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ZORIEME LT, SHEED in vitro BBDOREKH
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CEDMETH D,

ZITEEBR, BRESAFEET 2HMEOBWF
SHE I6EBIc>WT, &% 5% in vitro TR
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Licelh, BRELT, BREBHFORIREL M8
IHERRE AL O R B BIRENSIB S, & A HEhidic & VPI
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AETOEELLLEBLOTHET 5.
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102

16 /B Q0 BRIC D LW THREXTT - 12
1) Staphylococcus aureus (VLT S. aureus
LEEY)  KEHERR ATCC 25923 R UPELE Y BERR 4 ¥k

2) Staphylococcus epidermidis (LI F S.ep-

idermidis B89 ) : #EH#EER ATCC 12228 RUEH=E
SYBEVR 4 B

3) Streptococcus pyogenes (LI T S. py-
ogenes LH&d) KR ATCC 19615 RUHKE S
BERR 4

4) Streptococcus agalactiae (LI T S. ag-
alactiae LB8F)  HENEERO S 5K

5) Streptococcus pneumoniae (VLT S. pn-
eumoniae LB89)  MEHBKRD A 5 Hk

6) Escherichia coli (LI'F E. coli £B89), 12
#% ATCC 25922 R UF#E S BERE 4 B

7) Salmonella typhimurium (LI T S. ty-
phimurium LB83) «HEHERR ATCC 14028 R O°'#
FETBERR 4 bR

8) Citrobacter freundii (PL'F C. freundii
LB  MESEERO S SR

9) Klebsiella oxytoca (LI'F K. oxytoca &
B89) : BMESMERD S 5B

10) Klebsiella pneumoniae (LL F K. pn-
eumoniae L#84) : HEHERR ATCC 13883 RRUHE
SYBERR 4 R

11) Enterobacter cloacae (LIF E. cloacae
LBEY) : Bk ATCC 23355 R P T BEIR 4 4k

12) Serratia marcescens (LI T S. marce-
scens & B&F) : HEHERR ATCC 8100 R U#KE 5 Btk
4 ¥k

13)  Proteus vulgaris (BLF P. vulgaris &%
F) Bk ATCC 13315 RUBE Bk 4 B

14) Proteus mirabilis (LT P. mirabilis &
B59) : 4ERERR [FO 3849 R U SKE S BiEbR 4 B

15) Pseudomonas aeruginosa (XL P. aeru-
ginosa L#ET) :#E#Ek ATCC 27853 RUHMES
BERR 4 1R

16) Hemophilus influenzae (LLF H. influ-
enzae LBET)  HENHKROS 5K

LIk 16 M 80 thid 2T, WBRICELSL, B
WHREL, EEEEEL:.

2. EEA&
1) - AiE®

BHE s, ARBCLBELHEEERERT LD, F
WREEZT- 1. H. influenzae 1213 Brain Heart
Infusion (BBL) (LLF BHI &#8¢) broth i =¥k

#@hin#* 5 mlfNA 7: Levinthal broth %, 2 D fioFic
i3 BHI broth ZH \, Sl b ml % M4H%E | = — %
SEEL, 3T CoERMIC 8 HRINE L THIkE L
1.

2)  kEE

AEEEICE, NI OoBFE2 b >MREER
bottle 7. k32 bottle T, BHI broth 50 mlic
Levinthal broth 5ml&#iML 72 d @, KU BHI
broth 50ml@ A0 b D% FHEBEML . 1) THi
R -EERPEEREKCTHRL, H influ-
enzae 3FIH, TOMOMIIHERED bottlelz, &h
FThAERESEEM Inl BB r Ll aihicEE L
7.

(% 5 L 7z culture bottle 32T, W4t O @K
EFEOWH, v a3~y TLBEERERE YT S5 S
(vvxzyvyyaery® §-35) wTk%i2lL
Gyrotory® Water Bath Shaker : Model G 76
(NEW BRUNSWICK SCIENTIFIC CO., INC) % B »
T, BB 37°C, Speed 6 (9100 [E] / 43 ) i THR 3%
BLr.

3. BREOHEW

MEEELRIE, EEREREFME LT, U
%,10, 12, 14, 16, 18, 21, 24 BfEDEt 8 Elicb o » T,
bottle & » HiKO—H AR L, 4nl % GLC &#ric
it 5%, B - 20 Cic THEERE L THERIEY
M SR EFT > L L, 2RPBRIAEK (Colony
Forming Units : BIF CFU &B8¢) DRIFIfEL 72,

4. CFU QHIE

HEENEO—BE L EEREKICT 10 BHRR
FlE->< v, 107, 1075 1075 107" OB E 2N E
0. 1nldb TEREMICEREL, 37 CT 18 S
#%, flood plate i iz T CFU 2 ®5E L /-. CFU RIER
BMe LTid, S. pyogenes, S. agalactiae, KU S.
preumoniae Iz "— b4 v 72—V 3 v BRI
(= v 4 ) ICHEREGINE 5 %A MR ER AR
BeA , H. influenzae 1213 BHI broth o #1555
FEERFK (FNEHEE) 1.5 %R CHEENMIMN 5 % %2 MA
foF a3 3L — P EREREHMAE, P.vulgaris RU'P.
mirabilis <& % O EERE % ¢ BT DHL X (=
o V) RIS A, £ OO B id 4T, BHI broth
ICHIEE R A SRR R 1.5 % £ A /- BHI B R E 4RI
MEEhZENAOVI.

5. GLC 3HF~DOBREDOFILE (B188)

1)  VFA RIE Rk HAS

B 2 mlic 50 % v/v DRSS (Fe s
CLITHMET ) 0.5nlEMATH2.0 T IcHAE

U
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Sample 4m}
VEA NVFA
2ml 2m}
add add
50% Sulfuric Acid 0.5ml 50% Sulfuric Acid 0.5ml
Ethy) Ether 0.5m1 Methanol 2 m
. | mixing

gvaporation of Methylation

Ethy) Ether {30min at 55°C)

15min at 50°C
cooling mixing
at 4°C

add add
Ethyl Ether 0.4m1 Chloroform 0.4ml

mixing
Centrifuge Centrifuge

(2000rpm,5min at 4°C) {2500rpm,10min
at room temperature)
Injection of Injection of
Ethy)l Ether layer Chloraform layer
to GLC to GLC
1.6p1 2.0p1

Fig. 1. Procedure for extraction of fatty acids.
Note: VFA means Volatile Fatty Acids.
NVFA means Non-Volatile Fatty Acids.

Liz#, Bz Frz—570 (MEHE : LUTFxs
W EI—FNET3) 0.5ml #iM27T PARAFILM®
(AMERICAN CAN COMPANY : BIF/¥3 74 v & &
T3) TEHL, MJRBBIILA. 574 V0%
B L T 50 'C @ water bath gz 15 SR8 E L T,
—HxF LT —FLERPERSE, HDT57 4
VLTEHLT, GLCORETS>ETL CIRTREL
2. VFAO GLC AR h &b 12 HELIA T -
7. GLC 93k, BUzF Lz —5F 4 0.4nl% WA T
BOIRBENL, 2F A —FLOERER/MNCIIL
5%, N5 74 VATEHRLT, 4°C, 20008/ 5T
5430, BEIEO L 2. RO SIkkFIcEEL T,
ARILEPHICZIF LI T VB D 1.6ul % 5B
KEALL.

2) NVFA BE R #iEo@s

Bk 2 mlic 50 % v/v BRER 0.5 ml 2 M0A TpH 2.0 &L
TEEL:E, oo b3 7 27— (FIE
BE LITA9/,—1&d3)2nlxMA TRMNE,S
€D water bath #1iz 30 53 fEE#E L ¢ NVFA % # F
NMelte, EBFTHEIR, oot /57B 700
Ts (FOEE D TFTrsoosradbd3)0.4nl%
MA, »¥37 4 L& THHLTHEHRBRML 2%,
FiR, 2500 @ / 4 TH 0 AEHELLT, oo kA
Bo2.0ul #R3REBICIEAL L.

3)  EREIEEoOFR

VFA OEHEsIEREE LT, BFlE » 7o B4 VB -

1 /B8R s ERERR A v HER - ESER -1 v 7
o vB (UT2THXAMARSR) ROEN 70 VB (0
B OEEZAZTN 0.2/ nl HO &L
BEBREED., 20 2nlic>WT, kiLl) SRLE
AT « GLC 2r2fTw, BIEHEREE D 72 b iR
Frf(Retention time : EIF Rt £ B84 ) D control
&L,

& 7. NVFA OF# Bk E LT, EvE VB -
B« AV OEFB - V20 B v VB 720
Beans B (UL THEEE 0 T8E%%20
FN 0.2mg/ nl FOBLRAKEIED, £D 2nl ik
2\, EEE 2) &6 U BBl - GLC MR 21TV,
RIEHEERIE @ 7212 Rt @ control & L #=.

6. GLC v

GLC 4y#fric 14 Flame lonization Detector (WA TF
FID &9 3) 2% L/ GAS CHROMATOGRAPH
GC - 4CM (Shimadzu) %M\, & 7 column
2 i3, 10 % Reoplex 400 on 80~100 mesh Chr-
omosorb W (F#i¥) ZFHEAELTZE2.6m
X £ & 2000 mn® packed column (Shimadzu) % F \»
1o YA E OIS, Injection Temperature : 180
C, Column Temperature : 130 C, Carrier Gas &
EFE (FTHE% 99.99 %L1 E) @ 60 ml /min, FID 4
i, k¥ (KT8 % 99.99 %LU L) : 0.6 kg / ar, Air
: 1 kg /e T, Sensitivity : 102 M@, Range : § X
10727V & L %

F&kEtid , HITACHI RECORDER QPDs, # WV T,
chart speed % 10 mm /min & U, 28K A VD —
10001 — A 2ER L 12,

¥ 72, E¥ D chromatograph ~DiEAIC I, 7V
T4 20y yIMS - 10 5BV,

1. SDFTEROBER

1) leisBeoREE

VFA, NVFA & bic, FoHERIEHBIzL3 70 <
P AEERBLTEE(EL2). B0 < b5
LT, BEEARL D& peak DTESRE TO Rt OE
SO L VIS OBE LT - fo. HREERGIRE &
L7z 15 LIS D Rt 235 peak IR L 712184 12,
Bl VFA OIFEITE Vi, NVFA OB &I 1 Nog
ED LSz, VFA Tid1 v HEBO, NVFA Tz o
NoBoENE L LLELRtOLKTEDbDT I EEL,
MED(LFHEE R ITh R, - 7.

fotZL, CONFETIE, NNFAOELE v#& 4
* 4 oBEEEASE biIc oD peak i, FHER
Dpeak DREVPHBRTEHEL VB, ABEOHIICH 3
peak % X, LB L v 2 vEEE OfElict 3 peak 2 Y
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Eafriri.

2) EisVEOEER

BHeHABEE &, EALCIEDEE L peak D& S &
i, RERo BN TIRERICLLFIT 20T, & peak
DR EM O RNE(LE R 2101, peak DFE D
HxOBHEOATESTH 3. - T& peak i3,
peak DTEED S base line it FTALLEROK S %
AL T, mOBMETRBEL . &7, peak M ILERHE
D oRVUINAIBEICE, HTHLELCDEEZEAL
froa= 73 A%BT, WOBMOEE D peak &
D, BrVEEAROID ZTOEGEERD .

5 i

KT8 5 bR BRI B 17 B 42 peak P E
(x) RUIEEFE (0,-) &Ko, FEHEOWHHED,
2405 8 B HBINIc B W T, BhTOH L WHEERS
ZVRERELEY, 2ELULOBEERLILEEO
&, FORIFEOHE LR LI ERMBLEL. SR
BYLHEEOHELRTIEHROBENEH RUER
¥ (CFU) o4& 2~1Tmlri. &RAERM
E LT, S aureus, S. pyogenes, E. coli, H.
influenzae OMBETEH LGB %R v CFU ©
BENBELRT 75 7 & 16 BERC 24 BEc B
AR TS akiRbic (B3~6). 48 H.
influenzae & = DMOETIF, AREBICH VKM
OABHETRE 128, (BEICB 3 20l &
BRI EREL - 1. (RRURICEY 5 I5 1 8
ZokRiR, £, RUFEOHD 70 1) TR/
Bicks.)

1) S. aureus i3%9 16 B8 T growth curve %
Logarithmic phase #» 5 Stationary phase ~ & #
FLAzBITC oA S L-S AmEB8d). BRI HEm
AR EeRRlR, L-S mEDLEA 2 ERBucED
L. gEBO0H 2 ERTMOBE LT, VFATY
oA B A VBB 4V EER, NNFAT~o v
e 2P EERT Nog SRIBICHEM LR 73 h, #r
LSHBELI Nois bEBOB AR LI (E2 -
3).

2) S.epidermidis ZFOFEHMSEL 24 BT
X 5% ¢ Logarithmic phase Db bicE L /2. <
oDREETTEHE EREcOR, {VEBR- A VEERE
BeansBe NgD 4ETH -7 (F3).

3) S. pyogenes bEOFHEF L EL , 24 BHTH
L-SHiELE» -7z, VFALBEEOHX 27RT
b0 <, NVFA TH 12 X b, X L KXEBHO
Now 8T LS B L TEMARTOBBHTH » /2.

e,

FOMY RU~o vEOFHREA (R4 -H4).

4) S.agalactiae | 16 ~ 18 B¢filic L—S
b ,S. pyogenes £V & growth curve iZik» TR
Hichi- BB LECICLAL ST, S. pyogenes O
M CH > 1o X P Nog OHE - EMERT . DA~
o VBHBEBEOBEAR LICBE N, -0 (KD).

5) S. pneumoniae i3 21 ~ 24 B§f ¢ L-S &
WCEL o, HricEBoB 2 2R L BRI ES -
7= (&6).

6) E.colitdBl T 7 5 LIEMERE —% & [[Eikic
REMNEC 12~ 4BHTL-SHIiELL. L-S&
AHESEMA S &, FAE THEML TO RSN
D LRl ofBSE 0B % AT &I
43). S. pyogenes LRk, NVFAIZ X »5ti4 2
A, L-SHA%ZHEAZEEBICHEL, LrbRSE
Tb S. pyogenes DEND /6 BICBERN -1z,
AEb L-S SAMALEHBRIOPPRIMEL
fo. O, ¥ v BIEEET A, TN BRIZ 10K
bR cRSEICET s caBLAE, L-SaEf
EhoaBicEb L TwW vy —vERLE (LIRS
DanIESEEOEEL SERE" LT E) (KT -
B5).

7)Y S typhimurium (3 16 BRET#% T L-S &
WL, BB ABEARL, o4 YR
HWinL < 24 BT RARME Lic. BRI, E coliD
BaLER L-S S2EA 5 L BBUCEELI. <
ayBEUISHMI O LS HE U Nig 2@ L
b, a7 BREEOSEHELRL L (F8).

8) C. freundii 14 18 ~ 21 B¥fll T, L—S A
Li. BEBRIE ABNEEA/R L. 7oA vBE b I3[R
UBa 2507, ABRThIc PRI - TRAHEK
L#:. LimL, L-SHEE#EA 3L, #721 Vi, N
Niu @ 3 FEOIEHBEAHEBE L TEhEABEMOLL. C
D355, Vig, Ny D 2F 13, HREOF TEREOHIC
BohicbDThsd., Yavl - vovBREFHELL
P, ansBEEEO SETEERLL (RI).

9) K. oxytoca it 14~ 168MT L-S sc#
Ut Brfpd By ghnes R L7, ABEvanE
o seil- Tk L. vavBREEL, 278
IFEREIR T S BBER R L 72 (K 10).

10) K. pneumoniae i3 16 BR#i% T L-S &
LR, MERRIE ATHEERR L. 4 v EHBR S

Lichs, a~s BB SEHELRLEL. K
NembansBicoeBh T8 E 2R
Logarithmic phase B8 & © Nos 253 L CHiE L
1z (F11).

[ —
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11) E. cloacae i3 16 ~ 18 #5fT L-S fMici#
L. BEEEG ABIRERRL, (v HEEEEHEL .
an g BRIZHEBIIE SEEEE IR L 12A5, Nop bP 0B
ncl-ghx xRl 7. ToOfh, Logarithmic phase
FiEE Y Vou, Nots Nig OF LU peak B L T
L (F12).

12) S. marcescens |3 16 BffIRi#% < L-S &ic
ELL.HI2EMEY Vig 2 Lico i’ E. cloacae
LABDATH»tch, KR TRAIEDZNDHN 25
BlcbiELAL., £ L-SEMELID Ny bHER -1
mUtc. 2o, 4 v EEBEE 4 v HREAMERL,
a7 BRISHTUMS SEREZ /R L2 (F13).

13)  P.vulgaris $HEHFHEL , 14 KB L-S
mCEL o, BRERITATINS ABIEAR L, AB I3 Z
NICTPREIL» THEL. 1 VEEER » 4 v SRR .
Nogs O, i1 S5 I U o Vg Nogs o Ny (381
L., 37BN SEREER L, va vk
3 1285 T 1000 m%&#k 2 % K %175 peak & L £
B, BB L, oy — i3 P. mirabilis & 8
TH-TID2EUADKHTRESNIEWEYTS -
fz. ZOfth, Y H 14 BIic peak = b > BEAER L -
(F14).

14)  P.mirabilis %130 14 ~ 16 ¥RIT L-
SHEIZEL . P.vulgaris &[E8E, B)& £R$I505
BOBDBED L. YRBEEOHEXOREShLEWI &
RIS P. vulgaris & KEHIE, - 12 (F15).

15) P. aeruginosa i 16 BffFi% T L-S SHic
ELl. BB ABELRST, RO»ORLT 30
AT, HRETRKHOBRH cH -7, ABII L-S &
Tl S BEICHD LTk Uiz, a3 7 B 10 B8

Table 1. List of abbreviated words

VA NVFA
A Acetic Acid : Lactic Acid
P: Propionic Acid : Oxalic Acid
iB

B: n-Butyric Acid

L
0

: iso-Butyric Acid M : Malonic Acid
F: Fumaric Acid
S

iV : iso-Valeric Acid : Succinic Acid
V: n-Valeric Acid

iC: iso-Caproic Acid

C: n-Caproic Acid

Note : VFA means Volatile Fatty Acids.
NVFA means Non-Volatile Fatty Acids.

T—HRDLT, Lrha@®%#ELTE, Chbho
HFRECEROASVWEETE -2 (£16).

16) H.influenzae 3 16 ~ 1887 L-S &
WEL, CORSTHABEMEALL. YavBRiziE
L, a7 BIZHBINE SHREARLAL (R1T - K
6).

% %

1. EBRRHEICHTIER
MBI R LT HOEES, RARERICKVE
HipoBohlokENERILEMICESHh, k-7
o4 B BEBREOERIENBeC TV a-VIEED
FRAESMEER L A TRIGHEDL S, L LHE
BIFREI S EETRET 2B, 22 DRBEOEKT
DOMERZ1T S &I, BEH» S0 KENREKNICE
FicEsNEAH, bLEORBERERICCO, & HO S
2 o TIOMEDHEFICLBERETOIE, £
NOBKRSEHFTRGEEZREL TV S5, EHERSE
BENCEHEML TS, BREMCECORUHO &2 3
B, RESTOIBHBSED X EHERT S EHTFET
&5, FHEBICAKEAVTI~3DOEE 36~ 48
BRI L T GLC i %175 & BB IR & A &
KLTWEEEETFHERTHEALL. 22 THENE,
H. influenzae OEMO HHER L DIHETFER 3 b
DO, ZOMOERMBHAHEE—EICREBEL, EB

% _| ; s
! ; s
1 ! =
: X o
a 13
A2 4
u it .
| L l
..__T ,,1_ - - B ‘ n
; 1 i
i L iC 1o ‘
ok | ¢ 1 T
S ] :
i [ ; !
. :'F—"m' e ;
A ;,ﬂ el
T s 3 —
H——— b
SURNY 1
_;,,tgslmxh\g;; SN IO 5 N

Fig. 2. GLC patterns of control fatty acids.
Sensitivity: 10?MQ
Range : 8X107?V
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Table 2. Sequential changes of fatty acid profiles in cultured S. awreus

0 hr 10 hr 12 hr 14 hr 16 hr 18 hr 21 br 24 hr

149£7 162*15 17511 275128 332+12 282132 185+33 9.6%x5.1
P 1.7%0.3 1.6%0.2 1.6+£0.2 3.0%0.6 5.0£0.6 8.7£1.7 17.1£0.9 25.1%*1.9
iB 2.2£0.3  2.4%0.9 2.1x0.4 9.010.6 10.5%3.9 46.2£20.7 167+76 234152
iv 8.8%£1.3 10.1%2.3 8.9+t2.1 22.8+11.4 185%60 500+112 810=110 946 81
M 1.4£0.3 1.4%0.2 1.4%0.2 4.5t1.6 6.4%3.2 7.9+3.8 14.2%t7.6 12.4%4.5
S 9.1+1.4 8.9%1.0 10.6%2.0 38.5%22.5 40.0%14.5 63.0+35.1 79.2%£32.7 74.9%26.5

No.s - 1.3%£0.3 1.4%0.2 2.0+0.4 4.3%1.2 9.0%£2.2 18.6%t3.2 32.5%7.1
Nzos 2.7£0.8 2. 5%0.5 2.7£0.6 3.8+1.4 18.7%£10.4 80.4%37.2 147%47 198£50
Log of CFU 6.0620.37 7.43%£0.39 8.27+0.34 9.30%0.51 9.42+0.68 9.61+0.53 9.50%0.38

Table 3. Sequential changes of fatty acid profiles in cultured S. epidermidis
0 hr 10 hr 12 hr 14 hr 16 hr 18 hr 21hr 24 hr
iB 2.2%+0.3 2.0%0 2.1£0.5 2.0t0.4 1.9£0.5 1.9%0.3 4.6X3.0 15.9+3.5

iv 8.8t1.3 7.6%0.5 8.4%£1.8 9.0x0.7 9.1+2.4 20.0+10.4 106+49 198 £52

S 9.1£1.4 7.0£0.7 7. 4%1.6 8.4x0.3 9.1+1.4 19.6%£11.3 57.1%£22.6 97.6%22.9
Na.03 2.7%£0.8 2.3%0.3 2.5%0 2.6%0.3 2.4%0.6 3.3%£0.7 7.9£3.5 31.3%4.6
Log of CFU 4.00 5.61+£0.52 6.57+0.46 7.56%0.46 8.52%£0.37 8.98+0.66 9.34%0.69

Table 4. Sequential changes of fatty acid profiles in cultured S. pyogenes
0 hr 10 hr 12 hr 14 hr 16 hr 18 hr 21hr 24 hr

X - - 16.0%0 10.4%+3.1 44.6%25.7 134%t55 210£60 264164
Y 11.2%2.8 8.8%0.8 9.9%+1.7  10.2+3.2 25.8%t14.2 79.8%36.3 128*65 15980
M 1.4%£0.3 1.3%0.3 2.5%1.1 3.5%1.4 7.8+2.4 19.6%£5.3 32.9%£3.4 39.3%k4.4

Noso 1.4%0.2 1.0x0 1.3%£0.4 1.1£0.3 3.2+1.5 10.8%£3.7 22.0%t4.9 27.1%5.7
x

Log of CFU 5‘.07i0.91 5.59+0.76 6.09+0.83 6.57£0.69 7.02%£0.64 7.57%0.54 7.89%0.27

Table 5. Sequentia} changes of fatty acid profiles in cultured S. agalactiae

0 hr 10 hr 12 hr 14 hr 18 hr 21 hr 21 hr 24 hr

M 1.4%0.3 2.5+1.7 2.6£0.7 8.4+5,2 15.4%6.7 18.5%7.4 15.1%£5.7 16.0%6.0

Log of CFU 6.19£0.37 7.16+0.45° 8.17+0.51 8.32+0.43 8.47£0.40 8.31%0.44 8.581+0.38
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Table 6. Sequential chahges of fatty acid profiles in cultured S, pneumoniae

0 hr 10 hr 12 hr 14 hr 16 hr 18 hr 21hr 24hr
No significant changes of fatty acids
Log of CFU 5.17£0.54 5.84+0.74 6.63%0.57 7.1820.81 7.76%£0.50 8.13+0.41 8.35%0.41
Table 7. Sequential changes of fatty acid profiles in cultured E. coli

0 hr 10 hr 12 hr 14 hr 16 hr 18 hr 21hr 24hr
A 149%7 169%5 277%41 322+17 269129 149%27 6.1+£2.3 3.3%t1.5
X - 27.1£13.8 46.1+19.6- -~ - R - - -
L 72.0£9.1 81.1%7.1 251+95 11246 - - - -
0 6.8%1.7 5.9%1.6 13.243.0 12.4%3.0 16.0%£3.3 14.0%£3.5 22.9+3.5 37.7+13.4
S 9.1£1.4 21.8%4.2 252198 169+52 32.5£8.7 27.0+8.6 19.3%8.7 4.6%£0.7
Log of CFU 7.46+0.59 8.93+0.57 8.94%0.39 9.31%0.34 9.24+0.17 9.33%0.23 9.29+0.16

Table 8. Sequential changes of fatty acid profiles in cultured S. typhimurium

0 hr 10 hr 12 hr 14 hr 16 hr 18 hr 21hr 24hr
A 1467 168+9 259+27 34011 292%48 233%39 136%+18 4.6%+2.3
P 1.7+0.3 1.7+0.5 1.9%0.4 4.4+1.7 9.4+3.7 14.8%£3.9 14.8%6.3 -
L 72.0£9.1 78.2%8.3 20979 191445 98.61+33.9 60.3%23.0 - -

M 1.4+0.3 1.0%0 1.6+0.8 4.1+2.1 5.8+2.7 7.9%£3.6 10.3%5.3 14.9%7.0
S 9.11.4 19.8%13.5 262%49 27498 38.3k22.5 9.4%8.1 5.0£2.6 4.0%£2.5
Nuiss - - - - - 1.0x0 3.9%2.4 10.8%1.9
Log of CFU 7.06£0.41 8.41%0.43 8.80%0.24 9.39+0.34 9.51£0.20 9.60%£0.24 9.63+0.09

Table 9. Sequential changes of fatty acid profiles in cultured C. freundii

0 hr 10 hr 12 hr 14 hr 16 hr 18 hr 21hr 24 hr
A 149+7 184%11 265136 36261 35725 282133 89.0+£26.0 4.4%2.7
P 1.740.3 3.3+2.1 4.4%2.5 6.614.0 8.7£3.7 20.6*x10.0 31.0t15.0 1.6%1.3
Via — - - - - 23.4%11.5 35.4%7.8 40.1+4.6
L 72.0k9.1 68.3%113.1 207%49 164 %50 t - - -
0 6.8+1.7 5.6x0.7 12.6%2.5 6.9%f1.5 12.7k1.4 18.7%5.2 26.7t4.3 45.9%11.4
M 1.4%0.3 1.4%0.4 2.7t1.6 6.1+2.2 6.91t2.5 5.9%3.0 8.9%£2.3 11.1%1.9
S 9.1x1.4 57.3%£33.2 20468 231+30 14.1£7.8 19.2%11.9 19.5£8.9 10.5%2.8
Nuiess - - - - - 2.0£0.4 6.7£3.9 13.7%8.5
Nazs - - - - - 7.6x3.6 11.3*1.1 11.7%+1.5
Log of CFU 6.981£0.43 8.03+£0.54 8.700.46 9.22%£0.45 9.49+0.33 9.69%0.14 9.40%0.32




108

Table 10. Sequential changes of fatty acid profiles in cultured K. oxytoca

0 hr 10 hr 12 hr 14 hr 16 hr 18 hr 21hr 24 hr
A 1497 1446 188+12 30925 323£19 278123 105451 3.8+1.8
L 72.0+9.1 72.0%4.1 105%£17 17637 10235 20.5+15.4 8.8%f1.1 -
(e} 6.8%x1.7 5.2%£0.6 7.6%1.5 7.4x1.6 9.4+ 2.7 10.2%2.1 12.1%4.2 39.4%17.5
S 9.1*+1.4 8 8+0.5 29.8%£6.7 90.2+12.3 22.1+10.8 20.5%9.9 31.1+11.2 13.8%8.9
Log of CFU 6.64+0.10 8.18+0.29 8.77£0.56 8.96%0.74 9.39%+0.11 9.52%0.11 9.58%0.07

Table 11. Sequential changes of fatty acid profiles in cultured K. pneumoniae

0 hr

10 hr 12 hr 14 hr

16 hr 18 hr 21hr 24hr

A 1497
iv 8.8+1.3
S 9.1£1.4

No.7s

Nooz 2.7%0.8

147£10 20627 30630
11.8%£19.9 11.0%£1.2 12.9%2.1
12.2+4.6 40.0=20.1 108%31

1.3%£0.5 1.9%0.6 5.1£2.1

5.1%2.6 6.9%£2.2 19.2%+15.6

294%32 231£25 70.4+32.1 7.2%5.0
14.3+2.2 23.5%7.7 51.2+16.4 96.4%35.5
45.0%20.6 26.5+12.8 26.81+13.3 27.4%18.6

6.8%+4.1 10.6%£5.9 21.2%£12.9 35.0%14.9
51.7+33.0 92.5%63.5 5.0£2.6 2.0x0.5

Log of CFUJ 6.96+0.27 8.11%0.32 8.61%0.29 9.23%0.25 9.38+0.18 9.57+0.15 9.50%+0.18
Table 12. Sequential changes of fatty acid profiles in cultured E. cloacae
0 hr 10 hr 12 hr 14 hr 16 hr 18 hr 21hr 24 hr
A 149%7 1729 250148 285117 257134 191+44 139143 9.9%7.0

iv 8.8%x1.3

Voas

S 9.1%x1.4

No.76
N1

N2oz 2.7£0.8

8.5%1.1 9.9%1.3 9.8£0.9
- 9.3%+0.9 9.9x3.0
19.0£5.2 66.9%£32.3 106%+21
2.5%+1.4 3.8%2.5 6.9t1.4
- - 2.4%+1.1
2.9%0.6 2.1%£0.5 8.6%8.0

14.3%£2.2 17.6%+5.8 42.8+27.6 90.0%24.2
8.5%£2.7 8.0+1.0 11.6%3.7 18.0%£9.3
47.3%+34.3 38.9%£9.8 38.0%11.8 30.4%9.9
7.3%1.3 12.1%3.2 17.0%£5.3 36.6*6.5
7.8%£3.3 17.1t4.2 27.6%+3.3 37.8%3.7
28.0%113.9 77.3%16.2 67.0%£3.7 3.0X£0.6

Log of CFU 7.3340.32 8.37+0.23 8.83%0.23 9.11£0.28 9.47%0.26 9.76+£0.10 9.67%0.13
Table 13. Sequential changes of fatty acid profiles in cultured S. marcescens
0 hr 10 hr 12 hr 14 hr 16 hr 18 hr 21 hr 24 hr

iB 2.2+0.3
iv 8.8%11.3

Vo.2s

S 9.1x1.4

Niss

2.2£0.5 2.3%£0.6 4.0%1.3
8.5k2.2 9.4%£2.5 14.5%£5.7

- 21.8t12.3 20.0%9.2
42.1+17.4  216%75 175£25

9.3+2.6 12.8+2.3 20.4%3.1 27.6%6.5
30.1+11.8 43.7%13.5 58.8%19.6 75.6+16.9
27.0£5.1 28.8%6.5 29.8%8.4 34.2%2.7
21.5+6.7 28.1%6.9 43.3%11.6 46.1%17.7
2.2+1.1 10.2+4.5 23.0%£8.8 41.4%5.7

Log of CFU

7.42+0.51 8.65+0.64 9.081+0.54

9.4410.27 9.76£0.21 9.76+0.44 9.79%0.34
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Table 14. Sequential changes of fatty acid profiles in cultured P. vulgaris

0 hr 10 hr 12 hr 14 hr 16 hr 18 hr 21hr © 24hr
A 1497 146+13 161%29 243+70 324+28 334xt22 207#56 4.7%1.2
iB 2.2%+0.3 1.5%0 1.8%0.3 3.3%0.8 25.2%2.8 33.0x4.4 54.7%t16.5 67.2%19.7
iv 8.8+£1.3 8.3x0.6 11.2%x1.0 19.5*2.5 76.2+13.6 102%2.8 15727 220+5.9
Vsas - - - 3.2£0.6 56.8+6.5 61.3%14.2 57.7+16.8 53.5%12.3
L 72.0+£9.1 65.8%5.0 71.0%t10.6 117%26 27.2+7.3 9.5%3.1 - -
Y 11.2+2.8 13.3%£3.1 59.2%k12.4 159%33 71.8%£8.9 39.3%8.4 13.3%f1.8 10.7%5.8
(0] 6.8+1.7 130£19 1470192 1088+ 35 54.6+11.8 43.8%£6.1 38.5%£3.0 25.7%5.5
S 9.1+x1.4 8.3%+0.8 12611 - 40.5£8.7 14.0%£1.3 20.3%6.8 22.0t2.2 26.3%4.3
No.7s - 1.8£0.3 12.7%1.5 9.5+2.3 8.8%£3.1 27.2%£5.2 F4.7+9.0 71.5%+9.3
Nz.03 2.7%0.8 3.2+0.8 8. 8%4.1 12.2%2.0 132£13 160+ 21 178+29 191+29
Na.40 - - - 2.2+0.8 40.8+10.1 43.3%8.1 47.2%+11.3 48.7%15.1
Log of CFU 5.39+0.95 7.94%0.44 8.76%0.75 9.17%0.16 9.21:£0.08 9.31£0.06 9.64%0.18

Table 15. Sequential changes of fatty acid profiles in cultured P. miradilis

0 hr 10 hr 12 hr 14 hr 16 hr 18 hr 21hr 24hr
A 1497 171£24 291%44 33318 301+64 207£57 5.8%+2.9 1.8%0.9
iB 2.2%0.3 1.8£0.3 5.3%2.5 14.5%£8.2 26.9%12.0 42.3%15.2 66.6%+18.7 81.6%t23.6
iv 8.811.3 9.9x2.2 22.3+12.3 46.6%23.2 95.3+32.0 19440 304+49 417%128
Vi - - 13.0£5.8 33.9%13.1 33.9%10.0 46.6*9.2 44.5X11.1 39.6%7.2
L 72.0%9.1  77.4%6.2 14043 69.3%£46.5 23.3%20.2 13.8*5.3 - -
0 6.8t1.7 1071%33 209£117 34.3%6.0 9.5+2.3 8.0f1.6 14.6+12.0 28.6*+28.9
S 9.1£1.4 45.9%4.2 102£26 112£63 17.1%£7.4  19.1€7.4 21.1%5.0 19.9%4.0
No.s - 19.5%6.5 6.0£2.6 5.6£3.0 19.4%4.9 32.6%5.5 48.3%12,7 63.61+16.3
Nz.o3 2.7+0.8 5.4x1.1 13.6*12.3 67.5%£35.7 104%53 131£58 175%56 220%30
Na.o - - 13.6£6.0 29.3%13.6 31.5%17.0 38.3%£9.5 39.9+9.5 38.4%7.7
Log of CFU 7.41£0.56 8.49%0.35 9.35%*0.21 9.53+0.06 9.77%X0.09 9.56%0.25 9.82*0.16

Table 16. Sequential changes of fatty acid profiles in cultured P. aeruginosa

0 hr 10 hr 12 hr 14 hr 16 hr 18 hr 21hr 24 hr
A 149+7 1144 99.0+10.9 60.8+20.1 34.9%7.9 23.9%+9.3 3.3f1.4 2.4%0.4
L 72.0£9.1 67.1%4.1 56.1*8.5 37.8+t12.3 4.0+1.7 - - -
S 9.1*+1.4 1.9%0.2 3.6+1.1 5.6+0.6 10.1%*1.6 13.1%£3.9 15.5%+2.9 14.9%2.7

Log of CFU 6.24£0.60 7.30%+0.53 8.25%£0.40 9.24%+0.51 9.38%£0.18 9.53+0.31 9.73%£0.22
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Table 17. Sequential changes of fatty acid profiles in cultured H. in/Tuenzae

0 th‘

10 hr 12 hr 14 hr 16 hr 18 hr 21 hr 24hr
L 72.0%9.1 65.8€12.7 63.8%7.9 30.7%16.9 6.3%3.2 - - -
6] 6.811.7 5.5%0. 5.4%0.8 6.2%£0.8 8.3+0.8 19.0%t8.9 32.6%10.3 34.3%10.1
S 9.1+1.4 7.9%0.: 8.110.9 12.9+4.1 80.1+77.8 80.0%60.1 22.9%13.5 6.5%£4.4
Log of CFU 5.47+0.44 6.85+0.56 7.92%£0.53 8.82+0.49 9.09:+0.24 8.82*0.23 8.7110.37
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Fig. 3. Changes of CFU and fatty acids which showed significant alterations during 24 hr culture (left),
and GLC patterns at 16 hr and 24 hr (right) in S. aureus.
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Fig. 4. Changes of CFU and fatty acids which showed significant alterations during 24 hr culture (left),

and GLC patterns at 16 hr and 24 hr (right) in S. pyogenes.
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Fig. 5. Changes of CFU and fatty acids which showed significant alterations during 24 hr culture (left),
and GLC patterns at 16 hr and 24 hr (right) in E. coli.
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Fig. 6. Changes of CFU and fatty acids which showed significant alterations during 24 hr culture (left),
and GLC patterns at 16 hr and 24 hr (right) in H. influenzae.
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OHEOEAELEL SHORBERES ICEETDIR
2SS, Co0h, REERShILICH- 1
BBEEEDFHEICH S -» TALRL 72 (£ 18) OlED
BearZholfic 3 L0 6 group it 5. 1215 L
T, Via RU Ntz C. freundii D& iR
5h20T, |BELTNVFADOEK®RICBVA., &
group BEMSIEIC4.2.1,4. 2.1, - &LEBEAL T,
HEOHEERLABICRZOEAKEEZ,& group
BlAMEAHLTE>0Eili~, TEHM-16
HOBA2ZOEDO - FEBLT S, COLICLT
BIE, BEERELBHRBROMEAEGEHE,LLI—F
BBEN L LCHOREEBHCITOICLNTES
(%&19).

1970 Ewik & b, WIMBEOFEE K GLC HBA S
NED TR, TORBEMD GLC vy — »EFF L
TD in vitro HEBCORIUEOREEY "0, BRIRH
BABEEM L TRREERYSEO BEZHIcES A
EILE, GLCREL L THRIAKEONFTERH S 1
TE. Bl biihzmd, RREEOKRERBED
DEL BEZIEHBROETH Y, 20K I GLC &

gy

NI NERBETIEEELD L,
DIEEEALLD.

Lo L FRHEEIC GLCOIEE 3 BE 3Dy
BT, b hic Pseudomonas JE D species DEIE
AVARAZHE LMV HRINIBETS
5. zOEAD 1213, BEALOFIMHREI, X
HoDFERIIEESLSTLORETEIRTVI L
KHBH, b5 1o, gilowm< 2 0RKRBEY
Fi2CO, & HO s 5B, —BLULOERRBIcb:
STHEBETY L, Mo TlEBEDLELE-TLE
W, GLC OB N2 F#ET B0 E/CBIE0S T
EbKREUNERATH S, B SYE, Streptococcus
species DEMENBE s N BH A2 E#E GLC 2 L 1
Ny =& BESEEL T 48 M TR L
DDOGLC Ny —vRREBZEEEE LTV . Ch
BHORBEREEY, —HaTicrr 3 BIMEDE
WERMLTW2E—RTH LM, EHEOERMS
B O sl EIEE L cBBoESick > TGLC
Ny —UBKRELEETEENBROEREEL S
N5, Bhic 4 HEoREBIc b o BB ET LT,

COEEIIM Y%

Table 18. Specified fatty acids in metabolites of cultured aerobes
(0o indicates fatty acids which showed significant alterations during 24 hr culture.)

s/ /% g/ / $/8/3
SRS YA ST [N NSO [ S o [ )[R
S. aureus o|lojo|o o0 0 o
S. epidermidis o|o 0 ' o]
S. pyogenes o) o o [¢)
S. agalactiae o
S. pneumoniae
E. coli o) oo o} 0
S. typhimurium c|o e} ol o e}
C. freundii o| o o o|lojo e}
K. oxytoca o] o] o}
K. pneumoniae ¢} e} o} o]
E. cloacae e} o e} ojo| O
S. marcescens oo e} o
P. vulgaris 0 oo e} oflo]o 0 0 o| o
P. mirabilis [} o|o o} o 0 o} o} oo
P. aeruginosa o 0 ¢}
H. influenzae e} o} o
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HEIEICEELRIUEH > LD LAV TH L DI
HHELTLES CEAFHREND, o0, HMEED
DHBED—ERDLHD GLC Yy — v CIHA2BISEST 3
&, PR S. pyogenes ® C. freundii Dz,
marker &5 AR A T AR VT REEETH 2
EELOLNDE. LOLRITD LS in vivo THD
B L EERMELE, KD growth curve ot 341
BHNAHTH B iz, Hoaod, Mg« BEICHE
#5 AIMERPRMREL ez h S ODRBEMORA.,
BICIERIC L 2N CHERRESKAES DT,
BRI L DO GLC /vy —~ v Ol Ic i3 AR L
A%, - THEER~AD GLC OIEE & LT, i

R¥lk % direct 12 GLC M Licbom v 9 — v i |,
BT ah, BRRELE~EOLBT THEREL, £
O GLC /vy — v DEBINELERET 20 0 ZHR
—&AS.
SEHOFEDERKE L, GLC KRB L ERTO
HSURERED~PEBEBEILERLTVEDS
557, LEOEEHEAD2EBOOT 7o ~F0H
HD35, RFE L IBRERIECENERT L%
MEE-TWV3. 1L CDEa, FlATREYERS
15 EMRETRERENOESIER L 2B dRER
BEB->THEBICES O DTHY, FREH»SET
LRI IENBOE C 08 %13 10 HEDIHKI

Table 19. Scoring system for the purpose of identification of aerobes.
(0 indicates fatty acids which showed significant alterations during 24 hr culture.)

ey,

4 1 | codeNo.
S. aureus © 0 0109 ° © O © 740324
7 4 0 3 2 4
S. epidermidis — - — - °— 140104
S. pyogenes 5 5 ° : © (; © 7 5 005240
S. agalactiae 5 5 5 2 ) 5 000200
S. pneumoniae 3 5 5 5 5 5 000000
E. coli o - > = 2 O 5 - 406500
S. typhimurium -2 (g - Cz) 2 ° - © - 602310
. 0 © 6 o 0 O [8) o)
C. freundii P 5 > 7 1 1 602711
K. oxytoca 2 I 5 (2) © 5 ° R 5 402500
K. pneumoniae © , © 1 5 T © CZJ © 1 440124
¢ o © o) o oo
E. cloacae " 5 5 3 3 i 460134
o 6 0
S. marcescens ] °L° . 0 I T 5 160110
P. vulgalis e : °19 5 ° 2 o c © CZ) © : 553526
o [5) 0| 8 o) 0 [} o EE
P. mirabilis : = z 3 : 5 p 552526
P. aeruginosa O 3 2 2 T © 0 5 402100
. O (0] Q
H. influenzae 5 5 5 : 5 5 002500
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AT 354, FIZRE coi ZETHEVSEE RS
At ofBiid, 2 F L —F LEMEY —RELD,
2420y v ITORSINRELNLE. COTF N
T —FETHEY) —RESTHEIIRELEY, HEo
FETORLIGED, — Bz Frz—FVEERERSE
Z®RMEICLD, DiTcEEEE5Z 21EED VFARE
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T, SEHEERRRE LTHVWE I5ELUAD
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Abstract

Since the main end products of aerobes are COz and H20, it is difficult to identify aerobes
with their metabolites at one selected time. In the present study, the sequential changes of fatty
acid profiles in metabolites of cultured 16 aerobes were successively determined by gas-liquid
chromatography from 0 to 24 hrs. after the inoculation.

The following results were obtained;

1. In all aerobes examined, except for S. pneumoniae, some fatty acids significantly changed
with the passage of time and the changing patterns of these fatty acids were important for
identification of aerobes. S. pneumoniae showed no significant change in fatty acid profiles
during the culture

7. Some aerobes had several marker fatty acids; for example, No.60 (designated in the text)
for S. pyogenes, Va.31 & Na.24 for C. freundii, and V3.a4 & N3.ao0 for P. vulgaris or P. mirabilis.

3. The other aerobes had no characteristic marker of fatty acids. But, introduction of
scoring system for evaluating changing patterns of fatty acid concentrations permitted a rela-
tively simple identification for each species of aerobes.




