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VEEOBRES L LCOERER L XY, BYOHRBAGCERET L /Bl 7T FERERL
THEL, KRS EEYE L L COERBTEINT NS, ARRBECEWTR A~75=
NFovy ELTHEEL, BREAKBCKELTEF oy v ORRILEYED 2 BE BV, %Y
TRERKNVEYTHDLIZFUYORBYE L LTmbh, RHEEE LB CEER7 I/ BTH5.
Lil, Fhichhdbbd, -7 5=vicBLEMARERE - & b T W OpER
ThHoko TNIR 0—7 I/ BCEROAEERBEIHBIN T AANWI LD —D2DERTHZ, L&
TARRTR, £FT -7 53 =V DERBEDRIALLEF LA T4bd, BIRWTR 0-7 ¥/ E
—ROKBNTEEBEEHELL, XFENLWICABEAYHD, o -7 3/ BOEYR COHGH DK
b E 67, BRILSS JXCRBEFNFEE LTRAVWED Z EXELMC L. DWTEIET
R, BEYICHEITD -7 T =V DEREABIREFRRZ L b, FERERICALTA-7 5
=y ORBMCRHE ML . IOBETIRROBR LTV, EHEELELMCTI T ik
B —77=vORBBRICOWTRENAME TR 70
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. =T 5=VvDEREDE

. BA=7S5S=—oDHkfmE

HSNOHEMT V=T RREEREA A VEETCTT 2/ —VERIBLTA Y F T =/ — ke
k73 Berthelot Fisai@mbhTtinsd (Fig - 1),

NH; +0C1™ — NH,C1l. + OH
Chloramine

NH,C1 + O—-O'——> 0 =©= N—Cl + 2H"

Quinonechloramine
. indophenol

Figure 1. Berthelot's reaction



Z® indophenol 2630 NMICEIBAY FOBEELEL, RPMNID7 v E=FOFEBICH
WHERTWER, 7/ EBRE - BUTHILELIORT VWL, LALSEEOREAERL,
FEREYES T LD, f-757=2vF o7 Y/ BMFHICISRIGL, Fig -2 R
TESCEABOROERT I ENEALN IR oo TTTT 2/ —NEREEZRBEOBENEROE
ﬁ%ﬁ@%ﬁ%ﬁkw,7y%:7®i%kmm%os—1%%E;U%wﬁ%7z/—wa75
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Figure 2. Spectra of reaction mixture with f-alanine and
r—aminobutyrate. Reaction mixture contained 0.5#mole
of fA-alanine and r—aminobutyrate (04ml), 6% phenol, 025N
NaOH (0.2ml1), and 75% NaCl10 (0.4ml), and were allowed to
react at 100 C for 10min.

FUSEE & RIGHEOBEY Fig. —31RLAR, BRIV 100°C, 10HHOKISHK 2 ES
WERER SRR TD 10 ARIDMAC X DER LA BRAK S BHRETHD, kT2 — 0
RER 178, REEFEEEEKR 10 ARETH %o AFHEC LD A-77=131~100u8
¥C Beer OIS L, EENTHETHD LN LAE, ¥4k a-7 I /BT o —f1c7
JEEREOLOPNRE o RERT, B2@EBLUOFEIHRT LY HRE LAk o7 (Table—1),

T TIDOHBEERBEYRAVWT A-TI=vBIXr—7 3/ BBYERT2EEBHREEE OflE
%ﬁ&t%%,ﬁﬁﬁﬁ<,it@@ﬁ&m;émiﬁ&%ﬁmi<“ﬁbtoFig—4m?—7
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(s E=W sl

Table 1

Sensitivities of amino acids, amines and ammonium salts.

Molecular extinction coefficients (£¢30) were calculated from the optical densities with sample solutions
(0.2ml; total volume 1.8 ml) containing 1 to 200 #g of the test compounds.

mostly the means of values at 2 to 3 sample concentrations.

The indicated values are
A negative value was a value smaller than

about 0.1.
Compound €e30 (X 1073) Compound Ee30 (X 107%)
w-Amino acids Amines
p-Alanine 3.50 Methylamine? 3.08
y-Aminobutyric acid 5.38 Dimethylamine! neg.
d-Aminovaleric acid 4.75 Trimethylamine®’ neg.
&-Aminocaproic acid 5.62 Ethylamine 2.78
B-Aminoisobutyric acid 2.26 Ethylenediamine 3.61
a, B-Diaminopropionic acid neg. Ethanolamine 3.71
a, y-Diaminobutyric acid 2.15 Palmitylamine® 0.17
a-Hydroxy-y-aminobutyric acid 1.53 Tyramine” 2.35
Taurine 4.97 Tryptamine® 0.59
2-Aminoethylphosphonic acid 4.62 Histamine? 4.38
a-Amino acids Cadaverine®? 7.72
Glycine 0.45 Aniline 4.98
a-Alanine neg. o-PhenylencdiamineZ’ neg.
Leucine neg. o-Aminobenzoic acid® 1.21
a-Aminobutyric acid neg. p-Methylaminophenol 35.5
Phenylalanine neg. B-Naphthylamine 0.19
Tyrosine neg. Ammonium salts
Aspartic acid neg. Ammonium chloride 5.91
Asparagine neg. Ammonium nitrate 5.65
Glutamic acid neg. Ammonium sulfate 11.69
Glutamine neg. Ammonium acetate 5.18
Serine 0.14 Ammonium oxalate 11.69
Cysteine neg. Micellaneous
Methionine neg. Hydroxylamine 1.97
Tryptophan neg. Urea neg.
Histidine? 0.36 Thiourea 0.17
Ornithine® 2.83 Phenylhydrazine?»® 0.47
Lysine® 3.16 Guanidine® neg.
Citrulline neg. Glucosamine® neg.
Arginine neg. Deoxystreptamine? neg.
a, ¢-Diaminopimelic acid 0.91 Streptidine®: » 0.48
Adenine neg.
Cytosine neg.

1) Hydrochloride was used.

2) Brownish color developed,

3) Sulfate was used.
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Figure 3. Effect of reaction temperature and

time on color intensity.
Reaction mixtures (1.7 ml) containing 50 or

100 ug pB-alanine (0.3 ml), the phenol reagent
(1.0ml) and the NaClO reagent (0.4ml) were
heated at different temperatures for different
periods. Absorbances were read after adding
60% ethanol (1.0 ml).
— @ — Heated for 5 min,
—QO— Heated for 10 min,
— X — Heated for 15 min.
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Figure 6. Chromatographic separation of neutral and acidic
amino acids on a Aminex column(9x580mm)

acidic and neutral

amino acids
plus
w-amino acids

org

Ninhydrini}
Phenol
10x.6cm  Colimn§20 — 0 ey,
428 02N pHB3.28 0.35N N4 clrate
“‘wp“awmn e . G as e

Figure 7. Chromatographic separation of basic amino
acids on a Aminex column(6x100mm)
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Figure 8.

A typical thin-layer chromatogram of w-amino acids
as revealed by the phenol-NaCl() reagent

Developing solvent: n-butanol-acetic acid-water (4:1:2)
(e-AC~=e-aminocaproic acid; 4-AV = d.aminovaleric
acid; 8- AIB= B-aminoisobutyric acid; v-AB=r-amino
butyric acid; v-AHB= v-amino-a-hydroxybutyric acid)

Table 2. Sensitivities of amino acids, amines and ammonium salts to phenol-NaClO
reagent in thin-layer chromatography

Componnts | St athg) | Gompounas | St g
w-Amino Acids Tryptophan® - - - x
B-Alanine + o+ 4+ Histidine HCl® - - 4+ +
«v-Aminobutyric + 4+ 4+ 4 Ornithine HCI - 4+ 4+
d-Aminovaleric + + 4+ o+ Lysine HCI T T =
s-Aminocaproic + 4+ 4+ 4+ Citrulline - - = =
B-Aminoisobutyric - 4+ o+ 4+ Arginine®’ - 4+ 4+ o+
a, e-Diaminopimelic —- = = 4 Amines
a, B-Diaminopropionic| — — + Methylamine HCI - - 4+ 4
a, v-Diaminobutyric -+ 4+ 4+ Dimethylamine HCI e e
a-Hydroxy-v-amino- -+ o+ o+ Trimethylamine HCI - - = =

butyric Ethylamine HCI - - 4 4
Taurine * 4+ 4 | Ethylenediamie 2HCI | — - — +
Ciliatine tor o+t Tyramine HCI® + 4+ 4+ 4
a-Aminoe Acids Tryptamine HCI® - 4+ 1 1
Glycine * + + 4 | Histamine HCI — o+ o+
a-Al:jmine - - - f Cadaverine 2HCI + o+ o+ o+
Leucu.xe - - - = Monobenzoyl- - 4+ 3
a-Aminobutyric® - - - + cadaverine HCI
Phenylalanine®’ — = =+ || Ammonium Salts
Tyrosine® - - - 4+ Ammonium sulfate - - 4+ o+
Aspartic acid®’ - - -+ Ammonium oxalate - - 4+ o+
Asparagine - - = 4+ Micellaneous
Glutamic acid - - - = Urea - - = +
Glutamine - - - + Adenine®’ - - 4+ o+
Serine —_ = - 4+
Cysteine - - - =

@ Brownish color developed.
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Uracil
Dih;drouracil L-Aspartate
Uretdopropionate(UPA) J L—-Aspartate a—decarboxylase
UPAase F—-Alanine (ALD)
J A—Ala TA
#//////fMaloniosemialdehyde(MSA)
Acetyl Co-A Maloiate ;t;}droxypropionate

(HPA)
Figure 9 Metabolic pathway of F-alanine

—FABHRTR -T2y T/ EEBER (F—Ala TA) WX~ ovBeI7VTE F (
MSA) AL, Ric 2, 3 DR LFET TCA BRicHINB EEZ BRT WG LL A~FF
= A FRICLIMAERD L, BETIBREOENHERRLALAATHY, H—DEHHT
NOOEMAEBCHEBBLIONSRBETHD. LT THREHZ AV, KILHRTOD F~77=vD
HRZBFL, IDIcBETIRELRBEL, EHE2H LML T, RIFBBETROMICERLL,

HRER -7 5= vOERENE, R<ELTS E coli B, +BIVNHEAELL Bo-
cillus cereus D2EBEBNWIE, ¥T -7 I7=vOERRCONWTHRIT LAERER. WMLy v
4 Frobtr—+ (UPAase) L7237 ¥ vl o —BiRERE (AAD) #5b, £&ERMC
LHRBREOERO BRI ENED bR (Table—3), ‘

DO LBEERENS F—F 7= DB EEBRECIVSBLEBML TN DT L 2R LTV,
¥k - Ala TA EHLEDOLR, ERLE F-F 5=V iR 7/ EEBRYZIFTREINE LE
ZbNBo —F Bcereus Hihtt F-7 5 =¥ LRSS, BHFEROT I/ BB LURREND
LD ADAEERIL, Table—4 DR ¥BA, 72/&@%?@79vv«@&0ﬂ3ﬂ%
2B REL, MATTARTXVEE, v v, PI=VOIEFETH-/oe Ty /—NF LA
DL UABHEDON, TREBEARMEEE -7 7= vORIGCIDREN X OHICENT S /



Table 3. Change of aspartate a—decarboxylase, ureidopro-
pionase and f-alanine transaminase activities on
tne various pH of culture medium in B, cereus K—47

pH AAD UPAase p—Ala TA -
(6—-Ala. formed) (NH; formed) (MSA formed)
(nmol/mg protein) ‘ (cpm,/mg protein)
5 24.4 1.2 552
6 76.5 9.8 1256
7 31.2 31.5 1960
8 5.7 28.3 2284

AAD: L—-Aspartate a—-decarboxylase.
UPAase: Ureidopropionase.
f—~Ala TA:. f—Alanine transaminase.
MSA: Malonicsemialdehyde.

Table 4. Distribution of !4C among amino acids and organic
acids of the acid extract of A-alanine—grown B cereus K—47
incubated with f—Alanine—2-14C, Incubation mixture contained
suci A—alanine—14C, 50umoles K—phosphate buffer, and rest—
ing cells (15mg dry weight) Incubation was carried out
atl 300C for 10minutes,

Amino acid c¢pm(X104)

Asp 19.78 Ala 10.35 Ile 1.72
Ser 11.17 Val 1.41 EtOH(NH,) 1.34
Thr 6.69 Met 0.96 f—Ala 14.60
Glu 836  'Leu 1.72 Others 2.70
Gly 27.59

Org. acid .

Formate 1.68 Succinate 18.25 HPO 15.18
Acetate 13.34 Pyruvate 1.57 Others 5.91
Malonate 5.23 a—KG 5.86

— V7Y DERBED LN &0bd, f~TI7=vORREERDLEEZ DR D, TOHEEN
b, B-7o=vBLg/—NFIVERTT I AR VBERERL, P/ EEBICID T vy
HERT SRBOFEAELMEL L. IDCIORBOFEEYERYORE, RHBELEYOZE i
B L UOBRTREDKRIC LDEN D, BRBES TR -t Forv ot vl (HPO), <
0V EER K OB TR AR DR Enn, FIOEEBICIDAERLE MSA AT 3
BECLOABCRBINDZZ LERL, INTENDEDAANEFENT 2D, HPA H30ik<
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2 -7 UERROEBRIELFMRE

W 2 E#kIE UPAase & AAD OfBLH ST &N Ohic oko #HiC AAD BINFTHRES
IR E o2 EVe FTTIRSOBEMATAL, UPAase 1340 {&ic, AAD R EX ik
FICE—DERE L LTHEEDT, TROLOESYAY, —RNEE.2HOMcLi (Table— 5
Xt Table—6)o AADRE Y FEx 9 ) vEERREBEETD BBETH %o ABEIZAY |
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Table 5. Enzymatic properties of L-aspartate
YHEId S5 D-+ Y >,

a~decarboxylase in E coli B

19%) v, varg

Optimum temperature 30°C
vEBEBIUE Foxy Temperature stability 30°C
P25 EVEC LD, Optimum pH . ) 5—5.5

PH stability 5—6.8

= pava
S U X Absorption spectrum 275, 330, 408nm
o TDT EDDES E1% 19.4
HEI2 AAD DIEEC K215 /250 . 1.61
K, for Aspartate C 1.15mM
7 > N N . .
BRT D L850 M.W.by gel filtration 120,000

e/ oo —F UPA

se ik FI O , ,
@ 7 2Ly Table 6. Enzymatic properties of UPAase

EkmchHd A-v v in B. cereus K— 47
A FA Y BREEC B IER Optimum temperature 40-50°C
LT A-PI/4 V8 Temperature stability 60 'C
A Bo kT Optimum pH 7-13

v K, for UPA 0.23mM
% f-AlaTALD Substrate specificity UPA 100%
D7/ BR -7 . UIB 36
5=y rEURETT UPA; Ureidopropionate

UIB; Ureidoisobutyrate
I/EERTRITLT

EMDLF I VREAI—OBEZRTREINDLBbIS, IhIhb -7 5= vEREBREOEHE pH
DiEER L PH BEBOEL LI A-7 7=V E2SHLT B T L 2T L.
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Figure 10. Optimum pH for f-alanine
decarboxylase in B, cereus

BRISICIE NADT 2N BETH BT AP L ze T T THBELZTRV, HER 505 OBES
BT VERKB RV, TOERLYAIEOHRE—EADENAY FICOAERI D LN, DA
v Ricid A-Ala TA OFHRBAONEh o/ (Fig. ~11)e COT ELLESKEMICIZ 1 B
DREFIC L UBE I NS & LA bAC i » R D CTAREDEME LRI L Table—7 ic & di,
iKKEWMIy/—W7EV#BE&T%7Ui#VW&MlUﬁ<m%éhtc:@litﬁm
LR T BRI D TOHER £ 57 < K OCHESIC R BABERE L, 2 LR A
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Figure-11. Enzyme activity of

decarboxylation after the gel
electrophoresis.

- Table 7. Some properties of f—alanine decarboxylase
in B, cereus

Optimum temperature 30°C
Optimum pH 8.0
_Cofactor NAD" specific
K, for g—Alanine 0.58 mM
for NAD' 0.042mM
M.W, with gel filtration 340,000

HEEREELY Table—9 B LN 10ICR L. 7 I/ BMEKIZ f-F X /4 I BEEN A-F =
EESTSKBUBEREELRL, FAT7IvdhRDRWER AT UL, 73/ AZAER
EWEV@K%Eﬁ#%<,mmyﬂi#vw&ﬁ%SO%@ﬁﬁ%ﬁLtoC@C&ﬁlﬁj~w
FIvhO&ERTEZ ) A% v VBBRARRC XORBEZT 7Y v v OERICES LT N5 T &8
BY 5082 72 - 2o

B—AlaTA X DAERLZ MSA BBML E AR BREY I TP v F v CoA, v o vBHB WL
HPA 24T 5, B cereus RINLTRTORBEH O L VAL IMCHE oo FITEBED
HBEREITo v, BHEEREL, B82% Table—-11 WRL&e THhDOBEFEDRLT
HPA DEREIEHRD - L b5, RTwovE, F74FV Coh DIEFTH-To ZDERND
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MSA i3Fic HPA #RBCa/@AHERL oA VF-RELTRAINS LR L,
DIEDERERD D B.eereus 3535 in vitro B ENT -7 7= v ORBEE Ao
T& Fig. —12 0k 3k 3,

Table 8 Some properties of f—alanine transaminase

in B, cereus

Optimum temperature 55 °C
Temperature stability 55 °C
Optimum pH 85—9.7
pPH stability 5.0—9.7
Absorption spectrum 278, 325, 412nm
E{% 20.18
A 280,260 1.92
Reaction mechanism Ping—-Pong
Ky for f—Alanine 1.14 oM

for Pyruvate 0.50

for Malonicsemialdehyde 1.88

for L—-Alanine 2.78
S%, w value 8.84
M, W. by gel filtration 184,000

by calculation 171,000

Subunit 49,000
Diffusion constant 4.85x% 1077 cm%¢/sec,
Ip 4.75
N—terminal valine
C—terminal Alanine
Amino acid residue/Subunit 452




Table 9. Specificity of amino donors.

Substrate Enzyme Activity Relative
(f-alanine formed) rates
(10 #moles) (exmole/mg protein) (%)
f—Alanine 48.4 100
Taurine 3.2 7
2—Aminoethylphosphonate 0 0
4—-Aminobutyrate 35.2 73
3—Aminoisobutyrate 48.7 101
4—Amino—3—hydroxybutyrate 8.9 18
5—Aminovalerate 154 32
6—Aminocaproate 26.7 55
5—Aminolevulinate 0 0
Ornithine trace
Lysine 35 7
1—Amino—2—-propanol 1.4 3
Isopropylamine _ 0 0
1, 3—Propanediamine 2.8 6
3—Amino—1-propanol 7.4 15
Isopropanolamine . 2454 . 508
2—Amino—2—methyl—1—propanocl 0.7 - 2
n—-Propylamine 22 5
n—Butylamine 3.1 7
Isobutylamine 3.0 6
Monoethanolamine .21 4
Ethylenediamine 3.1 7
2—-Mercaptoethylamine 11.3 23

Table 10. Specificity of amino acceptors

Substrate Enzyme Act, Relative
(10 #zmoles) (a—Amino acids Rates
formed)

(#moles,/mg protein) (%)
Glyoxylate 27.3 56
Pyruvate 48.8 100
Oxalacetate 27.0 55
2—Ketobutyrate 7.4 14
2—Ketoglutarate 0.9
2—-Keto—n—valerate 1.8
2—Keto—1so—-valerate 0.9




Table 11. Comparison of the properties of MSA-metabolizing enzymes,

Enzyme K, for Opt. Opt. Specific
Substrate NADYor CoA pH temp. activity
NADH e
(mM) . (in crude ext.
(nmol /mg prot/
MSA minute)

MSA acetylating

enzyme 0.02
MSA DH 0.18
3—HPA DH 1.45

0.032 0.006 7.8 3B 80.4
0.031 - 8.5 35 183.6
0.006 - 8.8 30 362.8

DH: Dehydrogenase,

Uracil

NADH L-

NAD

Dihydrouracil

\Lszo

Ureidopropionate

3—HPA : 3-Hydroxypropionate.

Aspartate Glycolalgsﬁyde _
NH, Glycollate
COZ Ethanolamine Glyoxylate
CO2 B-Alanine
MSA

Pyruvate \ Glycine
- 3 . /
L-Alanine Serine

Malonic semialdehyde(MSA)

NADH
NADH NADH

Acetyl CoA Malonate 3- Hydroxyproplonate
~
Acetate ~77
Glyoxylate “‘*-Z—Ketoglutarate
Citrate Succinyl CoA NH3 L-Alanine
Succhate 4 Pyruvate
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Figure 12, Metabolic Pathway of B-Alanine in B. cereus.
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