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Study on the Mechanism of Bacterial Adaptation to Deep-Sea Environment
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The world’s oceans cover 70% of the earth’s surface, with about 3,800m of
average depth. Although the deep-sea environment with its high pressure and low
temperatures is too extreme for most terrestrial and marine surface microorgan-
isms, many barotolerant and barophilic bacteria have been found inhabiting the
deep-sea. It is extremely important for barophilic or barotolerant deep-sea bacteria
to maintain the physiological functions of the cytoplasmic membrane, which serves
many vital functions. The fluidity of this cytoplasimic membrane composed of
phospholipids and proteins is essential for the physiological functions of cells. As
higher hydrostatic pressures raise the melting point of lipids and cause phase
transition of lipid under pressurs of up to 100MPa, barotolerant and barophilic
bacteria under high hydrostatic pressure appear to regulate the composition of
their membrane phospholipids. Therefore the characterization of cytoplasmic
membrane under high pressure is indispensable to clarify the mechanisms of bacte-
rial adaptation to the deep-sea environment.The effects of pressure and tempera-
ture on fatty acid composition of barotolerant deep-sea bacteria were investigated.
Deep-sea bacteria maintained their membrane fluidity by increasing the content of
unique fatty acid in phospholipids under high hydrostatic pressure. Gene expression
seems to be necessary for the synthesis of unique fatty acid under high hydrostatic

pressure.
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Effect of pressure on the melting temperatures T, of phospholipids

Phospholipid

Dilauroyl phosphatidylcholine
Dimyristoyl phosphatidylcholine
Dipalmitoyl phosphatidylcholine
Dilauroyl phosphatidylethanolamine
Dilauroyl phosphatidic acid
Dimyristoyl phosphatidy! glycerol
Dipalmitoyl phosphatidyl glycerol

Ta dTw/dP
49 (K/100MPa)
0.5 17

24 20.5

41.5 21.8

31 21.5

28 20

23 21

43 22
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Table 2 Melting temperatures of fatty acids

Fatty acid Tw (O
tridecylic acid (C13: 0) 41.5
myristic acid (C14: 0) 53.9
pentadecylic acid (C15: 0) 52.3
palmitic acid (Cl6: 0) 63.1
margaric acid (C17: 0) 61.3
stearic acid (C18: 0) 69.6
myristoleic acid (C14: 1) —4.0
palmitoleic acid (Cl6: 1) —0.5~0.5
cis-vaccenic acid (cisC18 - 1) 14.5~15.5
vaccenic acid (transC18 1) 44
isoundecylic acid (isoC13 . 0) 39.4~40.0
isopentadecylic acid (isoC15: () 52.5
15-methylhexadecanoic acid (isoC17 : 0) 60.5
14-methylhexadecanoic acid (anteisoC17 : 0) 38.0
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Effect of pressure on the composition of major
fatty acids in a barotolerant deep-sea bacter-
ium, 4033-B.

0,C16: 0, RCl6: 1 ; A,C17: 1 :1,Cl8:
1 ; @, total unsaturated fatty acid

Fig. 1
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Fig. 2 Effect of temperature on the composition of
major fatty acids in 4033-B cells,
[(,C16: 0 ;M Cl6: 1, A,C17:1,;A,Cl18:
1 ; @, total unsaturated fatty acid

Table 3 Effect of pressure on the composition of lipids
in stain 4033-B cell

Cellular content (%)

Pressure
(MPa) PG® PE™ other
0.1 23 63 14
10 28 58 14
20 31 51 18
30 34 50 16
40 35 47 18

a) phosphatidyl glycerol
b) phosphatidyl ethanolamine
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Table 4 Fatty acid compositions in strain RS103cells
grown under atmospheric pressure at 30°C

Fatty acid Composition (%)
Cl5: 0 4.0
Clb: 1 ND#
isoC15: 0 32.5
Cl6: 0 5.7
Cl6: 1 12.2
C17: 0 3.2
C17:1 3.7
isoC17 7 0 15.5
isoC17 © 1 12.2
C18: 0 3.4
C18: 1 7.8

a) not determined
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Fig. 3 Effect of pressure on fatty acid composition in
strain RS103.
B isoCl5: 0 ;V¥, Cl6: 0 ; [, Cl6: 1 , A,
isoC17: 0 ; v, CIT: 1,4, isoC17: 1 ; O,
Cl18: 1 ; @, total unsaturated fatty acid
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Fig. 4 Effect of temperature on fatty acid composition
in strain RS103.
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Table 5 Effect of pressure on compositions of major fatty acids in barotolerant strains

Composition of cellular fatty acid (%)

Fatty acid 4033-D A8190-11 P. bathycetes
10 20 30 40 0.1 20 40 60 0.1 10 40
Cle: 0 21.2 13.7 5.1 6.2 19.1 14.8 10.3 7.7 11.4 7.8 3.4
Cl6: 1 43.0 45.9 35.0 23.0 30.6 36.5 38.8 37.4 51.6 53.9 37.6
Cl7:. 1 5.1 7.4 13.9 27.0 1.9 2.2 3.8 4.4 5.3 8.5 25.1
Cl18: 1 17.6 18.1 27.0 30.0 24.2 28.1 36.6 43.3 20.3 15.2 20.2
TUFA® 65.6 71.4 75.9 80.0 56.7 66.8 79.2 85.1 77.2 77.6 82.9

Cells were grown at 10°C for 48h at indicated pressure.

a) Growth pressure, MPa
b) Total unsaturated fatty acid
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Fig. 5 Effect’ of temperature on NADH oxidase of
4033-B membranes.

Membranes were prepared from cells grown at
10°C, 0.1 (@), 20 (&) and 40 (O) MPa.
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Fig. 6 Effect of pressure on NADH oxidase of 4033-B

membranes.
Membranes were prepared from cells grown at
10°C, 0.1 (W) and 40 (@) MPa.
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Table 6 Effect of inhibitor of RNA synthesis on pressure-induced alteration of fatty acid composition in stain 4033-B

Composition of fatty adid (%)

Fatty acid
Cells were incubated at
0.1MPa 0.1MPa+Rf 40MPa 40MPa+Rf

Cuia:0 1.7 1.5 1.1 2.5
Cl4: 1 1.3 1.5 1.7 1.9
Cl5: 0 2.2 2.4 2.7 2.4
Cls: 1 3.9 4.1 4.7 2.5
Cle: 0 26.7 27.2 8.4 27.6
Cl6: 1 46 .4 47.6 46.4 47.5
Ci7: 0 2.8 2.5 2.1 1.6
C17:1 7.7 7.8 24.0 6.4
Ci8: 0 1.5 2.1 0.8 1.6
c18: 1 6.0 6.3 7.9 4.9

Cells were cultured at atmospheric pressure and divided into four equal portions. Two portions were retained at 0.1
MPa with or without Rifampicin (Rf), while the remaining two portions were incubated at 40 MPa with or without Rf.
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