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HEAE R EARYEENTHR

K& E K
(ARX¥EEWR, BT 210093)
BEX HERHE

CEVAREFEREEERE,."M 510640)

# R RASHEMNN G FR A CU R B W (Bacillus subtilis) B B 13 K & 12 K H#1T
Torhr . R B AT B A P R B (67. 8ml /@), E R HIEBE, AR 246 B B . MR/ERI SE RO Y
SRR AT 10. 74 1. HEHFEBRERUERRYE, TN EZHE58 BEOHREE
}J Cis—Caso. #&ﬁ?"%*ﬁﬁu Clz—Czoiﬁﬁﬁ\Cn—Cstﬁﬁﬂ Cls—Czoiﬁm:ﬂﬁy‘JIv}:&ﬁ 3—
HE+=5, EREU C 8 BB, XRLITRTRREARRANETNEGTHEY SR, WERRNHH
ATREIRE & B X .

X®E  HEFE BX

B—HEMNT REKR B 9% HE L£9¥

PAEFETART ANV ARE SRR X B BRI 2R LR E U
EERERRHTRYS . BRAFHAE. CNEBFENGERKEPEEREVHERRT . &
WIE CEREFARY P HESBTRE 10°M/ R AR EYRITEAY THAYTER
1%V RARNERNHR T HEG N BREFRRFER EHNHIEL UENTR
ZREZXEM . EMERUARRPHFVFETIEAMT. b TREGERRIEZR,
B HE LA T LR B4 R AL S R AE S5 B R UE L BRIE B R AL B Br 2 (R B X R 5k R A AR AL
A, FCEABRFTES Y —MREREAE —HEFH, ELRERMFTAESRE,
Xt 5 BT AR 74 ) B R SR AR JSHEAT T 2 AT

1 FPRATT %

1.1 XBHH

LR EATE (B. subtilis) AR R U KR¥FMEY B ZRE, R EREEREL
ZREF.
1.2 BEAERSHHE

HEMERA LI KM Spizizen i%i%i,ﬁﬁﬁ%!lﬂ? (NH,).SO0, 2g,K;HPO, 14g,KH,PO,
6g I EERREN ( - 2H,0) 1g,MgSO, « TH,0 0. 2¢, Mi%j¥¥ 5¢, HKIFK 1000ml, HIFFEN T

O BRARNFESHANMRNFERRALREES WA
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500ml &EFE T, F 121—126°C (0. 1—0. 14MPa) K 8§ 25min, 7EB%RITIEE N NS mEERD
BHEMAE TR REERRFHIAT B CEFR LR 4K, BEFRTBHEFFERE
WAE 5000 ¥/4> T 80> 15min, BYE R R BE.OCPK)E, RUTE B TLA/MUGE T RSP RE
T, BREFERM.
1.3 #ANERTE

BHERFEES L g BRALTRT, ARARSSKEEREMMBIBREZZR, REHE
ZHO., BREET L3P, L 300 CHEHBRFLENM 100h, BINHEES .,
1.4 BRSNS EIN

RBEHEERESNZRAD P PRE, ABBRGERIKBRSERS. BE™SC
—4 S HAENFT CO, H, N, #4747 ,CO. A GDX104 B, H, i 5A 4-F kN, A 13X
SIS YE S R R 50°C H, ARARS, KA 2 HHEASERS. AEE™HP—
589011 B S M (U3t C, —Cs RAHAT 247, A ALO,/KCl &, R 50m KEHEH, N
0. 53mm, &g 60—150°C,60°CHH & 4min, FHiBHEZK 30°C/min,BXN N,,
1.5 WiBHENARNS Ef0S T

PR PR AT RE 5 4 B AR A I RIHEAT 72h RKBBRRTBREIR. BA
WMB TS FE LRSS, A HE  RXANRARAHAER BB FILRS B IRRE.
BAIEZR S 3 #4H 4, Fi 2 E Finngan—MAT TSQ 70B GC—MS—MS ({34242 4 43 #4768
W — T, 65k SPB—5 BB, K 60m, BFFE 60—295C, ABHEEK3C/
min, ZR{HR 20min, EHBEX..

2 &5 R

2.1 ARESSER

MEFBENEOCTRBESONERAE 1. KPR SERH(67.8ml/g) . ER
H HAEEAE (nC./iC,=1.19,nC,/iCs=0. 50) , A I MBS AP HEER S W RUBER. K5
R 9. 3608 R, RS PRAZSHEN S BRE.

%1 AREN4H
Table 1 Gases thermally generated from B. subtilis
a4 = ] | a %
(ml/g) CH, | C;H, | C;Hs | CiHs iCq nCy iCs nCs H: CO, N.

67. 8 4.38 0.33 3.09 2.34 0.22 0.26 0. 04 0.02 1. 09 59.1 11.9

2.2 BANLRITER :

2.2.1 REAE /MBS WO R YT

RHEAFEXBRUE LA PEGHEY S BEAE=YPHEE SR FR=RE
SHMES KRS RME 2 iR, HEFERABIRGHMRYSEY 3. 922, ABEM
FEHEGHRYSREET 9. 7415, 1842 1%. BERIERASHWIRAMRE, RE
3.21%.,
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%2 RiinRensRFER

Table 2 Contents and compositions of the chloroform extractable organic matter

& 4 5 %)
KR E% SRR
%) " £ ¥ & 2+ HER
REFEES RS 3.92
YR HRY 42.11 3.21 6.78 90.0

2.2.2 MENEFESERFLE

HEHERERZEARBITEW@E D, UERBAIRTEERS. B 1 FEBLLEENE
Ztbk, EREAHEENY Ci—Cw. EHEFERRRETERA —LELSHFRELE
AH¥EHMBEDIRSY . SRERRIER  FEREZFLEY C.H(n=20,21,22,23)f
Co e, BB R P i R EVREY S BB St # 5 3 #, R 4 #. R
%5 H 5a,140a,17a,20R — fHE $% , 24 — I EE — 50, 14a,17¢,20R— fHE 42 F 24— Z. B — 5a,
14a,17a,20R— & 5% . BEXEN 17a,218— 4R, 16a,218— 30— REEERE ,Cos = 852 M0 Cos =
Wb, B BB SR

RiC %5y 71
8 nCsy
85
sof 4
2 99
[ "“]I“.'.L..' - “no
60 50 100 150 200 250 300 350 400
404
) Ihld&l‘k‘\‘
0 UDUY vl
500 ! 1000 | 1500 ! 2000 K 2500 T 3000

F 1 AR R A 1R 4 O S B T O B RO SR R
Fig.1 RIC fragmentogram and relative mass spectrum of the saturated

hydrocarbons from B. subtilis before thermal degradation

2.2.3 MWEAEAMETYPHRERFE
HEFERMETY PREASBHEGEER. HE# - REITSERME 2 Mm% 3 5
. EMBER X ERRNAR R _BERRNEFERARERTREN ERARTS . EWRE
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%ﬁ&ﬁ'ﬁ?ﬁ jb ClZ_CZS ’%*ﬁjﬁﬁ Cu—CmﬁcF'U C15Eﬁﬁ@§ﬁ%o iﬁﬁﬁ&ﬁ
BEERSBEARBRE 3 —HEI =R TR BRR-BEEBIHRHEE N Cis—Cup, HP
2,6, 10— =HFE+"%.2,6,10-=FE+=4.2,6,10-=ZHETNEZBES. MEFE
REZEAERANSPHEN SRS HBRERET® (S 34,35, H4ERME]T C\3f
Ef(E5 16),

RIC
100 8 .

2021
2

28"15
27
26 28 29 30 81 32 3

1200 ! 1600 ! 1800 ' 2400

2 RHEFE 300 C ML A (B BT I B A A O B
Fig. 2 RIC fragmentogram and relative mass.spectra of the saturated hydrocarbons

from B. subtilis after thermal degradation at 300°C

KT HEHEZ ERRERRRAS P HFE—BHBEYHEY. ENEE, FEH
EHEAY C.Hu(n=16, 1M _FnZ R EY C.Ha.(n=16,17,18,19,20), HifE
YIRS YRS BB SN 24— 2% —5a,14a,17«,20R— 42 24— Z 2 —5a,14B8,178,
20R—JHE t2 5k, B R BB T 5a,14a17a,20R — fH K 42 F1 24 — Z 2 — 5a, 14a,17a, 20S — iH &
. RS RBME, NEME 174,218 B5x.

3 it w
3.1 AMEET RS ML T e R
NE2 B AEREATAEEREAEFEPRAGRRYN SR, RNERE G HEY

FRMRR, TEXETEETABRNATREA ERBAER T RTHEEILREL. LR
ZRBITNR HEFERENRTRRAABFOEME S XN —AHERRT BEEN
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nn | % #

13 %

EZNEMBRA TR,

3.2 #AEHIEERBBHS BT RIEL

HERERRIT NS EERRES AR E N Cio—Cr EMNTE =+, {ESHER
BRI HEEN C—Co, TR Y E+ T, MREAEERZRBRESHERKSEE, £
RS, BEATEERIERTBNEETEEES —RESERBER BT M
[, ~ RS TES FRISHMEREE A TR EREHRECOC, M h R YR HREN
R BB+ ABRRR A+ A BRISRY , E IR S b, EGE+ AT REk B TR EF G+
BHABER. R X EERRENE - LETEXATHARER.

%3 ARFOPEIRREES

Table 3 Main n—alkanes thermally generated from B. subtilis

L 4 AR R S F K 2 F R 14 & )
1 85 170 Ci12Has 2—HE+ R
2 85 170 CizHazs 3—HE+—%
3 85 170 CizHze E+ 4
4 85 184 CisHzs il R ]
5 85 184 Ci3Hys -+
6 85 184 CisHas E+=4
7 85 198 C1Hjo I—-FE+=8R
8 85 198 CiHso 3—HX+=1K
9 85 198 C1Haso E+ s
10 85 212 CysHsz 4— %R
11 183 212 CisHa, 2,6,10- =X+ %
12 85 212 CysHsz E+LHER
13 183 226 C1eHsa . 2,6,10—=HX+=4
14 85 226 CisHas 3,5——H X+
15 85 226 CieHss E+AE
16 83 224 CieHs2 Cie3f 4%
17 - 85 240 Ciy7Hys 4— B+ N
18 183 240 Ci7Hss 2,6,10— = H X+ Pu4x
19 85 240 Ci7Hss E+EH
20 85 254 CisHss 41— X+ i
21 183 254 CisHss 2,6, 10— =FX+H4iz
22 85 254 CisHas E+AR
23 85 268 CioHoo 4—HX+ AR
24 183 268 CisHyo 2,6,10—=H XX
25 85 268 CisHyo E+ %
26 85 282 CzoHq2 4—HE+
27 183 282 CzoHy, 2,6,10—=H X}tz
28 85 282 CzoHy, E=+4
29 85 296 CzHu E_+—%
30 85 310 CazzHys E=+=4
31 85 324 CazsHus E=+=%
32 85 338 C2Hso EZ+HR
33 85 352 CzsHs, E-+HE
34 217 400 CzoHs, 24— 2, % —5a,14a,17a,20R— JE i 2
35 217 400 C2Hss 24— 2. %—5a,148,178,20R—JH4E

LRI R R R BRI P, U CoF Co HEERZ ERBIIHMES . RIINE
BEREN, SRR E AR RN E5E By R, R AR ERE RN ERRE
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RN R .
3.3 hoFkEEdn P ERIZ A K I I B 2R 5L
THREFEXHEZERTCEFSIRYM AP R, RTHEERILAER ., —F
INR X B2 TR, B—mUIA YRR L. XT*%ﬁﬁ%i%ﬁ&TﬁEE
EXNEPREN TR EBRTERAR L, AN EMNREMEY S BX Pkt i2 59 — 4
e E&fﬂ%i%*bu%#nu*Hi#’giﬁﬁﬁﬂﬂﬁﬁiﬁﬁﬁiiﬁﬂ(i 3), %%
A S A 0 40 B 5 R R AE LS L T A A R R . R T , B R UTB U o
FEMTHRFEX#RRNNEEX #RETREER T RENRIEERY INRH— K

RH-RBRBORESZREFHILNTY.
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Study on the Free and Pyrolyzed
Hydrocarbons of Bacillus. Subtilis

'Wu Qingyu 'Zhang Bing *Sheng Guoying and *Fu Jiamo
(1. Department of Biology, Nanjing University, Nanjing 210093)
(2. Institute of Geochemistry, Chinese Academy of Sciences, Guangzhou 510640)

Abstract

The free hydrocarbons and vacuum pyrolyzed hydrocarbons of B. subtilis were analyzed by GC and GC—
MS system. The gas generation rate in B. subtilis during thermal degradation was high (67. 8ml/g), the ratio
of normal and isomeric alkanes was low, and that of ethane to ethylene was high. The content of cholroform
extractable organic matter increased by 9. 74 times after thermal degradation. The free hydrocarbons were
mainly composed of C;s—Cs, n—alkanes with C;; as a main peak. The pyrolyzed hydrocarbons were mainly
composed of C;;—C;, branched —chain alkanes, C,,—C;s n—alkanes and C,;—C,, isoprenoid alkanes, with 3
—Methyltridecane as a main peak, the content of C,s n—alkane was the highest among all n—alkanes.

Key words: B.subtilis Hydrocarbon



