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Production of amines by nitrate reducing-bacteria and lactobacilli for saké-brewing.*
Umezu, M., A, SuBaTA, and' M. Maepa¥* (Department of Industrial Chemistry,
Faculty of Engmeermg, Tottori - University, Koyama 1-1, Tottori) Hakkokogaku 55
68-74. 1977.

The production of amincs from amino acids by nitrate-reducing bacteria and
lactobacilli, which is concerned in saké-brewing, was investigated using 16 strains of
nitrate-reducing bacteria and 6 strains of lactobacilli. '

The activities of amino acid decarboxylases of these bacteria were measured with
Warburg manometer and expressed as Q co,, and the amines produced by decarboxy-
lation were confirmed by thin layer chromatography.

Two strains of Aerobacter aerogenes showed decarboxylase activity towards arginine,

lysine, ornithine, and serine.
arginine and ornithine.

towards ornithine and 5 showed the activity towards lysine.
var. saké showed strong decarboxylase activity of tyrosine.

Lactobacillus saké showed decarboxylase activity towards
Two strains of Pséudomonas sp. showed decarboxylase activity

Leuconostoc mesenteroides
It was confirmed that the

amines putrescine, cadaverine, ethanolamine, agmatine and tyramine were produced

from the corresponding amino acids.

It is considered that the production of these amines in the initial step of making of
Kimoto and Yamahaimoto (seed mash) is mainly due to the action of nitrate reducing

bacteria and lactobacilli.
occured by the action of lactobacilli.

In particular, the production of ‘tyramine from tyrosine

The optimum activity of the amino acid decarboxylases of these bacteria was seen
between pH 4.5 and pH 6.0 and between 35°C and 45°C.
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Table 1. Composition of medium for lactobacilli. Table 3. Substrate.
Meat cxtracf 0.3% L-Arginine monohydrochloride
Polypeptone 0.5 L-Ornithine
" Glucose o 2.0 L-Lysine monohydrochloride
Yeast extract 0.5 L-Histidine monohydrochloride

Water

Table 2. Composition of medium for nitrate-
reducing bacteria.

Meat extract 1.0%
Polypeptone 1.0
Glucose 1.0
NaCl 0.5

Water

L TFTBED 5085 3Nl Micrococcus varians 3 X O
Bacillus subtilis, F8EEWFEFRD> O AZE U1 Lactobacillus
caset 3425, Lactobacillus batatas 12455, Lactobacillus plan-
tarum 3070 5 & U5 Leuconostoc mesenteroides var. saké 3835,
W BB a3 2 D 43 5. X N7z Lactobacillus saké
B XU Leuconostoc mesenteroides var. saké THY, g
NOFEBEZ S UERBERI O I NI DD THS.

BEMiE LT, ¢5U 1kg ZREIK 3/ hic@EL T
5°C T24RsfHEE R, ¥4 v ABBTHME, HELT
MEBE LI 5 LD 29 X TOBEKICA N .

Z Ofth, FLEEE O A ORI AE B IR
Table 1 ic, ZODMOEKDEEEICHE OISR
p%% Table 2 |Z;R U7z, Zh ool EZzhshn 10
ml J T 2405 30°C TRIBSBEZT-7cDB, K
100ml CHIMEH & F UBBEH TAERLT - .

BH  AEBICHERM L7cT 1/ B% Table 3 1R
7
7 2/ BIRIRBRRED RIE
L HEHEREOHES AEEETHREOHLTE
SNEREAEENEEKREROTL DAL L 3 [k
t LIcOb, MEHEK 3~5ml iChE L THE S L
1.

2. REENAREBOWE v-NVITNVIBRERE
AOTHIE U, BENE% Table 4 jz7Rr7. 30°C
BB REEN 2 DRER % 10 M43 1~2 BEHE
U7c. BESRTEM: Qco, REBREAER 1mg b
1cB 0 IR A AR ul TH O b L.

L-Tyrosine
L-Phenylalanine
L-Alanine
L-Glutamic acid
1-Valine
r-Leucine
L-Serine
L-Tryptophan
L-Threonine

Table 4. Reaction system in Warburg manometer.

Additions Volume
. Cell suspension 1.0ml
Main cup
M/10 Phthalate buffer 0.7 ml
M/50 Amino acid in
Side bulb 0.3ml

M/10 Phthalate buffer

incubation temperature: 30°C
gas phase : Ne
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1. ZH@EpH 73 /BRREREEHBH®RIRL
FBIRICOWT, Fl pH 235700 1/10M 7
4 WEEHEEW O pH %3.0, 3.5, 4.0, 4.5, 5.0, 5.5,
6.0, 6.5/ EEL, zhxhopHiEF3 73 /8
[t B RE% HIsE L e,

2. THEE ZHpH OREEFEMCT I/ B

- RERREE B3R < T A EikkE pH5.00 1/10M 7

ZOVERREEHICIEE L, RUSEE % 25°C, 30°C, 35°C,
40°C, 45°C, 50°C, L%, e h e hOREIE T3 7
3/ BRI B AR JsE L Te.
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Table

DE#kiz ornithine, lysine OEREEEEEE T 5 DD
HBHZEMBED NI Eiz, Aerobacter aerogenes D 2
Btk > H1gikkic arginine iR EEES X 8 ornithine
B EEREDSERY D, D 1 Bikkic lysine [HEREEREDS

5. Decarboxylase activities of nitrate-reducing bacteria and lactobacilli (Qcoy)-
(No. 1) ‘
Amin6 acid
Strain Medium
i L-Arg. 1-Orn.. - 1-Lys. 1-His.. . ©-Tyr. vr-Phe.

A* — — ' -
Pseudomonas sp. A CBR . 14 _ —_
A — 20 — — — -

4 E B — 21 1 — —
A - - — _ - _
Y P-1 B _ e _ — — _
” P-2 g — 4 _ — —
A/, P-4 a - — 2 = = -
’ P-5 8 - - - - =z Z
.// E-1 8 _ — — — _
'// E'-1 8 _ _ — — — —
’ E-8 a8 - - Z - - Z
Suehiro 1 g _ _ 3 _ _ _
Suehiro 2 % . _ %fzs : : :
Aerobacter aerogenes B g | g% Zg . : _ —
0 c A - - e - = =
A _ — — — - —
Achromobacter guttatus B . . _ — _ —
Micrococcus varians g — _ _ — —_ _
Bacillus subtilis 8 _ — — — — —
Lactobacillus casei 3425 é*** - _ _ _ _ _
Lactobacillus batatas 12455 . é _ _ - — _ :
Lactobacillus plantarum 3070 - & _ _ = - —
Lactobacillus saké é —7 ig _ — : _
Leuconostoc mesenteroides var. saké 3832 Ié _ _ : _ . _
. , A — 46 —_

Leuconostoc mesenterqides var. saké C . 32

* koji-ext.

** synthetic medium for nitrate-reducing bacteria.
*+* gynthetic medium for lactobacilli.
Conventional Warburg manometric technique was used for the measurement of carbon dioxide pro-
duced. The reaction system was shown in Table 4. - Decarboxylase activities' were expressed as Q co,

(ul COz evolved/hr/mg dry weight bacteria).

Bacterial cells for measurement were grown at 30°C for

24 hr in the medium, centrifuged, washed three times with physiological salt solution and suspended
in distilled water.
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Zhotc. T, S Tidd 203 2 Bikk & b serine
SLESEI T 1L Lactobacillus saké
iC arginine JiREEEES & UF ornithine [ REEEEDSERYD
54, Leuconostoc mesenteroides var saké (D 1 BIRRICH7E

B AR OSERY B,

D L tyrosine JREEREDSTRYD S 7e.
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Table 6. Decarboxylase activities of nitrate-reducing bacteria and lactobacilli (Q co,).

(No. 2)
Amino acid
Strain Medium
r-Ala. 1-Glu. 1-Val. vr-Ser. r-Leu. vr-Try.- r-Thr.
A% - =
Pseudomonas sp. A B —

” E — — _ _
'// P-1 — - -
” P-2 — _ _ _
” P-4 _ _ _ _
Y P-5 —_ — —_ —
y E-1 —_ — _ _
Y Bl - - -
V4 E-8 : D : -
Suehiro 1 _ _ _
Suehiro 2 _ _ -

Aerobacter aerogenes B

“

C

L

Achromobacter guttatus

l

Micrococcus varians

Bacillus subtilis

Lactobacillus caser 3425

*
*
*

T
[

- Lactobacillus batatas 12455

[

DD LT Howeeof LT

|

Lactobacillus plantarum 3070

[

(I

Lactobacillus saké

)

AR

ll

" Leuconostoc mesenteroides var. saké 3832

IR N R R R A R R N R N AR R I AR R

POpE e e e e e iy e e e ey e e

l

RN I N R A R R A R R N R AR
L
[

Leuconostoc mesenteroides var. saké

oksletlekzloklobalobai-—bal-—kilobal-oh l-hegi- e b e sivg ook gl i g g ety

I
l

* koji-ext.

*¥ synthetic medium for nitrate-reducing bacteria.

¥4k gynthetic medium for lactobacilli.
Conventional Warburg manometric technique was used for the measurement of carbon dioxide pro-
duced. The reaction system was shown in Table 4. Decarboxylase activities were expressed as Q co,
(ul CO2 evolved/hr/mg dry weight bacteria). Bacterial cells for measurement were grown at 30°C for
24 hr in the medium, centrifuged, washed three times with physiological salt solution and suspended
in distilled water.
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Fig. 1. 'Thin layer chromatogram of decarboxy- Fig. 2. Thin layer chromatogram of decarboxy-
lation products of amino acids. lation products of amino acid.
1. agmatine 1. tyramine
2. control (M/50 arginine in M/10 phtha- 2. control (M/50 tyrosine in M/10 phthalate
late buffer) - buffer) '

3. reaction mixture decarboxylated by Aero-
bacter aerogenes B.
4. reaction mixture decarboxylated by La-
ctobacillus saké.
5. putrescine
6. control (M/50 ornithine in M/10 phtha-
late buffer) '
7. reaction mixture decarboxylated by Pseu-
domonas sp. A.
8. reaction mixture decarboxylated by Pseu-
_domonas sp. E.
9. reaction mixture decarboxylated by La
ctobacillus saké.
10. reaction mixture decarboxylated by Aero-
bacter aerogenes B.
adsorbent, Avisel SF; solvent, chloroform-
methanol-ammonia (2 : 2 : 1); detection,
ninhydrine reagent.

Fig. 1, 2 it7x ¢~

INODERP G, RENAREDHONIEKT
BHEOPLBEET I/ BOBL, HESALN, FH
B, isd 57 I VOERSERINI. bbb,
Aerobacter aerogenes B 35 108 Lactobacillus saké |3 agma-
tine % Pseudomonas sp. A, E, Aerobacter aerogenes B 5
& O Lactobacillus saké |3 putrescine %, Pseudomonas sp.
E, P-2, P-4, Suehiro 1, Suehiro 2 3 X5 Aerobacter
aerogenes C |3 cadaverine %, Leuconostoc mesenteroides
var. saké |3 tyramine %, Aerobacter aerogenes B 5 &
U C |3 ethanolamine % A(Kd % & & 5o - 7.

CNEDT b, BEERCE TERRERD
HEECRBERNC N THEERI LD 7 I v BOBE L
REVY FERO—2 & LT, MEETHED XULEHE
CEBT I VOERENS CEBEXONE. 1,
FERI S S ICEBERBERNCI tyramine D3 LT

3. reaction mixture decarboxylated by Leu-
conostoc mesenteroides var. saké.
4. cadaverine
5. control (M/50 lysine in M/10 phthalate
buffer)
6. reaction mixture decarboxylated by Aero-
bacter aerogenes C.
7. reaction mixture decarboxylated by Pseu-
domonas sp. Suehiro 2.
8. ethanolamine
9. control (M/50 serine in M/10 phthalate
buffer)
10. reaction mixture decarboxylated by Aero-
bacter aerogenes B. '
adsorbent, Avisel SF; solvent, chloroform-
methanol-ammonia (2 : 2 : 1); detection,
ninhydrin reagent.

50, ABREENCIIE RO tyramine YA LT
WA EEBEDTNED S, DT &% Leuconostos me-
senteroides H5& ¥ TH tyrosine BiikEEEE = BT 5
CemBRBEICES T/ BBREAERICES b
DLEEING.

7 %/ BiRRE R OIS

L ZEEpH RU-7cpHICETEEEHRDOT I
/ BIRRERE % Qco, Th OO L, Fig 3, 41TRL
1. TN SO LS T Pseudomonas sp.
Suehiro 2 @ lysine [ REEBEZE/EROEHE pH 136.0T
HBDICKE L, Aerobacter aerogenes C @ lysine JRiREE
BEEAOEE pH 124.5TH D, serine JREEREFE
VEROEE pH I3, Aerobacter aerogenes B "TI35.5TdH
U, Aerobacter aerogenes C T126.0T%H - 7-.

TR DR A intact cell T S SR E & Holk

§5 &, tyrosine BLREEBERIER T2 5.0 (Strep. fae-
calis),'® arginine JiREREEFEVER T3 4.0 (E. coli),}®
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Qcoz (ul/hr- rrig dry cell )v

30 40 50 . 60 70
. oH

: F1g 3. Effect. of pH on decarboxylase actwnty

Fig.

of cell suspension. (No. 1)

—@— lysine decarboxylase activity of Aero-
bacter aerogenes C.

—(— lysine decarboxylase activity of Pseu-
domonas sp. Suehiro 2.

—A— serine decarboxylase activity of Aero-
bacter aerogenes B.

—/\— serine decarboxylase activity of Aero-
bacter aerogenes C.

Decarboxylatlon of amino acids was followed

in a Warburg manometer. Experimental

conditions were as shown in table 4, .except

that pH of the buffer was varied.

Bacterial cells for measurement were grown

at 30°C for 24 hr in synthetic medium.
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Qcoz { yI/hr-mg dry cell)

30 . 40 50 6.0 7.0
pH

4. Effect of pH on decarboxylase activity
of cell suspension. (No. 2)
—(— tyrosine decarboxylase activity of

Leuconostoc mesenteroides var. saké.
—A— arginine decarboxylase activity of
Aerobacter aerogenes B.

—/\— ornithine decarboxylase activity of
Aerobacter aerogenes B.

Decarboxylation of amino acids was followed
in a Warburg manometer. Experimental
conditions were as shown in table 4, except
that pH of the buffer was varied.

Bacterial cells for measurement were grown
at 30°C for 24 hr in synthetic medium,

00

Qcoz ( ul/hr-mgdry cell)
w
(]

36 46 50 60
Temperature (°C)
Fig. 5. Effect of temperature on decarboxylase
activity of cell suspension. (No. 1)
—(— tyrosine decarboxylase activity of
Leuconostoc mesenteroides var. saké.
—@— ornithine decarboxylase activity of
Aerobacter aerogenes B.
—A— ornithine decarboxylase activity of
Pseudomonas sp. A.
—ll— ornithine decarboxylase activity of
Lagctobacillus saké.
Decarboxylation of amino acids was followed
in a Warburg manometer. The experimental
conditions were as shown in table 4, except
that incubation temperature was varied.
Bacterial cells for ineasurement were grown
at 30°C for 24 hr in synthetic medium.

lysine [ BREESE/ER TlT 4.5 (E. c0li),19 ornithine
IR EEBERVER T2 5.0 (E. coli),1® 5.5 (Strep. faecalis)
W THY, AERTEONIEREZIZ—HL, o8
#ic pH 4.0~55 o ﬁﬁﬁec&%ips‘, Pseudomonas sp.
Suehiro 2 @ lysine R EEBERIER O %58 pH 136.0
THY, PPEBNEEZRL.

2. BHEEE BRU-LRGERECkIETI/ B
Wi EEEE Qoo TH O L Fig. 5, 6 iR L7z, X
HOBELLEEICINODT L/ BRK R RIER
DOEBRE 13 35°C~45°C OicEETS. che
intact cell THIFE I NI CEE & g 5 &, glutamic
acid BiiREEEESEVER TlE 32°C f:E (E. coli), 1O argi-
nine JFREEBESZVER (E. coli)1® (Bact. cadaveris)1® 3
X histidine JpEEEERIER (E. coli)'® T3 40°C
PlbER-ThD, AERTHEONIERLZZ—K
LT3,

E #
BEEECES T 2 HBETE, LBECOVT,
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Qcoz Lul /hr-mg dry cell)

20 30 4
Temperoture (°C)

Fig. 6. Effect of temperature on decarboxylase
activity of cell suspension. (No. 2) -
—(— lysine decarboxylase activity of Aero-

bacter aerogenes C.
— A — serine decarboxylase activity of Aero-
bacter aerogenes B.
—/\— serine decarboxylase act1v1ty of Aero-
bacter aerogenes C.
—{"}— arginine decarboxylase activity of
Lactobacillus saké.
Decarboxylation of amino acids was followed
- in a Warburg manometer. The experimental
conditions were as shown in Table 4, except
that incubation temperature was varied.
Bacterial cells for measurement were grown
at 30°C for 24 hr in synthetic medium.

ZTNHDT I/ BIRRBIERICK S T 3 v ERORE
T

WERITE 168k KO ILBE 6 R VT, £HEO
T/ BT B RIRBRRER 7 — VT v SRR R
WTHIEL, 3boic, E/7u= 17774 —1CXD
ERINIT I 2B L. TR
aerogenes 35 Y. OF Laciobasillus saké )3 arginine iR EERE
%, Pseudomonas sp. D 2 GkE, Aerobacter aerogenes ¥5 X -
¥ Lactobacillus saké %3 ornithine BRiREERE %, Pseu-
domonas sp. DSEIREE K Aerobacter aerogenes s lysine
iR BEBE%, - Leuconostoc mesenteroides var. saké 7)3 tyro-
sine [ ERAEE,

Aerobacter

Aerobacter aerogencs H3 serine JiiREE

BEAYT BT LERL, T0zh, EET I/ B
B3T3 VEERT S C LERDT

TRODL, MEETES JULBRICLD agmatine,
putrescine, cadaverine, tyramine, ethanolamine 734z
RENB T EMIOONI. LT EMLD, EERIE
BOBEROMIcE T 5 7 I VERICHEBRELES LU
ABELEE LTS EBEZONS. HiCHBR
ERHRO tyramine © EFREL LTABRBICLS b
D LEFEINS. '

Ff, CNDORMBRTLES L UHRBOBRIE
EEROEE pH, EHERT; Bk, 2E, HHOE
WLk > TEHOERDBRON DS, 2l pH 1 4.5~
6.0 DRlicd b, BHIREE L 35°C~45°C DRI TH > 7c.
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