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W W FHAHCRENEUNNE Vircosclla) MOEARZHE (vgbd, WRT —HEH KR
A AERICA BN veb RIAEE, H R veb BEEZABRHMILBEETEXBHE M w®
TTHHBR. TRIEW vgb ZEMXARE QAR EREKTETERE 20%
REFRE. vgb BENEE™Y (Vitreoscilla Hemoglogin, VHb) RANYBER{LER
TNF.IL-2 ¥ EFATEEAREA S TAREKIEHIE0RE, T veb RE ST XE
BTAHRANRERRE, THEHEXY AR PR EER Y. ILTQERIT
Fveb FEHAEEAESDAED, MRARTIUINER I RESEEES, FERTHE AN
®.

X@i5 Vitreoscilla WO ERD, BE, EEHIESH

FRIMERT U RIF kA BN EFN IR R AR PR XN
LB, AT AL THEFRRE, EEREICERERMAESG, BEMAKREKEZ
BEFEE., BE HEKTEYARENREAK SR, Fiim, sokEREiit. A
HEESEE . FRENESRERE, EEFRPIAN “EE8 K" (Oxygen vector) V4%,
RETEBERTREEE OO KTPHEIREREY, BRE —EHE, AHFAFARE
BRI, REWRER SRR 4.

Vitreoscitla M40 H (VHb) BIBF 5T 4 ML SR BHE M T — R BB B . Vitreoscil-
la MELE HEFE (Vitreoscilla globin gene, vgb) MRAFAHEHHAFTHEMREN I, 4
REFRF THRARMEORSRARBFEMNTY, Hit, FEMAMFRE VHb 7EMAE
SAKE FRMIEAFRELEELRTFE. BT veb ZE L X WBVUHES R HH
FEEPHART, HNECESHMEYPRBREC ", AFREFEE EMNHE
Fto BrLl, 00 VHb MR, ShEERBRLH G EEM MG LA irE.

FXHMACTRER veb BE™, BT —HEH LMK HICRFELY VHb Bk
K, MEEETEARBIRAE RS LARATREABTFEN T,

1 H#5F&*

1.1 BRS5EN F D

pVH1 1 pVH2 & pUC8-vgb L& vgb %Y 1. 4kb Hind N -BamH | DNA B4
G A pRK404 M1 pOK12*HI B % AW pILVH % pUC22 vgb L4 veb R H
1. 4kb BamH 1 -Pst [ DNA FBifi A pIL-2 (IR &ML (I 1D,

IL-2# TNF ZETRHE L JF1125 ZEE; H#BEBIE (Penicillin G acylase,

EXF 1994 412 H 12 B H|.
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PA)EETEEHL AS6 AEX; FAEHN VHL AR ASHEATITRE T EE VHb X
EHEM. _
X1 EHUEAR—N%
Table 1 Strains and plasmids

(Host cells) Origin
E. roli JF1125 This lab
E. coli A56 This lab
Plasmids Expressed products Vectors Peplicons Resistances
pIL-2 ii-2 pBR322 Cal El1 Ap This lab
pTNF TNF pBR322 Col E1 Ap This lab
pPA22 PA . pMB1 Cm This lab®'®
pUCS-vgh VHb pUCS Col E1 Ap This lab
pUC22-vgb VHb plC21™ Col El Ap This lab
pVH1 VHb pRK404 RK2 Tc This paper
pVH2 VHb pOK12@ plSA Kan This paper
pILVH IL-2&VHb pBR322 Col F1 Ap This paper

M1 pVHI, pVH2 # pILVH 5 R B %
Fig. 1 Plasmid map of pVH1, pVHZ and pILVH
B. BamHI1, E. EcoR1, H. HindX, P. Pst1, S, Salli

1.2 BEHHE

HILHEE. B89 Bochringer Mannheim B Promega BIf= &y : YN EHEREH .
1.3 ERKH

IL-2 1 TNF Z2E THEAEFEHER (2/1L) ¥ : Na,HPO, 6; KH,PQ, 3; NaCl 0. 5;
NH,CI 1; Tryptone 3; Yeast extract 1.5; pH7.0, AMAE 30CHEK; YK FEHEX¥HE
FH] (ODew?y 0.6~0.8) FHBEAE 42C, FFES IL-2 # TNF 48, SkHEEH# ¢h
EMEFYNRER. BEEFETHTERMEREE (NBSEER) W HERM.
EEELE 2. 5L X8 # (MBR BIOREACTOR LTD. SWITZLAND),

FEESSEETHEERBEAND (g/L);: Yeast extract 30; NaCl 5, ¥Z &
2; pH8. 0, FFBEH 22°C; EF osh SMEFTBERALBENEE; BHEEL YR

BAOERE RS RAES.
Tryptone Hl Yeast extract 2 Unipath LTD. England 725,

1.4 BMHZ
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1.4.1 MBAWE, didEIERBN ODLERE., £ ODw KT 0. 35,

1.4.2 IL-2f TNF REBRAME: BUEREK 100, MOBFEE EWH, B 0.5ml
50mmol /L Tris (pH7. 4) BEIFMA 20ul LHR M, BEHEA Smin AR E H SDS-
RRAMEERB) (SDS-PAGE) NMAKREL, BEEREN 15% ., SHESE DA
B (R250) RERMBES, ARXEHNcRNE DR,

1.4.3 FHRMAWNBRENTE: U EZREE-6-HEXFTR (NIPAB) HEWNE
HRERMER"",

2 % R

2.1 VHb #h¥Eix

VHb REZHREAKFPEE, B 2R IF1125 (pVHI) XSS —TREF
#TF (500r/min, 0.4vvm), HMi4{, VHb RikRI DO =H 2 MAXE., SMBdR
R AERERYN, REATRERS, RAEKERBNHEFHBRATRE TR,
BEBA 0% MMEL T, VHb 4R, HEZIRERE TR, SRS
SUBRHTE SUMMBLL T KT, VHb IRENREHKE.

B

t/h i/h

B2z A HRERKHEHEE (DO WXFK: B. VHb RERSHE (DO) HXE
Fig. 2 A. Relationship between DO and growth; B. Relationship between DO and VHb expression
— + ~OD%a - — = —DO, —o—VHb

F2PHET VHb ELAFARRE LS 1ch B GHRELE, RIEXMAXDY
8, RK2 XIA9 pVHI Bk % D 3BT Col E1 By pILVH B . SR %0 VHb %%

BREEAFMNBAHABHXE, EERAFNRTESREN VHb Hik k.
®¥2 VAbEFERERGELHELE

Table 2 VHbD expression amount using different vector

Plasmids Replication origins VHb expression amount/mg = [(mlODyge) !
pVHI RK2 1.85% 10"
pVH2 pl5A 3.25x 107t
pILVH ColE1 5. 80102

2.2 VHh HAREHKLHEBETIEEF-GENER

¥ VHb XX AR pVH2 ¥4k AS6 (pPA22), S THE— RN (H 250ml By
B AT VHb RZH T BERBRLIBEAIBRE~NEBHNEW, &% (WEH %
PERERTE—GAE, VHb HAZHBRAEAKRTME, FERRIRLIETE
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FEETREL 248, MYHAEG
BTG RMER, VI AR E
¥ RE3 MEBEBALBEE
(pac) HIHREH pac EA=RTE,
DY, RES R BB RAR
L E RS, ERBEAKEE MR

0.2

PA/u. (m!ODssg) !
o
[~

a1
6.0 — L RER (0~10% W) E—KiE,
24 36 48 80 72 84 96
th AR RRESA Y SR LR B R

B3 VHb ZXMEBRMANERIEN ~wRkekw EFR, BRSLZRLIETBENESH

Fig. 3 Effect of VHb on the activity of Penicillin B EE, % 3 B BIE B VHb A%
G acylase : . )
— »—AS6 (pPA22&pVH2), —o—AS6 (pPA228pOK12) BRKEEET & it f iR R
B, VY ATREERERE,
%3 FOREAAT Vb YRR RBRLEELRNTER

Table 3 Effect of VHB on the activity of Penicillin G acylase at different aeration condjtions

Conditions of aeration Activity of penicillin G acylase/u (ml + ODggo) ™!
Rotation/t * min~! Working volume/ml 1 [
80 1540 0. 450 0. 842
90 150 0.814 1.140
110 150 1. 287 1. 397
110 120 1. 115 1. 140
110 50 0. 560 Q. 600

2.3 VHb {9FRik¥} IL-2, TNF E@Ibﬁiﬁﬁ?“%ﬁﬁw%ﬂ

M4 T VEb R IL2 P o B
ERNTERERKMANTH. 55 2.0} !
L TERFXER. ERTEHS
R THE VHb XE SR, VHb
FEERTHBARTE, FRBR
WREFERE, Vb ssEE o8
TNFEZERTHAEKMANEW o ? . - . !
BERELHERER RIELRT Hh
HOGER AR AR REREE B VIDWRSWERTRRRREROTES
MO S, BT R RS Fig. 4 Effe::l?f VHb on the cell growth of recombinant
B VHb #F A4 IL-2 #1 TNF  — « —JF1125 (pIL-2&pVH1) — » —]F1125 (pIL-2&RK404)
e REEREEH, T HBERGAE, FHAEE, R4,

F4 FRHUEEHAT VHb 3 IL-2 $1 INF Rk BN ¥
Table 4 Effect of VHb on expression of IL-2 AND TNF at different cenditions of aeration

Conditions of aeration Expression amount of IL-2 or TNF (t.c.p.) /%
Rotation/r « min~1 Working volume/mi I H 1 N
100 50/250 54.2 56.7 60. 2 63.5
60 50/250 42. 8 47.2 51.0 55.35
60 100/250 35.4 41.9 44.7 53.5

Iy JF1125 (pIL-28pRK404); T JF125 (pRL-28pVHI); ¥, JF1125 (pTNFRpRK4040); M. JF1125 (pTNF&pVHI),
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B—HH, HTFREvgb WRMEAERTBE DI AN B —FFEER, XTEEHN
MAEeAERE, RSEETHREHNANMBEEREMEEARERKSEN, £5%
BIE R MR IR R 0F T RN R M ASMNEEE S R B E R A #, R HAETRS 5%
WA B —BfrRE VHb MR BNERAREBERHEH.AE 5 QEERETRRRE
P2 A B VHD i RREAFFEH#H S REENRIBE.

xS @ VHb REREHEEE KSR EHER
Table 5 Effect of VHb cell growth and production using different expression plsmids

Expression Cell density after Expression of Expreaxion of 1L-2
systems 16h culrivation/ODoe VHb/mg {ml + ODgsod ! {t.e.p. )} /%
A 2.5 / /
B 2.2 / 58.0
o 1.¢ / 53.2
D 2.8 1.8%10°¢ 56.7
E 2.7 23.15X10"°* 55.8

P 2.8 5. 4X10"% 57.4

A, TF1125, B: JFi12s (plL-2), C: JF1125 (pIL-28pRK404), D: JF1125 (pIL-2&pVH1),
E. JF1125 (pIL-2&pVH2), F. JF1125 {pILVH).

3 i #

vgb A M H R FHEE VH EIRE TR ES R, BB EXAMNBEKERT
SHIBRE, EMREFRIBIEAEHERSERMAELTRE, SBELTFEKE. &
A IL-2 1 TNF 2F TR X B P HATEEIERAM M RERFHEYE £ kg
A EIEEKFE VHb KBS M. 508 veb ZEM BB A, VHb §9F A MK
ARPIERAEBEROAREE, VHb X EAREREAEFEKNERLTEER
FHEAGNELREEMREEILFBRNA.

FEERLBEALRERE~H S AMAEBHARG T, IBETEHE IR
o U B AR, X BB R W] VHD By R K W BRI pac BHE KA HiYEUE
BE. MU ERSEELIERH F Magnolo BRI VHL IR AR ERBE (Stre-
tomyces coelicolor) AW KL K D (Actinorhodin D) F>#& B AR HEREE,
Mgt B, FELRPLRE VHD AEXRABLIBFLESEHH, ANGE
RVHb qiE 25T ARTIEREBRERHFREESHE LN ER,

VHb ERR R EFM THEALEEEN YA &R, X IL-2. TNF KI5 B KRBtk
MENTEENTERFHBINEL, REVSEMEREYVEYE. ERZX—2RMER
gk IL-2 8 TNF REXRZKT-BRE, 2HEELEAN 50%~60%, SERTHIE
EEMERARLREZNHARMAEZARZEDMBH;: B, 2P B TEHMY
IL-2 f1 TNF R3& &R 22CES, WREWAX—BEMHAMRR~EFELWH, WE
B—%FHAREES, ANREEAATR, @REKSEINEH, 5%, XBEERTY
BERE® T VHb BI{EA].

vegb B BE 1 IRTIE R VHb &KL &, veb 7€ Virroscilla R o ik DNA 150 %
—AERN®, Dikshit"?H# Khosla®™' P #RBMAEKXFHERHEREE Vb B EER K
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XKEEEN VHb i ERE (H4~715, ERX—2RFIEHURUTERNARRE. B
b, EERAMBAESHRENRF X, FESARNBERFX, ERIINELREH VHb K
S RFEFREM S CHERE, BRLEYN. WH., ZERTEETRANBERES
+ik, MEEE R A M A AN R, W VHb RO B RBX LI ARAEMEN
HEEFEHERHEZHE, §F VHb R REKE, W veb ERME SRR AT EHRX
BERAER.
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Expression of Vitreoscilla Hemoglobin Gene (vgb) and Its
Effects on Several Strains of Recombinant Escherichia coli

Wu Yi Yang Shengli
(Shanghai Research Center of Biotechmology, Academia Sinica, Shanghai 200233)

Abstract A series of expression vectors of Vitreoscillza hemoglobin gene (vgh) has been
constructed with different replication origins and resistance. The expression of vgh and
its effects on several recombinant strains were studied. The results verify that the ex-

pression of vgh was regulated by the level of dissolved oxygen (DO}, which increased

repidly as DO dropped below 20% of its saturation. The expressed Vitreoscilla.

hemogiobin (VHb) in engineered Escherichia coli of IL-2, TNF and penicillin acylase
eould improve the cell growth and desired preducts in the oxygen-limited condition. It al-
so showed that the DO control of fermentation could become easier due to the lower sen-
sitivity to oxygen of the cells with vgh expressed and suggested that vgb could be fur-

ther applied in the oxygen-limited bioprocesses.

Key words Vitreoscilla hemoglobin, dissolved oxygen, recombinant Escherichia coli .
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