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. 4brnc1:  Recombinant plasmids with the chloramphenicol acct)'ltnnsfcrars (C.\T) structural gene behind w~e ra l  LinrL of 
pmmortrs were tested for expression in EscherichL coli during growth ar atmospheric pressure (0.1 hlPa) and at high pressure (30 
SIP. I~p re s ion  of the CAT gene irom the b c  promoter w a  remarkably actwated lappmx. 78-fold) by high prevure in rhc 
~bse~,.. of rhe inducer isopropyl-0-D-thiogald. ctopymnoside (IPTG). The stimulation of the CAT acriv~ry by [he luc promoter at 
high pressure did not simply resulr from an increased plasmid copy number. b e u w  rhe CAT acrivities from the other pmmoters 
md @-lacramase activities were unaffected ar high pressure. 

'1 Kc words: Euherichia cob: h c  Promorer High pressure: Chloramphenicol retyltransferase: Gene expression 

. I Regulation of gene expression has been stud- 
:ed for many years. yet iew 5tudic.s have been 

_ published showing regulation by pressure. Welch 
et al. [I] reported that several heat shock proteins 
in Eschericl~ia coli were induced at high pressure. 
and these authors suggested that temperature- 
regulated genes in E. coli may also be controlled 
b!, pr+,sure. Barophilic bacteria isolated from the 
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deep-sea also showed gene expression regulated 
by high pressure [2-41. 

We are investigating the molecular mecha- 
11i.sms o i  gene reyulalion in microorgan~srns iso- 
lated from deep-sea samples to determine how 
they have become adapted to high hydrostatic 
pressure conditions. In this study. as a simple 
modcl to examine these mechanisms. we have 
tested the relationship between gene expression 
and pressure conditions using the E. coli system. 

In this paper, the chloramphenicol acetyl- 
transerase (CAT) gene was used as a reporter 
gene in E. coli. and the relationship betwern 
gene expression and high pressure condition was 





p r o m '  lacIq/acZAMlS]) was used as host 

(Phamacia Co.) were used as the source 
promoterless CAT structural. gene [6]. Th 
mids pBR322 containing the tetracyclin 

used to place the CAT gene downstre 

1 1  

tivei,, pTS3 from pBR322 and blunted CAT- 
' , cartridge (counterclockwise, downstream of 

amp-promoter), pTS4 from pUC13 and HindIII 
(pTS5) CAT-cartridge (counterclockwise, downstream of 

I I EcOR' ulna11 I lac-promoter), and pTS5 from pKK223-3 and 
B a r n '  

-1 Hind111 CAT-cartridge (clockwise. downstream of 
ECORI,\ ; ....... 

roc-promoter) were obtained after selecting for 
chloramphenicol-resistant transfomants in E. coli 

Expression snrdy of the C4T gene 
E. coli. carrying the recombinant plasmid. was 

cultivated in LB medium with oxygen-saturated 
fruorinen (25% volume of medium) and suitable 
antibiotic (ampicillin; 50 p g  ml-', kanamycin; 50 
p g  ml- ', tetracycline; 25 p g  ml- ', or chloram- 
phenicol; 20 p g  ml-') for 14 h at 37°C at atmo- 
spheric pressure (0.1 MPa) and a t  high pressure 
(30 MPa) using a pressure vessel (titanium; Rigo- 
sha Co., Tokyo). A 0.1% (v/v) inoculum of each 
overnight culture was transferred to fresh medium 
in polypropylene tubes (5 ml sterilized Kraio-tube) 
at 0°C the tubes were sealed with parafilm and 
then cell incubation was started at  3 P C  immedi- 
ately at each pressure. After cultivation. the cells 
were collected by centrifugation (8000 rpm for 15 
min), washed with 1 M KCI, 0.1 M Tris. HCI, pH 
7.8 buffer. suspended in 0.1 M Tris . HCI. pH 7.8 
buffer. and sonicated at O"C. Supernatants were 
prepared by centrifugation (14000 rpm for 5 min 
in 15 ml Eppendorf tubes). 

Assay of prorein concenrration. C4T acriciry, and 
SDS-polyacrylamide gel elecrrophoresir 

Protein concentration in crude extracts was 
detemined using the Protein Assay Kit (Bio Rad. 
Co.) with bovine serum albumin (BSA) as the 
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u box represents the CAT gene (CAT) cartridge. forming number. E. cdi  ells were grown at atmospheric pressure (*). 30 MPa (0). and SO MPa (0 ). 



protein standard. CAT activity was assayed by study expression the CAT gene at lesser 

used as protein standard markers. ration method [17]. The quantity of plasmid 
increased almost directly in proportion to 
specific activity of expressed p-lactamase 

Results and Discussion coded on the plasmid. 

Effecl of pressure on growth of [he host strain E. Effect of pressure on gene erpression direcrzd 
coli JM109 the lac-promorer 

When the host strain E. coli JM109 was grown The recombinant plasmid pTS4 carrying a 
at atmospheric pressure and high pressure. al- cartridge behind the lac promoter of v 
most no effect on growth was detected until 30 pUC13 (Fig. lb)  was introduced into E. 

a pressure of 30 MPa with a doubling time of grown at high pressure without IPTG 
around 1.08 h, as compared with 0.86 h at atmo- tremendously increased (about 75-fold) compare 
spheric pressure (0.1 MPa). When E. coli cells with the level expressed at atmospheric pressu 
were incubated at 50 MPa the increase in optical while P-lactamase activity increased only 2.7-fold 

result of this pronounced effect. we decided to sure. 

Plvmid Gene 

0.1 MPn 30 MPn 

4991 77.6 
presence of IPTG (lane 3). 

~-1~c1arnasc 66.6 1115 , - 
- . I  

pTSJ lac-CAT 6327 

p-lactamase 75.5 3 - 309 -. i spherrc pressure at~d his11 pressure 

* Ratioshow thc ratioof the spccific enzyme activiw (unit jmg As shown in Table 2. the CAT activities 



study expression the CAT gene at lesser 
sures. The 30 MPa pressure condition was 
for growth of the E. coli transformants. 

the plasmid per cell showed a 
crease. The extent of increase 
as pBR322 or pUC vectors at 
three-fold as detected by a 
ration method 1171. The 

speciiic activity of expressed /3-lactamase 
... . . . coded on the plasmid. -.- 

L 

Effecr of pressirre on gene e.rpression direcreri b i  
rhe lac-promorer -- 

The recombinant plasmid pTS.1 carrying a C A ~  
cartridge behind the lac promoter of vector 
pUCl3 (Fig. Ib) was introduced into E. cdi, 
JM109. A transformant was cultivated at atme 
sphcric pressure (0.1 MPa) and at 30 MPa, ant 
CAT activity and 0-lactamase activity were as- 
sayed. As shown in Table I. CAT activity in celU 
grown at high pressure without lPTG was 
tremendously increased (about 78-fold) compared 
with the level e.upressed at atmospheric pressure- 
while P-lactarnase activit?; increased only 2.7-fold 
at high pressure. The extent of increase in CAT 
act~vity was almost equal to that obtained tf 
addition of IPTG which acts as a gratuitous in- 
ducer of the lac-promoter at atmospheric pres.- 
sure. 

The cell extracts from E. coli JM109 carping 
pTS4 grown under these conditions were appiied 
to a 13% SDS-polyacrylamidc gel and subjeited 
to electrophoresis. As shown in Fig. 3, a 25 kDa 
protein corresponding to the CAT protein was 
expressed very strongly at high pressure in the 
absence of IPTG (lane 2). A band of identical 
mohilitv appears at atmospheric pressure in the 
presence of lPTG (lane 3). 

Erprcs~ron 01' CAT acririn encoded by orher re+- 
cott~hr~rn~rr plnsnrids in E. coli grown or n r : w  

Fs 3. Gel electrophoresis of bacterial proteins. Samples were 
Jcctrophoresed on a 12% polyacrylamide gel with SDS. Lanes 
1 4 .  proteins (15 mg) from the crude mract of E. cdi JM109 
arrytng the plasmid pTS-l grown at 0.1 MPa without IPTG I 

1 ,lane I )  and with 1 mM IF'TG [lane 2). and grown at 30 MPa 
I rithout IPTG (lane 3) and with IF'TG (lane 4). Lane M. LMW 
1 (phosphor).lase b: 94 m a .  albumin; 67 kDa. ovalbumin: 43 , ma. wnic anhydrase: 30 m a .  trypsin inhibitor: 10.1 m a .  

a-lactalbumin: 14.4 kDa). 

Table 1 

Comparison of CAT activiN encoded by various plasmids in 
E coli IM109 grown at 0.1 MPa and 30 Mpa. 

Plasmid Gene Enzvme activin t U / m d  Ratio 

-- 
0.1 MPa 30 MPa 

3TS I annrer-CAT 158 7-3 - I -  1.7 
p-lactamase 14.4 16.0 1.8 

spi~rrrc pressrrre and high prrssirre 
anrrrer-CAT 645 1 a1 L 3  
8-ldctamase 8.3 11.6 1.6 

coded by other recombinant plasmids (Fig. 
11561 1.3 

sured in E. coli JM109 grown at 0.1 MPa and 30 
MPa. The increase in activity of j3-lactamase en- 
coded on the piasmid was shown to be around 
15-3.0 at high pressure due to the increased 
plasmid copy number in E. cofi at high pressure. 
CAT activities from E. cofi carrying the plasmids 
pTS1, pTS2. pTS5 in the presence and absence of 
IPTG, and control plasmids pBR329 showed al- 
most the same level of increase at high pressure 
as j3-lactamase activities. CAT activities from the 
plasmid pTS3 and another control plasmid PA- 
CYC184 also showed no substantial effects result- 
ing from the change in pressure. These results 
show that gene expression directed by the pro- 
moters encoded on the vector pBR322, and tac 
promoter encoded on the expression vector 
pKK223-3 is not affected at increased pressure, 
until a condition of 30 MPa is reached. 

Our present study clearly shows that pressure 
activates the lac promoter region, and gene ex- 
pression controlled by this promoter region was 
induced by high pressure. This is the first evi- 
dence of an increase of gene expression directed 
by the Iac promoter in E. coli at high pressure. 
More detailed studies of mechanisms responsible 
for increased gene expression under high pres- 
sure are now in progress. 
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