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BEE veb ER A M EIIH 5%
2 X HEA

(FEHFRLBEYIRFRSS E# 20023

B W SRR TR R I AR Y 3 SR Vitreoscilla MAUEEIEE (b)) ¥ L
FEXBHFE IMLIOS RN RERMBRATHE L, HEBILIE veb FERE VGL, VGI
3T veb REMEMINE, WIEREEETRIE Virreoscilla M1 TE & 3 4 B0 5 R 3 230
B ARERRT LR Rk Han veb ZRMBARA RSB R ERRAE, Bt
EN--HMETFRELEFORETER EE. FREREETR veb HEPYREMB VL 5
EEABFEALERART T OEERESHTERE. HTveb BEE S5 THRL
TIESKF i iy (R .

X8 RIEHEM, Viereoscilla MOHEA. T, TR

TECHEHTF IR, Vitreoscilla MO FHRE (vegb) ¥ NS FHREM T 0B E
b TRk, IMEMHRARENMLER (VHb) TUEREAG FRESEREREM
B HEamREEY, HREEFMESEREBAEEM vgb BRAWAFE U R
LR BRE L, VHD B BFE, SRR E AR A8, AT veb
EERThAE. 18 veb BE¥ & N TH LML G & DNA PAREUR %G B3R (4R 7T S8 6
BRI RAER. ‘

HOSMREEFEEE N E. coli (07K DNA By FHGEHE R AIU/MERE DNA K EHA
SRR BT R DNA o, FReh F5E Toim ol R MR R R YIS S P Rk
£ DNA @ fpr sk THERK, Ba B RTE , )bl r sl i b5 B 6 % 5 T
EniRER O EEDE. XERISEREFEERNERATN T ES, BB T RIEER
HHIITER veb RO N KB W R OEME R, WEN T veb $ER
B VG, KRB TR TARR, THE S BT, T8 S0 RAB N R
FEw,

1 FFEEHE

FITEE R B 8 S ANF R E G R B mE 1 ZE. §EHE—1ARaa
W R o POESHIEEE o) APTES L R, WM 1 0B T, HpEE a firl
BETE BT Pr (T IFRERE, 0 [ HARRES ATRURY, XIHEH R
IEF e FBAFTR | A a BER P, 2 a B4 al A1 a2 PUERSH, MBURRLT . AL T L
a ZEMrl BRNHEZATEPRLL, S50 T HARRE S A'RIRY, REIETERE
FHIDNA B b AFUR T Eal Ml ¢ 2Zia), M 1 HIER, 2B b HEET Pr 835
ik, BHUE UM S ATRISRY, FORL B 5865 1k DNA TE o B[R FiH 0 2677 (51 3

AL F 1994 4 12 7 12 H Wi Hl,
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e, WmE -V, KP—FhEREFREE I
B DNA al flaz W EE b ARILETFt 5
Quiih o BER G, RAAKLE a EBEH
MR ok, b EEREERENE I,
[ B B f ke a o ) 2 46 3 Bk b 6 L4 R O
BV RER, ESHERE o EHRHEEH
*r, B REZEREHARARE R
A*RI'R2", H4%E 1- B f1E 1-V DNA A
ZEATE VR A R A R AL, TR LLET T
£ R1 FIERGER S ME 1-V 53R,
R BI0RE B4 43 BE O R R T LA 19 31 35 2 O Ry
VRN, EHEERY a—b4, EHE
bDEASERRAKEEN ET. BRBR
HEEEMRTEELSE RL M R2 87
Pifiide, {ELIFIE B HoaE PR e A RIS 3k /s
B2, MHENhER.

2 MBE %

BMSHN
F 4 R B b O b AL B4R DNA
AR EDRIES . REE N Boehringer

2.1

Mannheim 8, Promega (975, S{ALE. #EXTEMEWBERZEYILEALF,: HE

¥ E RN

I | Plasmid [

Plasmid IT

Plasmid i1

Chromosome
v
Plasmid

al bTaZ
| N 5 E—

_ Chromosome
I‘I /
Pr a 1l T Plasmid
B[R] EHE K e Y ik B 5 AH IR AR I O IR

Fig. 1 Principle of site-directed integrating by

v

doukle recombination of homogene
a» al, a2 Homologous gene; b. Heterologous gene,
ori. Replication origins Pr. Promotor; rl, r2. Resis-
tance gene; T, Terminator ; Arrow. Gene transcription
direction.

E1 ERHMOAN-RE

Table 1 Strains and plasmids

Strain/plasmid Genotype Source
IM105 endAl, hsdR, supE, sbeBl5, Alac This lab.
C600 F-, thil, thrB, lea, lacY1l, supE4dd This lab.
VGl endAl, hsdR, supE, sbeBl5, Alac, thr, vgb+- This study.
pVH1 vgh+ This lab®,
pVHZ vgh+ This labt,
pTH2 thrA+, thrB+ This lab®?,
pYEJoo1 car— Pharmacia
pTHAVH thrA+, vgb+ This study.
pTHB thrB+ This study.
pCAT-12 cat+ This sutdy.
pRW001 thrB— This study.
pRWo002 theB— This study.
pRW003 theB— This study.
pRWoo4 theB—, cat— This study.
pRWO015 theA 4, vgh<4 This study.
pRWo22 thrtA+, thrB+, vgb—, cat+ ‘This study.
pRWO025 thrA-+, theB—, vgb-+, cat— This study.
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AT EBERHELBRITRENR-RAFERZREHE TN RNGT
ik, DNA HHEABRRBFEBE T HRIE R C00 fEATE L.

HARREFEMAE /L) K,HPO, 7.0; KH,PO, 2.0; (NH,),S0, 105 &
#0.5; MgSO, » 7TH,O  1.0; & 2. 0; M (Lys. Met. Asp, Leu, lle, Pro,
Glu) 20mg/L; @4 % B, 5. Omg/L; =¥ % 0. 5mg/L; BIBFEME A Thr 20mg/L;
HieH 1.5%.,

2.2 BHERFF

LB s, %85 100ml/250ml. 37°C, 100r/min, (NBS #&E ) #53% 16h,
2.3 RBHEF

SR 2. 5L #EE# (MBR BIOREACTOR LTD. SWITZLAND), LB i3, 4t
B, BEPESEE 500r/min, MESAEH 0. 7L/min, IR 37°C; EiESR, BEAKTE
TR, 103 TR (L ESF (R A Ak T 0 1 S R R R

PR RIE Q W T AT
Q = (Ao )/ (At = X)
HA,Q HUFHIRE ,mgO,/gDCWmin; Aco, Fp A ERIZEAL . mgO, /L
X B, gDCW/L; ' DCW A4fTH, -

2.4 EhESF

4yt 8~10h FFR NS SRR, B3R EAM N (g/L): & ¥ 40; Tryptone 30;
Yeast extract 15; MgSO, 10, JMNEHE K 50ml/h, HEEEE SR 500c/min, BATHKMAH
0. 5L/min,
2.5 Vitreoscilla MiTEQEEMTE

ook (10 T ERERfE.

3 # %

3.1 HETIE

MESEIRATER Gho) R pTH2 8%, £—%7% DNA ER, HEDE
T[] 35 5 [R] 27 i f OBL pRW 025, BAIEI DNA SR HE 2 FR,

pTH2 i Cla T il Pvu I AT B4 thrA 1Y 3. kb DNA KB, BIFWHREiKE
HFEN (P, EITES vgb EEG vgb 2 L HFHE, WIHEEE thrA fl vgb BIEUH
pRWO015; 0.5kb & thr ZEH DNA KBl — £5 LRI FR pKK232-8 FoRfs
R F ernBT1 T 7, # 8 0BUR pRWO02; B S B I3 11 AL pYEJ0OL 22 B 4 B
SBEEBEAEBHERE cat)  fEH R B chrA-vgb-nnrBT1-thrB-cat T B S FE Hf8E4E
—i, WHEHETE pRWO025,
3.2 EBREHSHE

FEHIHEAT- B BB, PRWO25 85N E. coli IM105 o, B — LB BTE A 2miLB
(Ap 100pg/ml) E3RFEd, 7E 37 CREIR P45 5% 16h, BL 1501 [ IR 77 40 WL T4 &
EE % Apl00pg/ml, Cm250pg/ml, fiE R A ENEFGEMABEWNERENEE
T . BHEETRE 20~30 T HEE.
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2 BTREZEEZRAFE pRWo25 g
Fig. 2 Construction of plasmid pRW025
B-BamHIT ; C-Clal ; E-FcoR T ; Ev-EcoR V s H-Hind T ; N-Not | ; Pyv-Pva T 4
5-5al 13 Sm-Smal; Ss-Sspy Xb-Xbay Xh-Xho @ .

ﬁhm%?ﬂfﬁﬁiuﬁ’lﬁ*ﬁ%fbﬁfﬂﬂ% M2 BURLEAT 0, KB R ER HK F
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(kb) |

Fig. 3

Lane 1.

Lane 2.

Lane 3.

Liane 4.

0.1
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-0.05

B4
Fig.

B3 [l e i A BB I A b
Analysis of plasmid before and after dou-
ble recombination
Before recombination, pRWO025 digested by
BamH [, SalTand Hind I,

~5. dkb band is vector DNA,, ~ 2. Skb band is,

thrA fragment, ~ 1.4kb band is vgh frag-

ment, ~0. Bkb band is cat fragment, ~0. 6kb_

A KL CO

band is thrB fragment;
After recombination, pRW022 digested by
BamH T, Sal Tand Hind ¥, ~0.4kb band is

thr fragment;

BRe (48 pRW022), 3 Bk pRWO025
1 pRWo22 fERgUI 17, 34 43R (&% 7T
HHBMES, WE 3. XEEEREL RS
pRWO025 B 578 F MM Y5 {& DNA 77T
ElUE s, |
RT EGHME pRW022 M AL+ 55 1t
Fodk, KA1 5 pRW022 5 # 2K 4
HIEHR pWKS130 (pSC101 B, Kan') ¥ A
RALHE T, FOR A AR FR Y S E i B A
B R RV LR M 2ml LB
R 37 C R, IERUTHE 10° 4%
S 100l 45T LB M b s v 4
X REHURAE LB M TH L, AIHFET
Ap~. Cm™ f Kan™ B3 F 7%, Rt x
Mk 20%, AL ENTEERRGE S
VGl, |
CATEIE VGLEPRII T H vgb B
BOMNE, X VGLHTT CO BIEMTE
FREME R, 2 CO &¥E kW VGl
G5 £ I (22 Y6 4 4200m 20 i
BEVE( . 07 th R R E. coli IM105 I X #
() 22 SR FR 1, WFE 4L X BE vgb B HEE

PTHZ digested by Hind ¥, BemH 1 and EcoR 13 [] I 72 $0 %8 & B J& & W BF A9 23 (1 4K

which the 4. 0kb band coincide with the corres
ponding thr fragment in lane 2;

ADNA/Hind ¥ marker.

400 410 420 430 440
Abserbent spectrum/nm

W& vab HHH L CO B

4 CO-spectrum analysis of the vgh- -

i

450

integrated cell
1.VG1, 2. IM105
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JE W TE RN F A B A EE
HIEHE LR UGS, EERSHER
FEFE LB RS SR E T veb 5
L 48 3 TR L 8 0 o o BB T B
A,
3.3 BEE veb REHF VG M

vgb 2E SR E VGL o VHb &
0 RE R XA vgb 2R B
FEATE VOl Wi B AE A . h T8
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F2 veb BEEERMIRESF DNA EHIREE
Table 2 The expression of vgb on the

plasmid and chromosome

VGL AR VHb B R 6 R
SRR T VG MR T veb BB
RLSTH ., $60 $0 TR LN ey A

Expression vector VHb/mg - (ODg)™!  fR3H, XFE{RT VIHb gyt BT, FFRL 5L
IM105 (pVH2) 3.4X107¢ BORIHI ) VHD RIEREAL, VGL 3 H
IM105 (pVHID) 1.8X 1072 AR B «5 W T VG A
; IM105 3 BN3% Fr A 40 Mg A= KA 00, W& B
IM105 (pPRW025) 3.0X 1077 ERMEMEE SR 50%, X
Integrated VG1 5. 7X 1073 VHb FEEM VGl b—BAKEirE EE
BEEEER.
Batch Cultivation Fed-Batch Cultivation
357 25

)

Cell density (0D 55)

-

="

0 L L 1 Il I 1 Il 1 ] 0
10 10

Cultivation. time/ b

13 14 16 18 20

BIS VGLAIM10S FER MR P Ay K2
Fig. 5 Growth curve of VGI and JM105 in batch and fed-batch cultivation
—+— VGI, — IMI105

VHb fFA M MmO E THRM BN, He BIRTRX—ERH. BR
BExl BB UM 4, 38 VHD &ﬁéﬁiﬂﬁ[iﬁ%m’*%ﬁﬁﬁ ey s HUF R SR, T RH VHbD
Tk S S T e E a1, TREM

ARV, W80 25 KT R
WA, X—%53R VHb {3 Al TE
L E AN TInaE 4 R FOER SR 2,
A VHb %3k 59 4 M9 7 2K T fe ik et
WP SR AL 2 55 . ARRET AR FE 6
RY BB RO B3T3, VG i JM105 %

N B R [V RN v V N R 4

YEE MR T 10%5HO R BE B B 9 I A BE 4y B o
132. 1 1 84. 6mgQ,/gDCW, RAIH KL NIF
FHH 1.5 15,

© PERZFRHED
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Fig. 6 Elfect of vgh expression on the oxygen

consumption
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I

AT E 35 307 OH JB0RE- B 68 Uk (81 R IR 2 (B 32 A O — AT 2 B 2B I 3k, AR TSR RE
HFRadkEE N (Knock-Out), HAAiEfFER DNA F BB &3 R Ry mhE i
BL Z-FEMOERESERCRETRETE. A THERREATEREAERE
wETERE, XEMBEA R pRW025 tLr] fl FI8 vgb ZRE SN MM S 64
k.

BERATHERER, EANNEZNMERRTRTREEFEE 107EH, X—#§
ke Lukacsovieh S %552 I B G R Y @ (4 B N BT 1R 1E A A& A 30 3 107K, X TR R
HTAZPESANRAEN DNA R BREX, 1 vgb 1l rmBT1 BAEE Y
1. 9kb, #Bxt Lukacsovich #7E S B IE (£ 640bp) . BAMEFRPWEF N T B thr
SEMREE B BS U1 5, pRWO025 o thrA | theB BB K B Z 0, AT RETS i 8L B thr
FEFZZ B RER, BT AERERRRN R ERE,

[ I B R 2R 3 S5 15 B XU IR 7 R 3R T Rk D EUR A E BRI T EE,
ER AR TR R RN EE. FUAAR A HEE TR E
WA Ee, RKEERE 2 RHEHEE, ERITWERPESATRE 10FM L.

EA TP H AR T AR AR IE it i . B 96, MRIE Girons M5, Kig
HRDEBRBATFRESWRE LT M ER3ITF, EHEWER theA fil theB 2
B A HWIF3F (Internal Promoter). B EAFEBHNFHHR THESI TR EHE
i theB ZEH, FIGTEH @ pRW025 Py thrB R B B 00 7758 6 M6 30 0 o4 13 5 T30 40 T
fif cat HFHIFARFBRE; Fib, TEEK pRW025 EHREEERE T HEshF M vgh 2
HTHT PR EEER. RITEN vgb ZEH B FHEILES TR 2E X HER, X
WREERITHEE RIS, L OHEAN R Z LT ronBTT 200E 5 38U 3 cat
FEHEE (Read through) M e 1% (Leaking expression) . %5 5% T4EHF S H M.

NG veb HEEEREFE VO HHARAMOEAMFTERIXKBIE, VRE
P ULBTR Rk 1/4~1/10, 5 Vireoscilla /0 VHb BB A B A TR —HEBH, XFH
{HIEGRE VHb = EThaE . W HE AT S BRI Tk 84 28 40 My e iy
AT, Vel ERALN TERLFEREME KM, BT veb BREB & HF A AH
PFfre, REFRHEEMMFEARMOFRETSEWAMAER £MFD, B
KVGIAER —MEesSEEERNEETEEEA.

MRS R R T VR 2 2 W R A9 2 B EWGE 8 VHb 340 2 B4 1 B Y 3
Wil FEARTE FACTIR A 3R E VHD AR A M 0P R 1S, % AR B ARIEHACTRR K s T VHD
B9 IR M AR AR A UK R R E AR R SR A . X BT VHD SIS A T
ST MM R e LA B, A T SR FEENRE, NAERT A
R A3 Kaltio il Baitey ™ # B S5 A M) YRR 40, AT T SUPR A& 4 F KB 4 18 o
JLFPEERB IS VHb 38, £WFERE VHL #1l H /0, B ApH #l ATP i ER
FRIBAT R 1. 5~2 £, X — 45 B 5501 34 VR0 38 BE 0 A B0 A0 24 — 50, % — 25 9% VHD
AN B SR LB B3 Vb R B REM &R ToA S,
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Construction and Study of an Integrated Expression Vector of

Vitreoscilla Hemoglobin Gen e (vgb) by Duble Homologous
Recombination Between Plasmid and Chromosome

Wu Yi Yang Shengli
(Shanghai Research Center of Bivtechnology, Acedemia Sinica, Shanghai 200233)

Abstract A method of double homologous recombination between plasmid and chro-
mosome is introduced to construct an integrated expression vector of Vitreoscilla
hemoglebin gene (vgh),which has advantages of positive selection and determinable inte-
grated site. The vgh gene is inserted in the threonine operon of the chromosome DNA of
E. coli JM105 and expressed under its native promoter. This vgh integrated cell, VG1,
maintains the physiological functions of vgh, moreover it decreases expression amount of
cellular hemoglobin by lowering the gene dose, which is overproduced using multicopy
plasmid as an expression vector. Thus, the new developed strain VG1 can be used as a
host cell suitable for high cell density fermentation. Comparison of the respiratory kinet-
ics of VG1 and JM105 suggests that the hemoglobin participates in some steps of the cel-

lular metabolism.

Key words Double recombination, Vitreosciila hemoglobin, respiratory kinetics
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