19 4 Vol.19 No.4

2003 7 Chinese Journal of Biotechnology July 2003
*
200032
VHb
Q78 C 1000-3061 2003 04-0381-06
VHb 90
Poole  Hughes 2000 ! “ ” 2002
Taylor VHb
1994 * VHb
1 2
1 VHb

Vitreoscilla C1

Campylobacter jejuni Nostoc commune 2
Paramecium candatum 2
Flavohemoglobin
VHb Minas 1998 °  VHb
Holmberg 1997 ° 10 ~ 15L
VHb 4.4¢/L 1.0g/g
VHb 7.4¢/L 2.3g/g
1 VHb 24 144h
173
VHb
1.1 VHb
VHb E. coli 1
Wakabayashi ~ * 1986 P450
VHb 1516 ery F,
eryK P450 VHb
20 ~ 40 VHb
P450 VHb
Weber Bailey
2003-03-03

* Tel 86-21-64042090 © FEMFRBEDARMEATIRS®HIESS http://journals. im. ac. cn



19

382
1 VHb
Table 1 Vitreoscilla hemoglobin VHb has been cloned and expressed in a variety of
organisms used for production of primary and secondary metabolites and cloned proteins
Organism Product or activity Effect of VHb

Escherichia coli
JM101 pRED2
Gro2l pTCAT
W3110 pKTV1

Gro22 pTCAT

Gro2l pGE245
JM103 pMK79
Psudomonas aeruginosa
B-771 pSC160
Xanthomonas maltophilia
XM pSC160
Bacillus subtilis
1012M15 pMKV6
Corynebacterium glutamicum
13287 pFSl
Streptomyces lividans
TK64 pWLD5
Saccharomyces cerevisiae
SEY2101 pEX-2

Chinese hamster ovary CHO cells

ATCC9606 pMSG-VHb
Serratia marcescens
Burkholderia sp.
Escherichia coli ® encoding two vhb genes

Escherichia coli °

Total cell protein
Total cell protein

Total cell protein

Chloramphenicol
Acetyltransferase CAT

activity

B-Galactosidase activity

a-Amylase activity

Viable cell number

Viable cell number

Neutral protease activity

L-Lysine titer

Final cell density

Final cell density

Tissue plasminogen activator production

Alterations in fermentation pathways

Cell mass respiration degradation of 2 4-dinitro-

toluene

Cell mass alteration in ribosome and tRNA levels

Cell growth and poly B-hydroxybutyrate synthesis

2. 1-fold increase
30% increase

2.2-fold increase

80% increase

40% increase

3.3-fold increase

11% increase

15% increase

30% increase

30% increase

50% increase

3-fold increase

40% ~ 100% increase

decrease acetoin by 15 times and 2 3-butanediol
by 3 ~ 4 times
Cell mass and respiration increased twice degra-

dation accelerated
16% increase in cell mass biosynthesis doubled

Cell growth increased PHB synthesis increased 3

times

2

VHb

Table 2  Vitreoscilla hemoglobin VHb has been cloned and expressed in a variety

of organisms used for production of antibiotics

Organism

Product or activity

Effect of VHb

Streptomyces coelicolor '° M145 pWLD10

Acremonium chrysogenum "'

C10 pULXTRI

St . rimosus >

12 industrial strain

Saccharopolyspora erythraea
VHb integrated in chromosome

St . auregfacins

St . cinnamonensis '

Actinorhodin production
Cephalosporin production

Oxytetracycline production
Erythromycin production
Oxytetracycline production

Monensin production

10-fold increase
3.2-fold increase highest yield 4g/L

2.2-fold increase
Increase by 70%

Increase by 11.4%

Cell growth increased by 6.3% ~ 10%
sin by 10.7% ~27.9%

monen-
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1.2 VHb  E.coli Joshi 2 1994 Tsai 1995 *
VHb E. coli 1.3 - FHP
Tsaj 17 18 23-25
IPTG VHb
2.7 Erwinia chrysanthem Candida nor-
25% 49% 68% T2% vegenesis Fusarium oxysporum
50%
VHb Alcaligense euirophus
NAD P H
VHb FHP 20 VHb
Bailey Tsai ™
VHb  E.coli FHP N- VHb
0 Park " 51% 403 44.8kD
VHb bo- VHb N- FHPg 1
147 C- FAD
ob I TN VHb NAD P H 4~7
bo E. coli VHb FHP X FHP
VHb
I VHb 1 NO
VHb C-
Park VHb bo VHb Frey 2000 *
! VHb NAD P H FAD
o Hor Na™ NAD P H-FAD
Periplasmic space Cytochrome bofcomplex E.coli
¢ —_ e VHb E. coil 50% ~ 70%  Frey
Quino : 2002 * NMR PG
02 .
Vi FHP FHPg FHP N
- i /H+ E . coli
H+
VHb- E. coli FHP  FHPg
b
2 VHb
1 VHb bo 1
Fig.1 Proposed mechanism of the interactions between VHb and sub-
unit | of cytochrome bo ubiquinol oxidases
VHb
Cl V. stercoraria DW
VHb
Joshi 1998 " VHb VHb
VHb Holmberg 1997 °*
DW 4 VHb mRNA
N- 460bp VHb Mr  15.775kD
VHb VHb
DW FNR He3 He4 3~4d
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ATP
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0y ——— ATP VHb
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o, —
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Fig.3  The total amount of chlorophyll and the amount of chlorophyll-A Romirez
and -B in the transgenic tobacco lines and a wild-type control A . Oxy- Holmberg VHb

gen dependent steps in chlorophyll and heme biosynthesis in plants B
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Recent Advances in the Study of Vitreoscilla Hemoglobin VHb and
Related Proteins
in Heterologons Hosts and in Transgenic Tobacco Plants

Cloning Expression and Physiological Actions

J. S. Chiao™
Shanghai Institute of Plant Physiology and Ecology ~ Shanghai 200032 China

Abstract The first bacterial hemoglobin VHb was found in a strictly aerobic bacterium Vitreoscilla strain C1  occurring in
marshes low in oxygen but rich in organic matter. The hemoglobin gene is induced under low oxygen tension and may amount to
20 times as high. The expression of VHb promotes cell growth protein biosynthesis and primary and secondary metabolism of the
host cells because the increased intracellular oxygen accelerates both the function of respiratory chain and terminal oxidases.
The serial action of increased oxygen concentration is elucidated through yeast two hybrid system and a model is proposed.

In addition novel globin proteins known as flavohemoglobins have been isolated from various procaryotes and eucaryotes
with a N-terminal similar to VHb and C-terminal with reductase activity. Primary study shows that flavohemoglobin proteins ex-
hibit similar function as VHb and also protection effect to nitrosative stress. Further work is needed to learn more about the physi-
ology of these flavohemoglobins.

The most remarkable physiological effects of VHb are exihibited in transgenic tobacco plants including accelerated seed
germination and growth in plant increased synthesis of chlorophyll and dry weight. Without doubt these effects are brought
about through the increased oxygen supply to plant cells. It is deemed that VHb transgenic tobacco is a forerunner for transgenic

crops and VHb may be a valuable route for staple seed crops.

Key words Vitreoscilla hemoglobin flavohemoglobin  VHb transgenic tobacco plant
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