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B OE: CAUIFRY], B R 2 KA A B TE RS R 0 R A 4 il e Hh AR E B ) 10 3R 218 5 2
BRI A TR ) 22 ) S B 2 PR DG T 3 2 8 22 I BEP: 40 10 7 PR [ 6 3 R AR 55 T T G R g AN 4. I
W, ARSI A AN ) e Ty 55 37 N R A BB L e A PR ] 02 2R o M 45 A WIS T 7E 0. 1,10,20,30,40,50
MPa JEJ3 T, 8522 [ B PE A0 B Bacillus subrilis B 15 5 B2 B &R 07 R AFAE. 25038 (1) ®ET (=10
MPa) S5 BN R 7 R S ) £ 3 208 Bt AR 4 s 0 B T 0 B sl , 945 1 22 ) 47 A W] SR 2R AR G
Pho (2) BT (=10 MPa) | SCHE S TR I R ) e 37 2% 20§58 Bt s b P 97 i 4 Dk 5 , 5 2 I TR )
FAAEH ARG R O HL, ORI AR TR 8" C ARF5AsE . THODRHE T 20 NADPH [ia i [ R %% AL 1 3
E S OFAA ) 17 ) 2 5 AR 2 RS S RN CIR VA B RS o s QTR RO PRSIV ERVIR /B SR S
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KA AR, 5 R e e M s e Oy
AN J1 o IRk, Bl X R T 2 R IR
Y TF & AIBETS 0 S B i g —
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B A0 AN [ £ U B D R, R
RAUBAFAE B R ZE 5, 9 H 24 K 3 T i, s
SE WIALER BB O o 1 R %
[l 28 701 JEL B 2 22 AN 0 i R TRV 2 TR DN
P ERAL AR IR ), s i BB
ORI T A BR TR (EPA) FI
N R (DHA) S ZOR IR T PR E Y
AR AR 180, AR D h R 2 PRI AR T DR 3R
B AR R HLR O H 2 b
TR B A P BRI A i A e o A )
FRTT RS 2122 (R B R T 497 3% /% s o

TEEF N DR (1991—) , 5B Wi-BF55 4, BF9E 5 ) e A b3k k2% . E-mail ; zhaoweiqiangl 991 @ 163. com

BIEEE: THEMN, E-mail ; jsfang@ shou. edu. cn

http: //www. shhydxxb. com



6 1] B, 2 A2 I X Bacillus subtilis B NI [R5 28 7348 (4 52 1) 939

Ao

I iF, %o ST TURR A v G2 10 A8 i g B 7 TR
Flm] 7 & A8 Ak 7 AR 09 BF 5% © AR — i
JEH B SR, 2 2 A0 T AE R R T A A
fRLTRIASL 2% 0 i 105 82 28 Ak 5 AIE 19 A 45 B iE 52, I
HL BT AT K 2 46 v A 8 22 G A ki i >
WFSE BT, 5 22 P BE P 20 7 S TR VR T Bl b &
BB R, I, b TR L R
M AEA R AATE SR, B N8 5 R 1 22 A R AE
FEEE R R AL 3R 2010, AS S F— ok B &
SR 22 FOBHE 0 B Bacillus subtilis |5 335 1) 5 H:
WG G 7 R 8D A1 8° C, X b A A AR TR 2%
PRI 200 72 T T ) BT 98 TR , 48 7 B A TR 2R 1Y
B ERRE R R 40 S AE K T ¢ &, AT
AR SR TR BIL ) A6 20 B A3k — i 1 B
U T B

1 Me55

1.1 AEEHNHETHEIESR

Bacillus subtilis J&:—¥R 17 0 A TR IR )Z
ARG R 2L QP PR A 7 . H AR A 2 Ry
EANSEDR 791 %6 0 A IRABFTE ™ o BUSe e 40
] IZE AT LI/ T 40 MPa ) R A, JF:
50— E A R I 5 = PR = 24
Sporosarcina sp. DSK25 FT e SR AS S
PA Bacillus subtilis YEWFFEXT 42, 82X EL R X

ARG TR LI T - 1 SR 2 J8AE 4 °C 4l
PR P A8 A T e P TR A B SR kb, 8 T 35 C
0.1 MPa 0T 15557 24 /NI DL B 9EAT 5 AL R
Feo B35 3L i 4 A . Difco™ Marine Broth 2216
( Becton Dickinson and Company) .55 T 7K, ¥
T B TR R A 4, 24 /NI I PR S P A B
RV, — O F Pl T [ AR i 7 i b (5 3R BE 0
Difco™ Marine Broth 2216 2 81/K FifR) , fi K
HH BV S5 AT I P 5 g — e b 2 W A B 5
Hr T 600 nm {52 T i K OD (. 1§
AR BREM, L 1% B4R A T 5 — kR
Brgedrh (B IR 000 425 50 mmol/ L 4 45 4k
F10. 04 % BEREHE B 1075 7K 60 mL( Sigma Chem.
Co), 20 mL Florinert™ FC40 ( Sigma-Aldrich.
Co. ), FCAO fEMHFHRTE A 4 CIHEE T iESLH A
P 12 /NI LLE SR A T B SR AR A
PRI 0. 22 wm A TG I AT U, HEA S 1Y

—BRVEES SR T RS FR A F B O AL
OAME#E20 E R 57 48 (Rl = w]) o, 43 ]
MFEZ 0. 1,10,20,30,40,50 MPa, ji{ A 30 C i
TRAE T HEA TR AR . AR A R A S 50 T K 600
nm G OD {H, 7EAE E BB 15 SR 4%, 6 B
FEWIEAT 10 000 g B0, WA 4N, o 4 B 1S 4
G IR AE g Vi
1.2 BEESEMRE

V5 240 LT O Ao AE S e R TR
2% v (I R — B C ), Wk B2 oy S0 mmol/L,
pH N 7.4) He il g 20 1: 0. 8 BYIR A il op 0,
R — S R 1R o A U e A
TR, BHEE . & B KA LLE A 1:1:0.9,
AR R T BT 43 2SR 28 o R SR I 1Y)
SRR 7:3 WIE Ot : 5 H B TR A R i i
JEkE R 25 A7 100 mg i S 1Y JE A AT (Supleco,
Inc. , Bellefonte, PA) F, /35 IEC k. & F
Be LR R EEAK U7 8BRS P iR R AL
Y b VERE ERE BERR 4 4. K RERIE T A A0 fS i
75 M B % % ( Gas Chromatography-Mass
Spectrometer, GC-MS) 7M1 Flfk | S ha € R0 % 4
Bro
1.3 BERAERFAEE GC-MS 531

WERRRE VI B2 28 3 o 1 H AL AR T Je AL
Mo ASCRH Agilent 7890B AR EIEAX, B
Agilent S9T7A J5i 7% A6 I 2% 73 B I 5 IR W i . €4
JEAE R 30 m x0.25 mm x0.25 pm i. d. HP-5ms
A0 E Y0 M (J&W Scientific, Folsom, CA,
USA) . FHEFRF4:50 ~ 150 C Lk 10 C/min ff
HETHR, EE LS C/min FHEZE 310 CIFREF
15 43%h o Sl 2 fR B8 B[], 9 X0 B bm 3 2, XoF
RS T, TR N AR L E B, AR
R IR 2 1 ( Sigma-Aldrich. Inc. ) o i JIi7 R 4% IR
SV B S B R R R s . TR S B i
IR 1 (57) 8 a( 5w ) oo
1.4 PEREE AERRY AR SRR 24

i TR PP I 2 1) 57 2 76 AR ) 3t 5T 15 A 455
Jor I 5 s g (R0 M . AR 5
Delta plus XP 5 {4 % A i) ThermoFinnigan {3 &
AR, LB PRI 1440 C, AR
P, AR I FETE 16 2 30 By 2Rk Gy
IRA AL ERUE . AR 48 [F] 7 3= o7 & <7 e
200, PR R A 5 LA B HY T i 107 R L[R]3, R
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YERGE . B0 & Wi AR A= & = L L,
X2 P TR E 5% AP o 38 K 1 Y EE Y
()57 2% 3 ol A5 [ 5 it o Ty 2 = T 1R 0 58 e (JEL
I']) ARG IR IR (P64 ) e o R
Finnigan Delta Plus XL [ v & 0 H gL S
Finnigan Thermal Conversion/Elemental 43 #f7{% i%
P e K A AR . FIH Mat Delta Plus [m] 437
2 BT 5 6890 “AH € 3 A% 3% FI Nl e H I
A 2R [R5 4 9 A ] L v i iR A B
I Y ST 2R B 8D o, AR
i FPOTURN AR [ 7 2 LU AE 5 4E B 8 b 1 71
JK ( Vienna Standard Mean Ocean Water,
VSMOW ) HR A ELAEL IR X Ll o ik [F) 457 28 LU A DA
8" C TR, RN TR BR R A5 E D) 7 ( Pee Dee
Belemnite, PDB) 1 & {&,5 AL FARFER

R,
8sam ple = ( sample - 1) X 1 000%0
: RSTD

VL LRV 220 = 2L R N FVAE ST S R VA < D
{EL, Ry HAREY) 5T Y X0 107 [F) 407 2R OB, Bk ) 4o
RAEHD O R 5 7 R K S EE (i
PO ME o AR Dy R 3% [ 0 3R B AR i
I, B iE+E N DB-5ms B4 HE (30 m x 0.25
mm x0.25 pwm) , FEF IR A LG PR 50 C, fR4F
1 4345 LA 10 °C/min FHE 2 120 C, R ¥F 5 41
AL ERLS C/min FHE 310 C L /45 20 40450,
HANAA, W 1.2 m/min, DL & LA N
B, K A7 00 W U, AR HE DT 22 4E 0. 5% LA
PR IR I B ) 3 AR VI T K
PR A AR Z I, DA A W) 2R 5
% {¢ ( ISOPRIME 100,
Cheadle, UK) ,

Isoprime Corporation,

2 4k

2.1 Bacillus subtilis Rg R B8 ZH X

Bacillus subtilis 5 %, 3 TG ITHR : 1L AR D5 R
(saturated fatty acid, SFA), BN 1@ FIRgE B IR
( monounsaturated fatty acid, MUFA) , 7 5% I8 5 iR

http: //www. shhydxxb. com

(branched chain fatty acid, BrFA), JgJFBR1EA
FAERKED A ERILE 1, Hd BrFA & &
BEIE ) THR M FEAI, MUFA 5 BrFA A 2, 3X P il
RENiR 5 77 Z Al 2 30— etk X &R (K
1) R {4y 3% 0. 873 (BrFA) (1 = 4. 541,
0.01 <P <0.02).0.734 (MUFA) (t=2.877,
0.05 <P <0.1) 7 SFA Z£/E F1 0. 1 FFF% 10
MPa i 55 5 B AR, B2 3 BT ITE 20
MPa J5 RF5F8E . EFTAERIES T BrFA & &
YI#3d 67% ,J& MUFA F1 SFA &8 BRI .
ZEEEF (> 10 MPa) , MUFA 74 it 6 35 T SFA
(F£1,E1). & Al=(C, -C)/C(HPC, %
FEE I S5 SCHERR TR & 1, C, AR AT B 1Y) 57 32
FERRIIIR & i) , AT ULER R als 5 i15.al7 5 il7 |
al9 5 119 1y AT 5%kt s S immi i (B 1)
Bacillus subtilis #£ 50 MPa A4, R A< SCHH
KBAGIAE 40 MPa Z R 3k45

2.2 Bacillus subtilis S [E I & HR,

WAk 3 TR I ER AH X VSMOW [ 8D {3
IS R o Hodr BrFA £ 0.1 ~40 MPa T i
P W1 i (&1 2 ), BrFA R 7K A &) 67 2 4
e mte,, =[(1000+3a)/(1000 +8b) —1] x
1 000; fa, fatty acids; sw, seawater } 1] - ¥ {H &
- 184.6%0, MUFA 1 g, FY{E N - 145. 9%o,
BrFA 1 al5 #£ 10 MPa T, &, i5 % - 244. 9%o,
Pl Ra e IR AP VIR MR = NN iR VA7
(££2). al5.il7.al7 1) &, (05 51 Z [ FF 1L
BRI LR (E 2), R 43924 0.761 (1 =
2524, 0.1 <P < 0.2).0.908 (1 = 4. 442,
0.02<P<0.05)F10.811 (+=2.930,0.05<P<
0.1), B & 1 1 Tt , )7 2R 0 fid i 5 353
(E2) ., BEARMARDIRR 1601 5E LG
MR 40.871 (:=3.675,0.05<P< 0.1),
TERTAE AR IET T, 55 SCHERR TR & W) A2 3=
BT SRR IR (£ 2,8 2)
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F1 AEEKESNT Bacillus subtilis EFFiBEE( UASIMENBETHEEEILLERT)
Tab.1 Abundance (in percentage converted from bulk density under each growth pressure)

of fatty acids in Bacillus subtilisgrown at different pressures

LEw A K & F1/MPa Growth Pressure

Compound 0.1 10 20 30 40
12-F 3 = hifR 114° 0.014 0.009 1 0.009 1 0.006 9 0.005 8
[ pu ez 14:0° 0.005 2 0.005 6 0.005 6 0.005 4 0.007 0
13-H 3L Pk 115 0.097 0.11 0.11 0.070 0.065
12-FF 3 PO fsefig al5© 0.16 0.21 0.21 0.21 0.21
- F R 15:0 0.000 70 - 0.003 8 0.003 8 0.005 0
14-H 3+ Fipg 116 0.061 0.065 0.044 0.045 0.036
FRAERR 16:0 0.065 - - - -
15-FA 3L hifig il7 0.10 0.14 0.13 0.11 0.11
14-F 3L 75 bifik al7 0.11 0.16 0.17 0.18 0.18
TR 17:0 0.001 9 0.002 2 0.001 9 0.002 5 0.001 8
16-FF 3L hifig 118 0.021 0.010 0.009 7 0.012 0.009 6
17-FR B\ ez 119 0.047 0.011 0.012 0.016 0.015
16-F 3\ LR al9 0.073 0.021 0.024 0.038 0.039
+JUkERR 19:0 0.002 1 - - - -
18-FF 3L JUbefiz 120 0.015 - - - -
R 20:0 0.072 - - - _
19-F 3 — | g i21 0.015 - - 0.002 8 0.003 1
18- 5t — 425 a21 0.032 - - 0.004 5 0.005 6
T TR 22:0 0.005 6 0.006 3 - 0.002 0 0.003 5
s 2210 0.050 0.051 0.052 0.032 0.020
FH AU IR 16br 1° - 0.003 5 0.002 5 0.004 1 0.004 0
TR 1611 - 0.12 0.12 0.099 0.11
TR 171 - - 0.019 - -
FILMERR 190 1 - - 0.002 8 - -
Z R 201 1 - - 0.014 0.021 0.027
3-SR 17br: 1 - - - 0.053 0.066
T\ SR 18: 1 - - - - 0.005 5

TE BRIF T B0 14— WP S AR RN TR L1 26/ 3 S8 007 TR Lt i 28 ANBRIF T b PBRIE T B B0k 14, JE S8k /Y
TAIE TR ; BRIF T BEC 15, — A~ LS AR 1 , a 27 HY S S 7 TR B e o 375 = VBRI b BRI 0k 22,
HA— AR BRI s k5 SECH 16, 2 — A ESCHER— ARG BRI R . — . RAG

Notes; * Saturated fatty acid that comprises totally 14 carbon atoms including one methyl group, i refers to the second carbon position from the
opposite end to the carboxyl group; " Saturated fatty acid that comprises totally 14 carbon atoms without any branched group; © Saturated faity acid
that comprises totally 15 carbon atoms including one methyl group a refers to the third carbon position from the opposite end to the carboxyl group;
4 Straight-chain fatty acid that comprises totally 22 carbon atoms including one double bond; © Fatty acid that comprises totally 16 carbon atoms

including one methyl group and one double bond. —. Not detected

http: //www. shhydxxb. com
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27 %

2.5

2.0l —@—Al-15
—O -A1-19

e —v— Al-17 _ 0
ﬁé 1.5 /,O/
[N
22 L0 g
0.5 Y

0 Y _-v -
0 10 20 30 40 50

4K JE /1/MPa Growth pressure
(a)

® R e SN
60 @ BrFA
9 < MUFA
® SFA
S5 4 v
iy 0
1 3
= 20
0

0 10 20 30 40 50

4K JE S3//MPa Growth pressure
(b)

El1 Alfs#i(a) FAEMERSE (D) MERENTUHES

Fig.1 Tendency of Al index (a) and concentration variations (b) of fatty acids changing with growth pressures

%2 AE&EKIEHNT Bacillus subtilis SRS FI R AR

Tab.2 Hydrogen isotope composition of fatty acids in Bacillus subtilis grown under different pressures %o

L&Y H: K & F1/MPa Growth Pressure
Compound 0.1 10 20 30 40
13-FP B pu gz i15 - -158.4 - -129.7 -
12-F1 e PUkz iz als ~206.4 ~224.0 ~206.9 ~196.4 ~200.0
14-H1 3L+ T kg i16 - -127.8 - -88.6 -
okl 1611 - -150.3 -131.9 -130.3 -122.4
I+ 75 K2 17br - - ~179.1 -
15-F e iz i17 - ~145.8 -125.1 ~113.9 -110.0
14-H1 3+ bk al7 ~194.1 -199.0 -186.4 -168.3 -172.5
16-F1 3+ )\ BERR al9 - - -147.9 -
e - KK
Notes: —. not detected
-240 -200 160 -120 25 —20 —15 —10 i, SFA 5 BrFA [ 6 IR 10 22 6 4 e 2 00 55 ( &)
0a15 CSFA 3 s S ) —1 1.
0} & & u‘@%?:l% “ - MUFA 2) ) H.,SFA BrFA %55 490 3 400 408 1 gk 1 2
<17 5 =BrFA Y s
£ % d A M 1, (5, glucose) 5 H 2]y TEAH X X
5@ ZL R {HA A 0.963 (¢ =7.215, 0.0l <P <
~
'&13230 s i b « 0.02).0.815 (1 =2.968,0.05 <P < 0.1) (&
. 2) . ZEH KR HF T 20 MPa i, BrFA T il i %
40 & 2 o A  oe N N
#F MUFA F1 SFA 3 FLFf R 38 Jin Jc B &8 78 1k

(a) IEWTRR AR AL 2R 2348 (b) FR R [FI AL 28 73198
—FEAXTHEIK/ %o —FHXT % B/ %o
€ FA-Seawater
B2 FREKEN(EKRE)T Bacillus subtilis
BERAERRR (b) (K (a) B E S B4
Fig.2 Carbon (b) and hydrogen (a) isotopic

£ FA-glucose

fractionation patterns of fatty acids in Bacillus subtilis
grown under different pressures ( ocean depth)

2.3 Bacillus subtilis T [E) L= AKX

i [R5 28 76 T A A2 07 T AR R T R
PRt B A M L3 FPIRIVTRTE 10 MPa i (14 fik [7)
P Z R, R -30. 1%, i £ 40 MPa i} i 5 , 35
3] —24. 0%0, 44K E J1 M\ 10 3113 40 MPa

http: //www. shhydxxb. com

(K3, E2) .
3 P

3.1 JEH3t Bacillus subtilis %55 SRt & AL HY
A

Bacillus subtilis TEAN R4 KB T FEVE LT
TR AN 5 SCRE IR DT R, (R JF R S B
Ao e N A e TS e RR Rl BRI I  N
FIHE Wi 2 (long chain polyunsaturated fatty acids,
PUFA) , X 54GE 1 19 ) — 0k o3 25 8 IR TR
Hr A 22 LG BHE A = Sporosarcina sp. DSK25 AHW)
A TR 20 RE R i U432 o L B



6 1]

AR , 45« A2 K JIX Bacillus subtilis W08 IR 07 R [F) 37 28 7318 K 720

943

JEIRGEA EEAEH] . BFFEER, o 22 IR BP0 A
A B 22 0 BN AN 5 KB 2 AN R R
R, S A MRS B, ol I s T3R5 5 i
22 [ PH PR 4 B AT R i b 2 R iR S
J2 S5 S U T ) A T N R R AR Y AR
SCHYARIWIIR 73 M 4l SRR W], AT 4850y B 71, vl RE
3N S8, Bl Bacillus subtilis 38 35 38 i1 2 5+

SCHERRIDTIR ) & i, Wl G s A S S MR W AR
ST N AR ST B o e Ah, BN A
WRAE T A HY) o T 3 O e v ke 1 — S A
DAL, 5 22 R FHP 200 B 14 3 TR AL ) ] RE -5 I 1 4
BN, BB L G PURA, 15 2 0005 o
MUFA I BrFA SR R0 A 1 7 B3 55

% 3 Bacillus subtilis TEARE A K EN TRRIFERMNRE A EAR

Tab.3 Carbon isotope composition of fatty acids in Bacillus subtilisgrown under different pressures

%0

x| H: K JE 1/ MPa Growth Pressure

Compound 0.1 10 20 30 40
12-H 5L+ =kiis i14 -25.8 - -22.9 -19.7 -
+ P dzig 14:0 -26.1 - -26.7 -22.1 -
13-H 3+ Pukiig i15 -27.1 -28.9 -26.5 -23.2 -24.3
12-H 3+ DUk g al5 -25.6 -28.5 -25.9 -23.4 -23.5
14-H 5+ F kg il6 -31.2 -30.3 -25.1 -20.9 -20.1
5 kzlR 16:0 -30.0 -30.3 -26.5 -25.4 -23.8
15-H 3+ hifg 117 -28.4 -32.9 -28.5 -23.0 -25.7
14 B 3L+ helR al7 -24.8 -28.6 -25.0 -21.1 -24.0
TEkEiR 17:0 -21.6 - - - _
16-F 3+ kg i18 -32.9 - -25.0 -23.6 -
17-F B\ Beiz 119 -28.6 - -27.7 -24.1 -23.4
16-H B+ /\BefR al9 -22.2 - -25.8 -23.0 -23.2
18-F 3L+ JUbiig i20 -28.8 - - - -
AR 20:0 -21.4 - -24.5 -20.8 -18.4
19-H1 3 — iz i21 -27.5 - - - -
18-F 3L — iR a21 -22.8 - - - _
TR 22:1 -21.5 - - - -
+LiEmR 171 - - -17.1 - -
PSSR 160 1 - - -28.5 -29.2 -27.1
15-FJE 7SR 1170 1 - - -33.1 -26.3 -27.4
14-F B+ K58 al7: 1 - - -29.5 -25.7 -27.9

T - FRARK

Notes: — meas not detected

3.2 EAEHMNR.EACESESEERR
iR A R AL 2B IR

ARICHE WA SE T H L B A B Bacillus
subtilis 76/ [F] A= < R 1 7 41 B BB B PR 7 IR 114
e VEURM A IR A, 20 BT T PR R R 1 2
LR AT I 22 57 o X T T AR X F i 58 A
LGRS 005 7 5 L A AL T 3 ] 43 A R AIE
FHATEEE L. R, ARG R R IR
JRIHAE W M ER Ak A A8 PR T R AR T
BRI . AT 7% 45 A B, 2% IR B A0 1
Bacillus subtilis 4= 4)6; J BRAS 1 15 S5 g 1
BRI R R 048 5 A K R Qg KR ) 22 1]
FPTERE 25 W 2R PR AR DG« Bl 5 7 4 v, &I

(L Z AW o 3% — 45 R 5 22 [ A
WA R A, R E T, BITEdni
¥y PUFA &[G ( Z X JE T B99E 2 ARt F s iy
W E ™ T i DR, RN B I K
R B (RN, 522 DG P B P 400 T s e
AN TR] 4 SR 7 28 20 SRR . 3K Bl B 4 T Rk 5
FE TS0 R BRI L R0 A e 5 i K
JE S 2l [ 37 2300 ) 4 A Wy 4 plaed L e
(L AN PR 5 TR I, /25 AT A 2 o i 1
MEALACR . IR MR A & B R b i 20 B
K H TP B AL LB A NADPH FiE
kS, i NADPH HA7 #4219 8D i, 4 i,
TERGITIR & mad 72 v, 1 3 7T A i 0 . NADPH
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I6) [ TR 114 2 R RO B vy, R B 5 4, T
R 2R 3 155 o TR 2= (R B VR4 PUFA &
[F) 57 22 78 8 i T 00 ] B8 5 K BE 2 A T AR 1D
MR IR X

SRR R AT EZEA, Bacillus subtilis Tk [F] {37
BB TR ) HG I £ O i s , X S R
2= RBAVEAN AR S WIFFE2 B, iR s 2 o 2= P ]
PR TR 1Y B [ 37 2= 53 18 52 B [\ A & B ) 2
(ePDH) S0 | FE 7 25 0 32 000, i 40458 1
Se DT ) 57 28 67 fi i, DR o 2 % 1 P
PEAN TR B [F) 07 2R 3 1R AT RE |y A I R £ 50 A
30, SFA I BrFA sk [7] 37 3 22 46 35, 1 MUFA
FE e PR, BEARANBE ) 2 4k, X — ¢
fEATRE S MUFA e KIE T mit S & 2 h
Ko

TSR P 9 S AR AR W v, 22 IR B 4
WP R (TR U b 3k 70% ~
90% ) Bk i 2 Hi AR 3 A A
2 IRBA AN o SATAT, o 22 X BH P 20 B0 0] 7 IS F
AR 18 A TR, o, W TR
WP AR B A ATk 34. 4% L B FER I,
2 PR P 200 R T 8 R ST R 22 B D R R A it
R R T AR I R ot R,
TR TR Z T Byt 20U b, 7 8 iy 5
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Impact on isotopic fractionation of fatty acids by growth pressure in Bacillus
subtilis

ZHAO Weiqiang', FANG Jiasong'**, HUANG Xianyu*, ZHANG Yiming*, WANG Yasong’, ZHANG Li°,
LI Jiangyan'

(1. College of Marine Science, Shanghai Ocean University, Shanghai 201306, China; 2. Laboratory for Marine Biology and
Biotechnology, Pilot National Laboratory for Marine Science and Technology, Qingdao 266235, Shandong, China; 3.
Department of Natural Sciences, Hawait Pacific University, Honolulu, HI 96813, U. S. A; 4. Siate Key Laboratory of
Biogeology and Environmental Geology, China University of Geosciences, Wuhan 430074, Hubei, China; 5. Faculty of Earth
Sciences, China University of Geosciences, Wuhan 430074, Hubei, China; 6. State Key Laboratory of geological processes and
Mineral Resources, China University of Geosciences, Wuhan 430074, Hubei, China)

Abstract: Researches have showed that the stable carbon isotope fractionation of fatty acids in piezophilic
gram-negative bacteria exhibited regular patterns with growth pressure in the deep sea, however, the
connection between isotopic fractionation of fatty acids in gram-positive bacteria and pressure still kept
unknown. Therefore, we studied the carbon and hydrogen isotopic fractionation of fatty acids in gram-positive
bacteria Bacillus subtilis under 0.1, 10, 20, 30, 40, 50 MPa by culturing the bacterium, extracting lipids
and determining two-dimensional compound specific isotope composition. The results showed that: (1) there
was a good linear correlation between hydrogen isotopic fractionation of monounsaturated and branched-chain
fatty acids and growth pressure ( = 10 MPa) as the fractionation became much smaller when pressure
increased ; (2) carbon isotopic fractionation of branched-chain and saturated fatty acids showed good linear
correlation with growth pressure ( =10 MPa), where the fractionation was getting much smaller as pressure
increased. Additionally, 8" C of monounsaturated fatty acids remained stable. The pattern of hydrogen
isotopic fractionation may be attributed to the elevated reaction rate resulted from pressure which promoted the
efficiency of hydrogen transformed from NADPH to fatty acids, thus, fractionation weakened. As carbon and
hydrogen isotopic fractionation was pressure-dependent, therefore, caution must be taken in tracing marine
organic matter sources, determining the transportation and cycles of organic matters, especially in studying
hadal biogeochemistry, where stable isotopic fractionation is controlled by growth pressure and microorganisms
can alter the isotope patterns of organic matters in marine sediments.

Key words: two-dimensional compound specific isotope analysis; Bacillus subtilis; piezophilic; biosynthesis

of fatty acids; growth pressure; hadal biogeochemistry
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