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Bacillus &% & U Clostridium BOME X, 7 04EER IV THRBRMBBMOMIAL, £iL¥
(9, TRESHICE 5K BESFREHRT 5 (1, 2. 8. 4)c ZOFMFREFEOMRMEIL, K
CRHEORBOEBMREOBEMA ML T, BERR L ERGE, BREK S Mz {boEEEicE s
ZEELGMBELEIOND, 2021013, BUFREREFERIIHEL ZHRZELETsL L
FHE%Z 53, FRERICED L 2R, BREZVLEME, 2hodEstTICESLME
(5. 6) bLUZ2DELHANKBIIBEIRIAZLICLIVARERZAEBRCERLLELNS, ¥
Fafg i A Mfarh ¢, FBERMBEOBEK > ik s h, FROBEMORE I L ELE XS HE
BREN, FREFOBERS, ZOMEE, 5122 50%EECRICHE L 2SR T » 21E7F
HTHZEHFPRENA(T, 8, 9, 10), FHaREMan FE T TEEE S 1213, FlaBEFD
cortex ¥ & U spore coat DHIEKAERLZ DERK D E L2 T I/ B, 73I/PWHAEFNTWVWE, &
FFEIZE W T, Bacillus subtilis NRRL B 558% 13 U % < OFFaEAE O FERH R aD
B EME Sy, <122 Y e F) YRISEBUEMEICEE L OREL KA, SBBEEHT I /By
TV EROHETEE DI, ERBMEMTIREEAEMSONA TV ARV RIK Y BILAYOEREL FTH
L7, ‘

Z
818 MEFERERMIROEEEMY Glucosamine EHMEDEES L URE

B. subtilis NRRL B 5585 RUMa s & U EAMIAE 2 1510% V) 7 0 VEEER(TCA)
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THIBL, WM ET I VBT 74— CHBGH L 2R E Fig. 1, Table 11IR¥, RER
MfaClx, BT I /8 Asparatic acid WERTL THL TN A3MEOHREFAD LN, ZDE T %
BAKSHR L 7354, W&, Glucosamine ¥ XU Alanine MDA AR 5z, —F, FHIHRHA
M BV T, FARCEBEMEDBERIBO SN, RKEZ2BINKIEL BRI LT I/ ET
FIAF—OBEBMBIIFRTH D, REEOWE (Gompound 1, ) 2AUEMT I/ BHP L
D DEFAEL, Glucosamine Bl RERML B LBAFEIZRD L Tk, 22T, $TRER
HHRD Glucosamine EHEME LR L 2, T4 b5, TCAMEHE%Z Amberlite CG120 Column
Chromatography, Sephadex G-25 Gel Filtration, Paper Electrophoresis {2k 9 B—iZ#§
B 72, OHKICEME N/ Glucosamine ZAME ICKRBORBAELEEL 4R % Fig. 21RL
2H, ThE5DRBEIZEVEBL /- Spot WRAEIZI—FHLA-ZEA5, BITHEE LT Glucosamine
DUy BELURMOIEBIME» S 254 )Ty W74 FTHSZ L HPHIAL 72, Glucosamine
*EU5E% 4 N—Hel, 105C, 4BERIMNAGREL 72 46F, JBETLMEMEL LT Ribitol 2882 &,
BFLUIFBITTHE ) V8 Glucosamine=1 ! 2 { | DENLTHET LI EHFHBELLZE L5,
Glucosamine, ') Y&, Ribitol DS L 2R v—F%bb Teichoic Acid ﬁ%gf“f) 5Z&H
HEAL 720

AMEOEEREBFHOERE R L 28R (Fig. 8), ¥ELMIETIE Glucosamine BT 1.0
pmole/ 1.5g dry weight f#7E3 % #°, #iLMA 5 FRAFBIC A1 THEICED L, BN
HERa % BiFrtk TCA L 24T % - 2B E L RAROBEE R L L2 L 25, TCAREMENEIZL S

Vegetative Celd Sporulating Cell Table L Amino Acid Composition of Fract R-1
Obtained from Vegetative Cells and
Sporulating Cells
Asp Asp Component Vegetative Cell Sporulating cell
Compound | 0o * 3. 500% ***
20 LY 20 0 Compound [I trace 0.345
After hydrolysis After hydrolysis Asp trace 0.020
Thr trace . 0. 030
Ser trace 0. 024
Glu trace 0.106
g A Ase Gly trace 0. 036
20 40 20 0 Ala 0.113 0. 024
Elution time ( min ) Elution tine { min ) Dap* 0 0. 040
Mur** 0 0.194
Fig. 1. Comparison of Ninhydrin Positive GleN*** 0.677 0.174
Materials in TCA Extract of Vegetat-
* Dap; Diaminopimelic acid

ive and Sporulating Cells by Amino
* % Mur ; Muramic acid

% % % GlecN ; Glucosamine
% % % % uzmole/ g cells dry weight

Acid Analyzer.
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BRETRZ2WERDLNE, 4H, FWHIZ, RBERMAED Cell Wall IZRET A LA HBAL /=,
BB, ) UEE, KEE, TI/ ESOWEELENET I, 5, MifaELEBT AHEL
EOER, R, BEESCEELTwaL 0 LHEREINS,

-[00000O0

0 2 4
Mobility ( cm )
* Detecting reagents used were as follows:
A; Ninhydrin reagent
B; Diphenylamine aniline reagent
C; AgNOj;reagent
D; Potassium periodate reagent
E; Hanes’s reagent
F; Sharon & Seifter’s reagent
Experimental condition :
Voltage; 50 V/cm, Time ; 2 hrs,
Buffer; Pyridine-Acetate-Water(1:10: 89)
Paper; Toyo No. 51

Fig. 2. Paper Electrophoresis of Glucosamine-Containing Material

g

g
DPA ( wg/ 100 mg cells ) (-8)

Glucosamine { gmo1/1.5 g cells ) FOH)

r

4 8 12 16 20
Time ( hr )

Fig.3. Level of Glucosamine-Containing Materials during Growth and Sporulation
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8 2FE MERFREREMIEO TCA SAME S OEBE= v NV ¥ CBEME O F7E & i
IZ220n7T )

fiZED Fig. 1, Table 11Z/RLA & D12, Compound I, [IIRBEMIIZIITFELT, Fhak
ARSI EE T 2METH Y, Compound T 122wV Tit Cysteic Acid THAZ L 2T TIZHHS »
iZL7=DT, Compound [MIZDWTHETZINZ 7=, FRaEREBOMIaD T CA itk % Amberlite
CG120 Column Chromatography, Eti07k7rf%, Amberlite CG120 Column Chromatography,
BLUEMRLE L 5 Z %\, 2, 4-Dinitrophenyl 38 {2 Ecteola Cellulose Column
Chromatography, Sephadex G-10 Gel Filtration TH—IZfE2 L, #5209-210 C » & + &€&
§HIR¥E & DNP- Compound 1 %2%87-, COWE %, BB LU~/ Y- u< F(Table 2), o
BERkE (Fig. 4), S#E®AKs7u~ 7774 — (Fig. 5) X 0BRME & i L 2 &R,
Taurine tH#EE SN/,

ONP-Compound 11

@)
DNP-Taurine O (+)

0 2 4 6
Mobility ( cm )
Experimental Condition :
Voltage ; 10 v/cm
Time ; 2.5 hrs
Buffer ; 0.15M Acetate Buffer ( pH 5.0 )
Paper ; Toyo No. 51

Fig.5. Identification of DNP-Compound II by Paper Electrophoresis

Table 2. Rf Values of DNP-Compound II and o ther DNP-Deri vatives
in Thin Layer and Paper Chromatography

System A System B
DNP-Compound 1[I 0.60 0.55
DHP-Taurine 0.60 0.55°
DNP-Compound [ 0.31 0.53
DNP-Cysteic Acid 0.81 0.53
DNP-Phasphorylserine 0.72 0.57
DNP-Homocysteic Acid 0.55 0.90

System A : Thin Layer Chromatography

Gel ; Silicagel 60 PF254

Solvent ; 1.5 M Levy's Phosphate Buffer
System B : Paper Chromatography

Paper ; Toyo No.51

Solvent ; n-BuOH-AcOH-HZQ( 4:1:5)
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DNP-Cysteic Acid
£ DNP-homocysteic DNP-Taurine
o Acid
8
<<
0 4 8 12 16
Time ( min )
§ DNP-Compound 11
[=]
8
L4
0 4 8 12 16

Time ( min )

Fig.4. Identification of DNP-Compound II by High
Pressure Liquid Chromatography

¥ 3E MERGFRERAMIEO TCA fEWHE 7 O#EEME= v v F) ¥ RICEBIEE O #5712
£ BIBIEIRE

5 2ET Compound II |+ Taurine ¢HEE S NAAMEWMIIHVTIET I/ AR VEBOREIL
BOTENTHY, POZWSOELERECE I IBFEDHEIIBD T+ THI2IEh5,
B thic L 2EERE®#K A7, DNP-Compound Il 135 2 ZDAED 5 DNP-Taurine & 3H
LA TH 5 ) LHEESN S, Table 312, DNP-Taurine ¢, Table 4 !ZDNP-Compound
II ® PNR (200MHz, CDOD) O#EERL 25", MHFEX—HL ZHh -7, LA LAEAS, Table
4 5 U decoupling B,/ 5, DNP- Compound II 121, Pyridine #&% N5 Z & AfeE & h
7o ¥ 7=, DNP-Compound IT DFHESMRINA RS FIUA 5, NH- OIRYL (3300em™') 2SEHS 202 2
L kv, B Pyridine IINH ZEHIZIIEALTWEWEEZ 50, DNP-Compound II 13 DNP-
Taurine @ Pyridine & #HESI N2, ZDHEIZ FD- Mass Spectrum DOillE (Fig. 6) 12 &
DR N, T2bb, m/e37l (5.9%) IZM* + 1 Dionk, m/e29212100%¢ fragment ion
peak #5 %2 3, m/e292(% DNP-Taurine (m/e =291)+ 1M 4 * ~ T, m/e(371—292) =793
Pyridine %+ (CsHsN) 124+ 5, LIk Z & A5, DNP-Compound II | DNP- Taurine-
Pyridine LR & N7z, HILD Taurine #* 5 5Ii® DNP-Taurine- Pyridine 5% A L, DNP-
Compound II & iE@ (mixed m. p. 209-210 C), IR (Fig. 7), PMR (Table 5), FD- Mass,
UV (Fig. 8) OHEOKER, WHEIEFEEII—HL %o Pyridine &, FHHENOBRTHEMAL T HD
A2 EhsaEEEIE +55H 52, Taurine DEKATOFERRNIINNAT, 20OEEL»S, &
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Table 3. Proton Magnetic Resonance Data on DNP-Taurine

Chemical shift Proton Signal  Coupling constant

(d) J (Hz)
3.28 2 H t* 6.4
3.90 2H t 6.4
7.22 1H d * 8.0
8.28 1H d,d 8.0, 2.4
8.91 1H d 2.4

*, triplet, **; doublet. ( €0400, 200 MHz )

Table 4. Proton Magnetic Resonance Data on DNP-Copmound II

Chemical shift Proton Signal Coupling constant

(4) J(Hz)
3.18 2H t e 6.4
3.90 2H t 6.4
7.24 1H de 8.0
8.16 2 H t 5.6
8.35 1H d.d 8.0, 2.4
8.7 1H t 5.6
8.92 2 H d 5.6
9.08 1H d 2.4
*; triplet, **; doublet. ( D300, 200 MHz )

Table 5. Proton Magnetic Resonance Data on DNP-Taurine-
Pyridine Salt

Chemical shift Proton Signal Coupling tonstant

J) J (Hz)
3.17 2 H t* 6.4
3.87 2 H t 6.4
7.24 1H d ** 8.0
8.15 2 H t 5.6
8.34 1H d,d 8.0, 2.4
8.71 1H t 5.6
8.92 2H d 5.6
9.08 1 H d 2.4
*. triplet, **; doublet. (CDSOD. 200 MMz )



Fig.6. MASS SPECTRLM (68 TO 39)
SAMPLE. DNP-COMPOUND [l (TAURINE LIKE SUBSTANCE)
NOTE. 1980. 2. 8. FD MODE
BASE PEAK. M/E 292.8INT. 57.1

1008

] 50.00
1 DNP-COMPOUND 11
z ]
108 158 200 b ] ] St
%
1088 59.08
>
=
é [ ] ' ; yrerpr—r S { o8
E ] <8 «s8 ] s58 588,
MASS SPECTRUM: (9% TO 118)
SAMPLE. DNP- TAURINE
NOTE. 1980. 2. 8. FD MOOE
BASE PEAK: M/E 292.8 INT. 69.4
x
1000 5.08
DNP-TALRINE-PYRIDINE-SALT
E
3
13
= .| Y T v T Y r 2 T A Y v v T T Y T f T Y T T v '3-“
108 158 200 258 308 S
X
1008 S .08
>
]
g
3
= e . T M T M T -L- 1 L
£ ] <o ] 500 S50 600.£
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N - a /] 100

'\ ’”~ ’.\
By ! | seme=" v :
O\ . ;
80 y : 80
60 60
= 1 DNP-Compound II
40 40
==== ¢ DNP-Taurine-Pyridine-Salt
20 1 20
o} . . . . . o
4000 3000 2000 1600 1200 800 400

WAVE NUMBER ( cm~

Fig.7. Infrared Spectrum of DNP-Compound II and DNP-Taurine-Pyridine-Salt

% ONP-Compound 11

=== . DNP-Taurine-Pyridine-Salt

250 300 350 40 450

Fig. 8. Ultraviolet Spectrum of DNP-Compound II and DNP-Taurine-Pyridine-
Salt

AX Y ZDEDEDOEERRT 52 & FRE N, FHaEHD Dipicolinic Acid( 2 , 6, -
dicarboxylic pyridine) DEERRIZZALAOMELEZ SN 5,
% 4% Taurine DEREDOME & WAAN Taurine & &

FhaBsUAHIash 12 Taurine OIFEIAS A& % 572D T, Taurine OERHA O~ k757
A -k PERBEEMETL 22, AR AR, A0, a0 TCA fHE % Amberlite
CG120 column (ZIRF X 44 A Y ARTIEM L @5 % DNPILT 228, BLUSEEEs O~
b7 T TA - DMERME Zorbax A T 4, EHHE 0.01 MEEEES LU 7 AR, BESOC, EH
1 Okg/em i@ TH 5 Z & HHBAL /2, AEIZE Y, S0pmole 75 1,000pmole DEFE CELED M
B (Fig. 9) #E&5h, FINEYLEE (Table 6) 12X 08— %DEUNELFE L 72 & » 5
Taurine MDERKEEL L THVWSL NS Z &L 2R L 72, AEBREIBHPOMIAD, HHREKI0mg & /-
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D D Taurine BEZBIE L &R, REIMAZTIE 7. 2nmole, FFafRUUi#E T334, Snmole 177E
L, #3572 HFHEL BV LS L B 5 72,

o

~H»

Peak Height ( cm )

~N

0 50 100 150 200
DNP-Taurine ( pmol )

Fig. 9. Calibration Curve of DNP-Taurine

Table 6. Recovery of Taurine in TCA Extract

Taurine Added Found Recovered Taurine Recovery
( nmol ) ( nmol ) ( nmol ) (%)
0 30.4 - -
25 52.0 21.6 86.4
50 75.5 45.1 90.2
100 122.4 92.0 92.0
150 171.9 141.5 94.3
200 218.0 187.6 93.8

53 FREMEMILIZ £ % Taurine DEEE

FHIHRHBIZ £1F 5 Taurine OEE) % Fig. 10127/ L 72, #ilaN Taurine &8I, BIEXZERID HIR,

Dipicolinic Acid &AmRKIZHIT L CHIHRAMEA» SHEMLIZ LD, Dipiycolinic Acid £AK®D
RLERGEHCRS - L, UBFRoOBKBII DN T L, &, TCAMBEIC L ZM#EE,
ek % 6 N—HCI, 106 C, 16BFRIMAKSMERICER L 28HEIIITE A &—HL 2o AR
HAD Taurine SED2E L WINZD W T, ¥S-Methionine, *S-Cysteine, *S-SO0/2 2 HW T
L2227 2 E RO MR 2 R T EBEGEHIIF S h, T L A*S-Taurine # V2 KREHC &
D, ZORANEL W Taurine ;N RREDHRIZL 2D EEZ SN (Fig. 1), 512, Fhao
REIZONTREAT 2HAE LT, ;WYRAE N/ Taurine »5, —#RE@#ah, —H% D F £
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Table 7. Contents of Taurine in Cells at Various Stages

Cell Phase Content*
I. Vegetative Cell 1.2
Sporulating Cell 345
Spore 0
I1. Spore
Supernatant Fraction 0
Precipitate Fraction 0

* : nmol/ 100 mg cells.

1 : Cells were extracted with 10% TCA.

11 : Spores were disrupted with Cell Mill and
were centrifuged at 10,000 rpm for 15 min
to separate the “"Supernatant" and the
"Precipitate Fraction”.

Then the "Precipitate Fraction" was
hydrolyzed by 6N-HC1 at 105 C for 16 hrs.

4p 8
3 ?
2F »
v
%]
¥
1 b3
4 2
1.8
) G f
=] o ~—
: 2 ¢
8 5 5
e =

0% . A — n it O 0

0 4 8 12 16 20 24

Time ( hr )

Fig.10. Appearance of Taurine during Growth and Sporulation

5.0
g

F.o
“ 2.0 _
. 2 i
.8 4
: 1.0 8‘
» —
s 2 -
>

2 0s &
H X
s s
& ]
1 ]

[

2 4 ] 8 12 8 24

Incubation period { nr )

Fig.11. Incorporation of *S-Taurine into Cells of B. subtilis NRRL B 558 at Various Stages
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100 1500
—
[y 1000
<
>
:
g 500
S0 °
.., :
3
e L]
<
4
i OD’!'-hurinQ
\\D—" D - 0 0.2 0.4 0.6 0.8 1.0
= -G RY value
0 Thin Layer Chromatography :
0 3 6 9 12 15 Gel; Silicagel 60 PF

254
Incubation period after medium ‘exchange ( hr ) Solvent; 1.5 N Levy's phosphate buffer
=(-: radioactivity of culture medium
-{3= radioactivity of cell .

« : 1 indicates the ratio to the radioactivity Culture Medium

of whole culture.

Fig.13. Analysis of **S-Compounds in

Fig.12. Release of **S-labeled Compound into
Cultures Medium at Late Sporulation
Stages of B. subtilis NRRL B 558

NS 52 EAHBE L2, T b, ®S-Taurine EE M THFAHKIAE THREL 2 HEk L%
B, BEIT U CHEE L 27S-Taurine IFEHEMO KRB LF I, HEhdB%o, Hibs JOR
RID=S LA O D& RETL 28R, Fig. 12I08T & )12, SR IIESrhA BT 52 & A
oA EL o, LALANS, P O"S L EWE ML 4R, Fig 18IIRT & D12,
DNP-Taurine LMzt 2% 0 OBSHEMEIZD SN A LA 5—HRBFshTVWI L0 LHFER
ni-,
& EC
Bacillus subtilis NRRL BS58E D ¥#E M & & Ui iiiiiar TCA siEk@Es» D=~ F
Y Y RISEBMEWEIIoWT, 20RES L UERE, SS5IEFBRIIETIHEBIIOVTHRETL 2,
1. % RIHANELZ, Glucosamine, ') ¥ E, Ribitol » 5 & 1 5 Teichoic Acid MMEDTF
FEEWS I 720 KB ZFRERIZIEL CED L, FRPIZE@Bosnithr o7,
2. FRaaAfmiat 12, Taurine PTEAET A Z L 2L 2L 7
3. Taurine OERTA/ U~ 7774 —IC k2 EREEHLL, EIFRTOEREZMEL, ¥
BRI £ < AL, FHRPIZEFEELZVWILEHL2ITL 7
4. Taurine |3, FHIHAMICERD AT N, FHEMEMICE, —HBR#SNT, HbpERET
HZEHBHASHEE ST, '
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B FR A HIMA ) TCA sIAME SR = v & KV VIBEME I >WTRETL, & < ICHak
BMEIZEW T CNETRBENTE L5280 ) v HPMfARNICEBE 32 L 2R A L, D0 T,
) Y OEERE IOV T 7T 4 I ZERBEEAMIIL, FIERIIEIZ V) Y OBREEL M
L2 2, FhaEmaEHicy ) v EXMINICERBE T D FRER YT T ¥ 5 & Mlai sy
SHttsh < a2 RHUL, ¥S-47 v BvERD S5 FRBEACGREIICHast KB s h
BIZEEHLMPIIL ., THHDOMRBIIFRERBEOEERIZE I 2HMBIEERT I/ BOBEL 5
CICTERZERT 2 LCBHS AR E w2, BEEL 25T 210l T 3MELHEL 72,
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