY
3000 s de, WERAFSRAFFR, WinRad 0
I, L2 G R A R U A B KR BRI A
HRGEY REEESOL A s i S A

B K AR R B A7 AE 12 5 2 F0 4y B RS ] I 45
. WA BUEAFAETS P A D- 22 IR 5 L- 22 5 /R Oy
R M S T o RV AR R L- 22 S R R R ORI AT
WA E AT B, BTG L - 22 R AU 2% 5 2%,
HHMNL-2Z R H T El AR IR AR
W2, AENBR BT R UE F T B G | Jg Jl s nE A R AN
BERR A 1o Su4h, TEBKEEE N EREER T, RANL-2£
RV, WL- 2 FRIEA N RAER B RN, JiEy
Y VEAFAE AR AR ORI [R] K DA B B AS w8 5
BREET . B AR B AT E R R R, AR
IR w T SN D N SR Sl V@ =T 7 W A e
FEHF4HE (serine hydroxymethyltransferase, SHMT)
T 2 Z REHE S N, B hglyA%mid, VAL i
BERR IR NG, 7EVU SRR AEAE ML PR, HERAE
FRL-22 5 TR

SHMT (1 /5 280 1) £ A& B A 7= L- 22 5 R 1Y) R Al
A v B R 5 9% 1T DA ey S AL R R Bl K T o KT,
FE K M W TR v 65 P R I A i R b, R AR AR A R A1
V5 A RIS B AR AT 52 B VA AR AR A2 1 PR ) T e DA IS B
BRI KPS v 40 R SR FH 803 e A 1 T A A
K. MATEAREMKL S BRES THEARR,
JZAFETANE . A ™. % B i 4T R
H (Vitreoscilla hemoglobin, VHb) & —F& M {7 & K
oA R C 22 N o = B e SR Ry E T R R
F1, B I 1 A R B R e e e i . i R O
ZRp1E £ RIS, BRI AK . EE SR
s AR =, RALE KA LRI H
AT VHD & o % o AR v SRR L 0 40 i A AT b
BFEEETERASTER. Cikil, £REiEhIRik
o-JEREERIVHD, 5 1 a-ie B REE""; Pablos
SEUE R A A R W3 110 RIAVHD S, A IR 88
R AEI R S 1 2133%,  [RII TR AR B AR R I
T430% . T 2" vgb s HHE N2 R B-FH 5 T R
g (poly-B-hydroxybutyrate, PHB) EZ KA H VGl

(pTU14) Bettfief, K IlvgbFE R 151 N ] LLIR A2 3E
W A4 KFPHBIMA R, HIRE/KFBE, VHOREE
TR, XA BRI . A B L R ATP
AL R IR — D Ai N vgb L [H, 50 UG R AT Te- 1345
IR R E S 736.91%.

KIGF A & R AR b, 7= A O S5 AR
B W . IR R R M B AR A KRN E R
FEERE, SRS H TR O 2 I £ O
2615 20 i e AR U T SR AN BT R AT R e
B ) B0 B I R i A2 W /2 4t (phosphotransferase
system, PTS) 5Ehk, PTSHEFEEI. HPrll KXEIls, #i
FAMRAERE A, 55 Hprs HES K F pes IR K g fs
Ja#H 2 NEAZLGE, MoK UEMEAR R, A%
EIIM™". EI™. EI"®. EHA““FIEINCB™%", HihiiptsG
B[R 4 0 (¥ B ETTC B ' /6 4] 45 W 11 i85 RS i v HLAg L 3
TERM™ . ENICBC“E AN 0w B0 2 i it is, 5
FEM AN RGBT, WA KE S
B2, ARTFHEAEREEAKD. SRAES R T AR
PR FEAT B ATCC 13032 i 1 %) W PTS &R 4t Ko 4% is R
R ptsG. ptsH-ptsIHIH &) bE e 1a R G0 Qe ia B A
Klabe abe2Miolt], FWptsG. ptsH-ptsl. abc. abc2Fl
iolt1 it i) e iz B B R i &) Wi iz Thie, JF HA &)
B (1) 55 18 BRPTS AN B A7 AE HoAh 238 R Gt . prs GHE K
PR PR R A B P =R R TG IR FNBE B fif e T 71T, IR &
I DRI, I FHARHE TR, M dprs GHE DR A 5
P, BRI P2 AIG 7 26 W PR DO 26 e 1R TR AR, (R R A
K, #mINEEAEREE.

T VHb Y prs GHE DA I AP0 2 3R, ATIE 50 K% i v
KA FiptsGHEIR,  7E B S pts GEE R Ak P S 324 SHMT
HMIVHD, DU & TR SHMTRIAE /7, L0 TR
PR 72 SHMT, AR 25 L- 22 S IR VR AL P8 SRR o

1 MR5HE

L1 MRS
L11 BRSOk

iEHENE (Vitreoscilla) . Escherichia coli DH50.
E. coli BL21 (DE,) . JfikipKDI13 (RERPLME) « ki
pCP20 (FHF&HER. AERDUM) | FikipKD46 (& F%E
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FR#E y U) B . T4 DNA Ligase. Pyrobest™ DNA
Polymerase. DNA Marker. 5 [[Marker HZATaKaRa
] 2T R DR A PR B O & iR R B
W&, BEEEEE RSN (polymerase chain reaction,
PCR) PR & GenCleanZs IR b 4t KX DN A [l
W& L-BhfahE,. fAFR. A 7555 R. FIER
FHERAEY TIEA R AR ; Tris base. F X WA M
Wefe . WM KRB Flukaa®ls EEK. B
JeEOxoid A s HAR BRI A E = Hral

g1Vt B A TR ARG, BARFSINEL.

## [ Novagen

#1  BRFATIY
Table1l Primer sequences used in this research
£k Bkl AL A
- CATGCCATGGGCTTAAAGCGTGAAATGAACATTG Neol
Pguyirr CGAGGATCCTTATGCGTAAACCGGGTAAC BamHI
Py CATGCCATGGGCTTAGACCAGCAAACCATTAACA Neol
Pyt CGAGGATCCTTATTCAACCGCTTGAGCGTA BamHI
Pruar ATCGAGGAAAAGAGAATCAAC
P.oar  GAAGCAGCTCCAGCCTACACGAACCGACGCCCAGCAGAAT
Pt GTGTAGGCTGGAGCTGCTTC
Pt ATGGGAATTAGCCATGGTCC
P.osr  GGACCATGGCTAATTCCCATCAGGCGTTTTCGGTACTAAAT
Puosr GGGTGGAATTTGAACTCAAC
W RIS PR PR ORI AL
1.1.3  REgp¥t

LBR R4 HAMRI0 gL, FERPKYS g/L, NaCl10 g/Ls
LBGH;7#%E: HEAMI10 /L, BEEREHS /L, NaCl 10 g/L,
A HE25 /Lo
1.2 USR5 E%

GBox-HR-E-M#&tfii 8 %241 9<[H Syngene A H];
TProfessional PCR{YX  {#[E BiometraA@; 5417R& =\
A B DAL Electroporator 2010 #4404 f#[H
EppendorfA#; DYY-6CHLIK{X. DYCZFHITE H U
WAE AN .

1.3 Jiik
1.3.1  ptsGHE Rl i Br i PR (140 4

FI A Red [A] Y5 5 H B AR MR KT EBL21 (DE;)
WiptsGH AP, PLpKD I3 A, Py AP, o3 18 A5
FHHEER . LKA EBL21 (DE;) K 4 AR,
PAP 6 a1 5P a1 HptsGEE Rl BRI, DAP,op 5
P,.cpd Wipts GEEDR RV [RIJEE . R #H S PCREH:
WRZ B, mU R i B prs GRE R R B = e R B
B, AT R KT BiptsGHEA

1 %4 &, i B 77 45 7 pKD4 6 i kL 1) K

AP EBL21 (DE;) WREMES0 mLINA&AFH
FHE (60 ng/mL) WLBEFRIET, KiFFE 0Dy N
0.5~0.6, HIAO.1 g/100 mL L-FiHiEHE 5 52 ho $5 i
i, BOWERE. H10%H ME R E K3 WEET
500 uLH R, 6 AL BRSZ AS A . P i LA [
P & & R PRI B A B O A (A%
it BJE1.8kViem. 1 mmEETHFF) o JIA1 mLTA K
LB 33, 1E37 'C. 100 t/mind352 h. @A T EHE
FH#w (25 pg/mL) MILBFH, fiikEA T, FIAHPCRYE
SE, FEIFHAE.

FTRIpCP20% N A F R U H A T, 30 CHIFR8 h,
42 CREFFIE B, pCP207E42 CHRIZFLPH G, #
FRTAZ A1) ) 5087 2P0 28 D5 OK T T v 2 R 4 U
P, 193IAE R PUEEE R BR s GRE R R bR B K -

1.32 REHM K TREE R

LKA EBL21 (DE,) JEF A NN, FPgyr ¢
F Py o 38 gy AR s DA BF B 2 R 4 i,
Py - APy o 7738 Hvgb 3L Kl . F NeolFl BamHIX V) 28
b J5 HIPCRFZH), KX T4 DNA Ligasei% 4% £ Ncol fl
BamHIX ] 5 R RipET-28a ., 1535 41 FkipET-gly4
FIpET-vgb.

I FH BgIUA Hind T g 1) iR pET-vgb, B E T
BT FvgbFE R IIDNA F Bt o F BamHU Hind ITTXUBE 1) )5
WipET-glyA, FIT4 DNA Ligase¥ 't 5 &veb K AT, JH 5]
TIIDNA Jy BUZE e, 15 3|3L R A SHMTHI VHb = 4H J5i ki
pET-SV.

¥ i RpET-28a E 4L kipET-glyd K pET-SV #%
th1s ¥, BRI ERBL21 (DE,) /pET-28a, M
FKIESHMT LB #KBL21 (DE,) /pET-gly4d. BL21

(DE;) AptsG/pET-glyA K 3t A SHMTANVHD T.72 B ik
BL21 (DE,) AptsG/pET-SV.
133 FEHRAKNE

P 2 75 SHMT L% 18 #k f 3 % A SHMTHI VHb
TAER MR, Rl TLBR R F, 137 CHi¥:
10 h)5, #®HETLBMLBGHE: =M, E37 °C. 200 r/min
kSR, IR 2 TR % R
1.34  THEEHFSFRASHMT

BB R R R R4 20 mL LBJ100 mL =+,
B R SR NS0 pg/mLEME R, 37 CHFRLK. %
1% ¥ Fh 22545 50 mL LBGHI250 mL=# i+, 37 C
5728 0Dgpg yn NO0.8~1.0, JIAN 5 R 3E-B-D-i AR 2= L4k
1 (isopropyl-f-D-thiogalactopyranoside, IPTG) £k
FEONT mmolV/Li SEARE. FF6hE, FHERE DO,
X BIEW, WEAE, HT o WrpesGEEFEE K ILRIE
VHbX B R = SHMT 521
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SHMT i /K1 L i 7790 5
MR LS IPTGHE SR, R+ bk
T PR A - 3R TR U T B B i B 9K (sodium dodecyl sulfate-
polyacrylamide gel electrophoresis, SDS-PAGE) J7i%™H6
M AFRIEAFE, FFMELSHMTH /7. SHMTE /1l &
KNI REVERY, HIEAR R, SHMTH {E{LDL-2
B TR R R, JE A AE279 nmIE KA RHE
P PR R SO, AR AR 2% PP A [ V1 7 5 T DA R S VR
HHOR IR E . WS BRI E L £E30 TR, &Bilh
AR 42100 pmol Kk Iy 1 /MGG /3 A (UD o
14 HARGH i
BRI AR ) B 5 B T s 0 0 58 S8 B AN AT
Kl A H Origin 8.0 EAT GE it 70 b, FFEAEKL

1.35

¥
2 HR5aH

2.1  prsGHEINFR

PAP, 6 a t FAP g 5w N 10, LK BT A AN AN 5285
BRE A H Ak 7 5 R AR BEARG3E AT PCR YT 3, PCRY™
2492 400 bpAI2 030 bp, 43 1) 5 X} FE 1 Rl prs G
DR 2 P B R P A T 3 = K —8, A
J& 5 AT prs GHE R B R 1A 4 R VRS I 55 R ik S 1A
=R BB RN —E (-, R TprsGIEA B
KA B CHEF> KB EBL2] (DE) HERA, 38 #
ot e DR 2 v 75 [ YRR 2 B BT P 1

X4 MR R DU RERTE R . DAP, o a
P, o5 N3P0, VATE RS 2P AR EA AR KA B R A
H AP FEATPCRY ™3, 734 ™= M (9 K /N5 Fvk K
1100 bp—%t (K1) o Xy 31y, iFsLa s
RPUMER A A B, 153 T prs GRER B T AR BL21
(DE;) AptsG.

10 000 bp

7 000 bp
2400 bp 4000 bp
2030bp 2 000 bp
1100 bp

1 000 bp

500 bp
250 bp

M. DL10000 DNA Marker; 1.%REF; 2.5
HEPIMEE R 3. BL21 (DE,) AptsGHikk.
B1 PCREEpsGEHEBIEKBL2L (DE;) AptsG

Fig.1  Identification of the pssG-deleted strain BL21(DE,)AptsG' by PCR

22 EABMAE TREEERIILE

i RLpET-glyAFpET-vgb ) f it #2 UL E2 . F Neol
BamHTAU ) 45 7€ 6 3 (1) 40 AR pET-glyA I pET-vgb
M VIpET-glyAr= £ sy, HA K Bt 5pET-28atR i

YT R /N —50, /N B 281 250 bp, 5 EATTES)
T HglyARH FIDNA R BER/MHEAF (3D o BV E 4
pET-vgbJFURL = A W 2% B, K B 5 pET-28aii ki K /)
—3, MBS vgbEFE N5 (B4 o FHE
—BAESE, HAHABAKPET-glyARIpET-vgb i 2 il I o

MR 28 (1) e 3% 0k B 41 # AR pET-S VI B A v 42 iU
Ky PAPyyy APy o N S W)EATPCRY 3, 453 IWLIKS,
1R B S T K/ NAS8 bp—8. FE AN E iHE— IR SE,
LR IEASHMTAIVHD ) F H FARpET-S VI EE Al I

BamHl  TT
Iy BamHI ;
Ncrol g § flori Neol "8 Banfll
Neol
e vgb R
ﬁ promotet Kan\

NeolMBamHINE ]
ori

Neol1BamHINFEY) \
lacl P

HindIIl
BamHI T

PET-ghd )

ori
BamHIF Hind I 1)

ghd fl ori

T7 promoter

Kan

lacl
BelIIHind XY l
fl ori

T T7 promoter Bell T7 promoter vgh HindIII
Hindllly | Kan orilacl| 84 BamHl
Vb RIAHE
‘ PET-glyd vghRIEHE T EpET-glyd ‘
i promolerv T flori
ghd
Kan
T7 promoter
lacl _ .
ort
E2 BEHFRRRE
Fig.2  Construction of recombinant plasmids

M 1

10 000 bp
7000 bp

4000 bp 5277bp

2000 bp

1000 bp 1250 bp

500 bp
250 bp

M. DL10000 DNA Marker; 1.J5URipET-glyAXUEEY] 4 (Ncol/BamHID) .
B3 Y% R4 pET-glyd

Fig.3  Identification of recombinant plasmid pET-gly4 by enzymedigestion
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ELBFILBGH; 7364137 CHiFE, AFRE2 hEUEEMODggo i
10 000 bp 1, hlERihz. ME6n A, 753 H H % b rLBE;
7000 bp F¥d, BL21 (DE,) /pET-glyAMBL21 (DE;) AptsG/
2 4000 bp PET-glyA i B2k KA BLHI 2 A K, {HBL21 (DE,)
2,000 bp AptsGIpET-SV I PRAE A E WIFIODggp , fE LEBL21 (DE;)
AptsGIpET-gly AW #3251 1721.3%, LBL21 (DE;) /pET-
1000bp glyATE = 125.5%, FWvgbBLH (1 5] N AT AR 5 14 2E
441 bp 500 bp K, REREEEKEE.
250 bp ESHRERMOLBGE R T, el

M. DL10000 DNA Marker; 1.5 KipET-vgb XU i 1774 (Ncol/BamHI) o
F4 FEEEERATBPET-vgb

Fig.4  Identification of recombinant plasmid pET-vgb by enzyme digestion

2000 bp

1000 bp
750 bp

500 bp 458 bp
250 bp

100 bp

M. DL2000 DNA Marker; 1.5 kKipET-SV.
E5 PCRY HvebitH

Fig.5  PCR amplification products of vgh gene

F i KipET-28a B 41 i ki #% 4k K AF M BL21
(DE;) XBL21 (DE;) AptsG, 15F%f R E#EBL21
(DE,) /pET-28a. HL3KIASHMT T.FEEKBL21 (DE;) /
pET-glyA. BL21 (DE;) AptsG/pET-glyA ) HLFiESHMT
FIVHb TFEE#BL21 (DE;) AptsG/pET-SV.

23 EHEARMAEKZ

8
7+
6+
Rl
5 il
O 3+ —=— BL21 (DE;) /pET-gly4
2+ —e—BL21 (DE,) AptsG/pET-glyA
1+ —— BL21 (DE,) AptsG/pET-SV
0* 1 1 1 1 1 1 1 1 1 1 1
2 4 6 8 10 12 14 16 18 20 22 24

KE IR IRl /h
BL21 (DE;) /pET-glyd, BL21 (DE,) AptsG/pET-glyA#
BL21 (DE,) AptsG/pET-SVAELBE:SEE:thi e i 28
Growth curve of BL21(DE,)/pET-gly4, BL21(DE,)AptsG/pET-glyA
and BL21(DE;)AptsG/pET-SV in LB medium

& 6

Fig. 6

#BL21 (DE,) /pET-glyA. BL21 (DE;) AptsG/
pET-glyAFIBL21 (DE,) AptsG/pET-SV 3 Fhikk, 7%

BL21 (DE,) AptsG/pET-glyAEi#kODg ., LBL21 (DE,) /
pET-glyi i 119.4%, BL21 (DE;) ApisG/pET-SV i
PRODgyg o T LEBL21 (DE;) AptsG/pET-glyA R AR T
21.5% (7Y, REApes GHEPRIGR R FT LA I g i 18 25

HPER IR K, dRIAVHbRERE — IR R R
KR
—= BL21 (DE,) /pET-glyd
——BL21 (DE,) AptsG/pET-glyA
o —+— BL21 (DE,) AptsG/pET-SV
7 -
6 - * *
£sp
3
a4r
O 3t
2 -
1 -
0 1 1 1 1 1 1 1 1 1 1 ]
2 4 6 8 10 12 14 16 18 20 22 24
FEFEI 1Al/h
E7 BL21 (DE,) /pET-giyd, BL21 (DE,) AptsG/pET-glyAfn

BL21 (DE;) AptsG/pET-SVIELBGH;IrE iy A4 i 2%
Growth curve of BL21(DE,)/pET-gly4, BL21(DE,) AptsG/pET-glyA
and BL21(DE,)AptsG/pET-SV in LBG medium

Fig. 7

24 TRERBRINTE T RIE R B 1734

120 kDa
85 kDa

50 kDa 47.0 kDa

35kDa

25 kDa
20 kDa

15.7 kDa

M. [ fiMarker; 1. BL21 (DE;) /pET-28a; 2. BL21 (DE,) /

pET-gly4d; 3. BL21 (DE;) AptsG/pET-gly4d; 4. BL21

(DE3) AptsG/pET-vgh; 5. BL21 (DE;) AptsG/pET-SV.
E8 TITREFIASHMTAVHbESDS-PAGESHT

Fig. 8  SDS-PAGE analysis of protein expression in recombinant strains

X5 T JE I R AR A 41 K AT SDS-PAGE, 254 L
K8, TAEEMBL21 (DE;) /pET-glyAFIBL21 (DE;)
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AptsGIpET-glyATE 5y 1 i 47 kDakb A & Rk 571
K/NESHMTHIFF. TFEEMKBL21 (DE;) AptsG/pET-
vgbTE 4 F i 15.7 kDakb A5 B (AR IE %7, K/N5VHb
—3. TFEHBL21 (DE;) AptsG/pET-SVIES: 1 i &
47 kDaf15.7 kDakb 35 T A RIE 547, PRI HlS
SHMTHIVHb—#. FiRZ5 5K, SHMTH VHbTEH 7
EATHE R gm A 2 (Kl gly A Filvgb i) TR sk R 38 19 2R IE

LKZIPTGH 5, WE WM SHMTIE /1, X MGk
BL21 (DE,) /pET-28a. LFEE#BL21 (DE;) /pET-glyvA+
BL21 (DE,) AptsG/pET-glyARMI$t % ik T2 HAkBL21
(DE;) AptsG/pET-SVHISHMTIE /14351 430.6.
195.8. 235.6 U/mLA1293.8 U/mL. AHELXIEEFE, #
T B 2R 0K N TR B ARSHMTIE /17> R & 17 6.4 15 A1
7.7 % HREENTEEKAOSHMTIE HiEE
9.6 fir. PRI, prsGHE DR Rl Bk B8 0% 19 0 T 7% i AR A5 2
EIRERG TR AL SHMTIN KA &, JLRIAVHbREHE — Pt
HPRSHMT ™ & .

3 9 #

ARAJEFEH] FH Red 7] 5 25 40 45 AR w5k K W #F i prs G
o H1 T pts GHE K 4 i HO BFEIICB ™ 3 B A4E K i T 1 6 2
R P 5 P 2 Ja rp RS VS, A e A BE LB IS 97
Fer, prsGHEEN R E#EBL21 (DE,) AptsG/pET-gly ARl
W PEBL21 (DE,) /pET-glyAEKAE M ZE A E . 755
BRI EHEMLBGR FR 3, FlBR T prs GHE R I B bk ki
2 B A R AR, AR A LR A, WA T
LIRS AR AE K, R BT B AR AR AE 8 R PTS
A R BTN S 1 e A 18 R A RO, IR R 0
Mz A I G 16 Tl R A 5 S T R B R AL, Wprs GEE TR
Bk TR HEMKBL21 (DE,) AptsG/pET-glyALt T.F% &bk
BL21 (DE;) /pET-glyATEFaE HODgg w51 1 19.4%,
It HHEBL21 (DE;) AptsG/pET-glyAr=SHMTIE /7 L i
FEBL21 (DE,) /pET-glyA#&E: 1 20.3%.

PR A AR ) B R AR AR R A A 2 B R TR A
AR . VHDBE IR K B AT B M 9 = SR R 1 A itk
T2, PR E AN TR AR A R R B, HE AR — T T
REBS (e 0 TR AR AR s I3 0, 5 — 7 T AT DA ) 2R 55
AR R = A s AR ST R B, E N B
WA PEILBE: 3R, JLRIAVHDIY AL 12 = AR 10 42
Y. (EVA AP LBRE R 3, JLRIAVHD TR
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AptsGIpET-glyATe = 124.7%.
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