B1E &

2

PAREERE, WDOLIFRHFAOEBEBRIZLDI T VAL —RE T EH
WAL TEBY, TOFEFRKRELLY AAFRERETIL TS, £0O
FTELAERMEIEARAZ I THY, e XZIUHHELEIND,
ERXZIVTEY, B X OMEIC DT HAEBEET I 0
1 2ThHH, AEATHIBND, LoT, AAHF b E R I V&
BT 5, LLERL, FiffefAROE R I VEREITI AR Y 4
THILKENTE 2 PHEEAETEEL SN TWVD 50mgh? 2 3
Ubkoe 22 I 0FERBICITMENBEET 2, E2AT, ZhbEe R
I NI e AF YV UPREEEESE (HDC) Ik D e AF VU nb 0 — R
DIIETHERIND, i, ZThbAERSNTZE 2X I Vi
HTHAHII, oF, ARFTOERAXICOERBEIZAATICE
FNLHEH e AT UE, FEMEICLDSIE RAZ I UARKRE, BXWY
EREINTEE AZ I VDO MREIZL > TEE D,

AATICEENIEH e A F U ER&ITABICLIVERS Y, F
TR e A F U TR HEBEIC L DX R TEO S THINT 5,
EAX IV EDPoTEREDO —2 LR L TWERN, 2B X
Ll e A F T oM ERBREMNTOND, LPALRRL, AL
DERAEZILVHHERNFABAEO LY REH e A TF 2 b e 42
BILGDAOEBEBARETEAEL VD, o, HEHe ATV U 22 RBICE
CRTIIEBUPARBOON LN, PHEBIEELBE XD XX I UNR
ARSI HAEB LR TWVWD ! ),

BYRMEICLI2AATTOERAZ I VAERE, ThbbeXAF T
i Fe % % (HDC) D EEARE S K ONEMEIZIG M E O A FREICEE I
Nb, BEAXIVABRMBEICONTIZIEZ ORENDH D, MEO M
FLEABTRELEVWOBALOIBNME A & L7 HiRvE oo fe A/ .
IR MM E B K O IRMEME O 3 SIS T 52 &N TE,
BO2OoOWMBEIXMKEREICOMLTNDE, EZ2AT, B AX I AR
MEICET 20 oM EIT 2 CHNmEAEME CTH Y, Mellandby & * %)



WELEY NOBRNEDHOEATF I h b A I AT M
ZoBELCLk, 2L oA X F I UABRMEIAREIATHS
033800 T 1950 EROFTEICHATHERELZT L
F—HEYTHEORKNE & LTSV Proteus morganiili% & Dt
ABIVER L P03 F e MBS 1T T9 ko 2 x v
K (Escherichia. Aerobacter., P. mirabilis. P. vulgaris. P.
morganii. Pseudomonas, Achromobacter 3 X (N Micrococcus) Dt A
2 I UAERREEE AN, P morganii NHEFFERMIZZEOE AKX I U %
kT A5 2B NI LT, P morganii X Morganella morganii
EWHINTVDA, BIEBREN e A X I VARMEE L THDL
NTW2, Taylor H°% FARPHEORKERAE (w7 mofily) »b
Klebsiella pneumonia Z /3B L. FHBET R ZEL Z T OICK TR E
Db RAZ I (442 mg/100 g) ZPEAT LI L ZBR LT,

WEFEME E 22 X AR L R IR M R X Photobacterium
phosphoreum [ZRE SN TWAHHETH D, BH? Tk A% I & AEK
9% P. phosphoreum % 77 B L. FEN I0CU T THLELSAFT L Z
ENDRMEAE EEECTHD E L TWD, van Spreekens® V) (AL BEOD
FAME CHRSELEE Ry 7O =y TEEOE A X I v
ODEMEBIZL LT, Okuzumi 47 48 13 5CEB L 20°CIZ ik L 7=
PN ARED R — FRB D OREGEMEE 22 I ARG E 2 70 BE L
NEREME &L NBERHMEEELET N7 r A X —R0F
BIZED IR (BH+/ Fhrroatxery—8+) 118 (+/-) L1
M-/ BLOIVE (-/-) i&oniv, 11 RUX P phosphoreum &
Lic, 2B, N EHMEIRICEER LI OCRAMSHITLY P
phosphoreum \Z A X 7= 2%, Morii H*4 42 I RN = DK
me 10CHBAEITW., RENBENOHBELT 90 IRORELME D 5 5
85 kM P. phosphoreum TIZ IO A TIZE AX I UARENRL L,
D SRR NAMME Vibrio logei LM OIEFHILME IZITe A& I &
RABIE e olobBEL TS, F7o, KRR L2 NAFOE X
X I v & P phosphoreum T & OMEML L | KR AICE T



Hbe A I UERICIES o1 XS P phosphoreum B 54 5 & kX T
He —H. RIRMEOWEMEE XA X I VARME & L CTIL deromonas
histaminum®’, Vibrio alginolyticus®? BX O C ' % '7) N4
INTWAD, GO06XCHED P. morganii (LT AT EDFR VB A
ZIVAEREEZ DD, AL OMKSLAICHEBL L, WK 20CLL FIZ72
LEWATHILEBREL TS, 2k, AEITEKRERL LRI
I XV P damsellae \Zy A S 725,

EAX I VEAICETOMRITIEE AL REEAEO IR E & x5 &
L72d O T, M B 28 <0 e B 1K & v T HDC pE 2R RE X HDC 95 £ 23 3
RN TWD, Koessler 52 [ IIANMEZ HWZHEBR T, B A4
VAEREMIT®BMET, FV e — AR s a—20 LX) RESHITFH
SNOKBREZRMT 2LERH D5 LW Lz, Gale®® X £ coli
o HDC PEA O E R E X 20-26°CTH Y | 37°C TIXEEALITZE L < Ml
ENnbHELTWD, —Ji, Clostridiumwelchii'®) TIX 25C LV 37C
DFNEBWVWELTWD, WS 81X P morganii O Wik FE
AT 2R FIZOWTIHNTWD, 2O T, P morganii O Wi fx
Wels SR O F BT E R 2X107°M (0. 03%fEE) LAk, pH 5.0 8 LW
T RUBERIE 0.5—-2.0% TR RERoTc, £, AEEOFEIL 25C
THRbmEm<, 3TCTIERKRMED 1/5 Thole, SHIT, BEREAITAE
BEWHICRKNERY  IBIZEA Lz, Kinata 5 241X P. morganii
BIXREOWEEEKOE A I ARBITERE THH SN, BHR
DEBIIMAC T I UM BRERTIE RN & £ E coliDE A
FIVAERBIIBETEEINR NI AR L, Alin' ¥ X £ coli
B X W Salmonella typhi 138 T 8725 H 00O HEFKW pH Tk X F
U EMREBET AN, E coli B XN Pseudomonas aeruginosa IL WP
BLOTABIMETEAZ IV ESMLIZEH®REL TV,

RIEMEMEO b A X IV ARICE L ik, BELY o NEFEEMEOD
IR (RidR) DREBRELEEEEZHVWEZREDNDH D, TOP T, I
HMEOEFTRBEREIL 20CTH o P RAEERERTOE R Z I AR
O E R E L 25CUL L AEEEW pH 1L 68 Th o kK ETO



EAZ I VAEROERE pHIEL 56,8 X OVEF EiE NaCl IE 1L 1—-3%
ThHhYVREERETOEAZY IV EROERE NaCl BELFRKETH- -
CLTW5, £, BiBFHEEO e 2% I AR E#EEEIL 35—40C .,
B pHIZ 5.4 B XU NaClIEE T 2 & I UAREERBRTH - 12 &
LTW5b,

MEZOMTIBEBERRO D VVITHBEIND, WMETIETMEOLEFIT
EEEEHIEEN D, —FH. B CIETEMEIXIZIEMIETE 5 2MKIE
MEIXTAEBFT LSS, P phosphoreum 3% F CEBE T Hb A X I
ARMETHY, BRAICB T A X I OEMICERN 2 &E %
Bred, AhHELEET LA LD 22 I UAEBRELHA LA TWY
5,6 Z2AT. 22 I0FEMOHARDEAFTBAEIC LD EPEMRF TIX,
ERAZ IR EEDND b OTFEREENS 10 HRETH D RIE
MEICERT L2 LEHETELILDOIERY LR, LML, BEAF S
CHBITERNZETHOBR[ICHRZ SN T WD ATRERNERHR SN T
W%, E72. P. phosphoreum \ETEIZ TV B A Z I TIMBIZ iR < |
—HARIND EMBGHEEZ bIRAFT L, S HI2, F—nr y M dFEE
TEHYAIBBIOC=BoABHIZOWTITe RZ I g ¥y
100 ppm A F E WS B AR 25X 1T TW D, Z D &EIX P. phosphoreum
NDIKIEIFEA T HOER LEGEA2ETH D, L7222 > T, P. phosphoreum
IR D e 2R I VAREKFEOHEBEBIZETHEOIME O HR S T KEYD
P EZ MR T 272DICbRARTH D,

AR TITEIBIFEATOE AX I VAREE AX I VARE & O
B E M (RIERT A B 0Bt U 7= P. phosphoreum @ HDC FE/AERER L O
HDC VEMEICKRIETRER FORE, BXW £ coli ~EANLE P
phosphoreum ® HDC Bin DR BICEH T %2177, H2ETIX
K OK & RPN E#ZICHEM T 5) BXOMmK OK & AR E I8
ik L7gwv) dEEZHWTERGF LY NIZEBIT D P phosphoreum D{E E &
AKX I AR EOBEMN AT T, B 3 FE CIL P. phosphoreum D W
AR EERMBEEREZ A, B AZ I UCARICEKIZTTHENE L OE
PR OEBERT, HFAECIIRERIBESIE T CHEELRE P



phosphoreum D H KK Z 7Z VA L., B 517 HDC @5y O &
FOREMERFT Lz, 85 = CTIXHRIRE ., pH, NaCl £ B X OV
IKIEE D P. phosphoreum ® HDC FEA I KIFT B EZF /-, 6 &= T
\% P. phosphoreum ® HDC #EisFZ%E AL £ coli M., P
phosphoreum @ HDC EAx 7 FEA T D HDC DFERE 27 7=, Iz C,

KR P phosphoreum @ HDC 28 M. morganii7e & O FiRMEE X X I
AR O HDC & HEALBIIC ED X D RIEWNH D D2 & 3 T Rk & A
WTH ARz, FTECTIEINLOLZRIELZ,

F2E KBBIOKOETOVINIZBITLHERZ I VDER



i

i)

IRIBRF R A BIT D v A ¥ I VAT Photobacterium phosphoreum
NEET 22 LI OMAFEICLIVRDONT VD, BHA 2 1XHEE
PED Wb ) D RENEFE M & P phosphoreum?S & A X I 2 AERT D
T EBRAICHE L TWA, van Spreekens® V) B 2 FX I U4
A TEME CHERSEZEZE NNy 70T =080 g% 4CT
8 HHAMAL, 10° mg/100 g DEAX IV REMIND T L 2BIEL
TW5, Okuzumi H* 7 (X 5°CH KO 20°CITHyEE L 72 ¥ 32> b K TR 4F
e 22 I CAEREE DL NEREME LR LI, 26 ME T4
OOFEMIZX S, 11 BiX P phosphoreum TH A H & L. fDOH
BMOSEFAOMNMBIIRATHDIE L, £, RAKL*® 1T 2.5CI
B L 72 N, A U VB XY~ ORI HEERIZ 1-107/g, &
PERFIZIX 10°—10%/ g D NEREMENFEET 2L L, Bafid Lo EE
HErfEfMLlc, S, MEXWELAOKREFELVIBEIZZN L2 W
5T LTS, T N EREME L, BUE CITBIR RS \fﬁ
X v P phosphoreum \ZIFBENTWH 24, £/, Morii H4° ¢
FHANE =D 10°CHT R &K Z 1TV Pl TIEm TR~ T KK
[ZOWTHEL 10CHTER T TRIECME O AT 2@ D 2 2 KE F Tl
INBNWZE EFEEINDDOFEEME O KEN P phosphoreum T [6]
FTZEBEOEARAZIVEART LI EERELTND, SHICYEANAEIR
AR LG E . FFIC 10CAITM TIRERNEHRN ENBETOE X ¥
S UENBBD TEL . FDOERIZIE P phosphoreum D E B 77 1% B % JE
CLHELTWD, EBIC, KAORE TRIEMEIBRE SR 2o
el il oW Tid, BIECMEIEEME CTHL I LICERTLHE LT
W5, LEoXoic, iRl LY B aEICBEITo e 22 I U4
K AZ X P. phosphoreum 73 72 & 2 L TV 5 05 A O 7 57157
EOEWS, KBTS P. phosphoreum DI E L N 24 I DRI
WEBTHZLELRMBL TS, ZIZ TCHKRIFKAICE T2 A X
AN KIE T P phosphoreum DR E| MR T 5D & T, fEA OB

J



WA S D KkE (M2 ESEKPICHE) B LORIEEOKAG (A
Kezr=—nNRQQZAnTKFIZHE) TOHF NITEITDH P
phosphoreum D Bl L B A X I AR & O EMZ B L T2,

b E 7 ik

KBBLOKBTOIANZBITHERAZ I VERICET HER

K (a2 EEK T ICHE%E) B0kt (A2 E=—1&ICA
AWTHKFICHEHE) LY N Scomber japonicus \Z DWW THAREE. B
MEHB LV 22 IV EEREICH N, EBRIZ11LA L 12AD
2 AT o7z, RABOY NIRRT ANORAIELOHA L, 3T
AT (0 HH) SHTE#%E (4 HEBET24 HE X T) IOV TAREK,
FIMEEBL LN e 22 I vraofllEicf Lz, A4 HEIico
T3IRETHWI,

AEBRB I ORECHERORE L EHK D5

R ORR (FH) . A (XEREXVH5 mllEOE) BXUOKE
BE (REEMD) IZOWTAREEKE BICME RO E & B D DBEEZIT -
. RBREBLIOEECZOWTEH.BE LA AR —F —(HEE 2.5cm)
AEZNDOLORMIFEAESE, TOEHLSZ 10ml OPWE L7 0.1% ~7
b= U UEBRREER (pH 7.0) THoloWed L CHEE L. EEMHEM
AELE L2, HRICOWTIEN 1L g ZIEMICFH Y EDY . 9 ml o [E
WaEMz,. AYU bva (Kinematica GmbH, Steinhofhald 20, 6005
LuzernCH) ZH W THREST T A4 X LT, T DOEN S [FEERE K %
FAWT 10 {5 B MmN 2 g8 L, PYBGC 2R Mt [0.5%K U <7
oy 0.25% =% A, 0.26% R R, 0.1 %7 ba— 2B LW
1.5% % K% 50% M /KICEM (pH7.09)] 12 0.2ml ¥ 2&IE L, 20C
THEHRE L, BEMESIZIT R TOFERIZOWTIELOEE T % /s
5 12— 48 RFM R ICFHE L R AE M B 800% 5 B B 8 4 [ @ W IE I e W
WEZLag=—0OAEULLEFEHRTOHBIZLVER L, EKODBEX



BABRBOMEICH L2 R ONBLO R 2L % 2 8E L. FHLK
DB 2 WD CTHUFEDEEL 72, BAEME IO W TR AEE O N
ENHE LT R A NS HER L 72,

STHERE O [FE

Sy BEE X Bergey’s Mannual® 7 °3) 2% & L LIEAK'Y oFREH K
ICREWV B B £ T BRICREMBE SOV T Morii B 44 4°) LAk
WL TR E COREEZIT - T,

EXXIVEDHE

P AROEHNERHA (FR1D 1—2 mm), HHANBEHA (K 5 mn
IR BIXOEHHA (EENDS 1—2mm) FOeRAZI &, BX
DS HEREESERETP O A X IV B%E Morii GOk 49 1THto T
HE L, 2B, DHEEESERFPOE A X I U &\IZHOWTIE, B
H DT XT (Photobacterium leiognathi Z -2\ T IL# A H & H & H
FRNOaBELTZ 6k E T DOMDERE Y SHELTZ 28K DFF 8FK, P~
phosphoreum\Z D\ TIXMAERBMEH RO 0L 72 168kE Z D
DM X 0 o BEL 72 12 BROFE 28 ¥R) . K E L OUKH T TR 12
HEUBOEAXY I v OAERERDT-MHRAO KA Dy B L 72 I
FEHME DT X TOEMK (163 8K), BRI O 8 A BT/t L 72/ &
D (FF 30 BR) 2O\ TH A~ (KEHEF M E 36 £k & £ Ol 183
).

i F

KBEBIOKBTOFAODEZEEHMIIBITIREERB LI ORLME
B o REFZE AL

KB LKW LI "oRER, iR (RE) BLXUOEEIZKIT S
AR EBEMEROKRELENZ 11 H (EBRIT) & 12 A (EB 11)
D2ERAT, TOREEK ~Fig. 2-1 & Fig. 2-2 TR 7,
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Fig. 2-1. Total viable count and luminous bacterial count in the
skin, the inner layer of muscle, and the abdominal walls of
mackerel during storage in ice (upper) and at the temperature of
ice (lower) in Experiment I. Mackerel was stored as touched
directly (in ice) and indirectly with ice (at the temperature of ice).
The inner layer of muscle is deeper 5 mm from the skin. The
counts of bacteria were carried out using PYBG medium
[polypeptone, 0.5%; beef extract, 0.25%; yeast extract, 0.25%;
glucose, 0.1%; and agar, 1.5% in 50% seawater (pH 7.0)] at 20PC.

W+ [, total viable count; B, luminous bacterial count.

FERITEHBELCMELRE IS ERIITEIHRE IR o7,
ARSI R M E HBROAEICE D b £ L&A TIHEOKE AT
KL VRS BWETIIES 2 BRI L ILITFAKRANY — %
RIS 2B T ORTE AR TIL SRR 1T OITEARICH XTI &N D
DD TE oo, FEBR T CTIRATERATZHEICH L7 ToHEAL
THOCME Z 8D 28, AP 3OKER & oKm O JERE RS X UK M O ff A
AT MR 2 58 o Tz,
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Fig. 2-2. Total viable count in the skin, the inner layer of muscle,
and the abdominal walls of mackerel during storage in ice (upper)
and at the temperature of ice (lower) in Experiment Il. Mackerel
was stored as touched directly (in ice) and indirectly with ice (at
the temperature of ice). The inner layer of muscle is deeper 5 mm
from the skin. The counts of bacteria were carried out using PYBG
medium [polypeptone, 0.5%; beef extract, 0.25%; yeast extract,
0.25%; glucose, 0.1%; and agar, 1.5% in 50% sea water (pH 7.0)]
at 20pC.

P A OMEBECTIT W TN OTEMA TS 12 H H LU I I G M E 2 M
HEN. 20 HE ClIRAKE -7, TOEITKE F TIL9.7X107/cm® (§8
A D 80.8%) . KW T TIEL 4.9%X107/cm®> (BBAEEK D 81.7%) T
by, Ao TEETHAEIMETED N, £, KEMA
D TIXATE 16 H A & 20 H BIZK 28.0X10%/g(MRAFHED 2.1%)
BLO1.7X107/g (BAFHED 2.8%) R OEN, @A &b MA
SIEDHYBLD 1R Thole, ok, WMEAEZROY AN D ML 72
JE M B X P leiognathi . BT R I HEFH L 72 O M A 1T P
phosphoreum T & - 7~
KEBEBLUOKBETOIANFRIZBITSZLXRZ I VEORKEE

KEFB XOKG LI N"oEEsEHA. FHANEHRNS X OCERD
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AEIWCBITD e RAZ I E0OREELICET 2EER 1 OfHE %2 Table
2-1, EB 11 O R % Table 2-2 12T,

Table 2-1. Histamine development in each layer of the muscles of mackerel
stored in ice and at the temperature of ice (Experiment I)

Histamine formed (g/g)

Storage Inice At the temperature of ice
(égg) Outer Inner Ventral Outer Inner  Ventral
muscle = muscle muscle muscle | muscle = muscle

0 5.9 18.4 16.2 59 184 16.2

4 6.0 15.0 16.3 6.9 154 16.4

8 8.1 13.8 17.3 8.4 16.1 19.0

12 7.1 11.9 17.6 151 18.2 20.6

16 6.8 11.9 15.8 19.7 21.6 21.0

20 6.5 11.1 16.3 25.7 26.2 43.6

24 8.0 13.4 16.0 39.3 311 1241

The outer and inner muscles are layer from 1-2 mm and deeper 5 mm from the skin
respectively, and the dorsal muscle is layer from 1-2 mm from the abdominal walls.

Histamine was determined using the method of Tayloret al o)

Table 2-2. Histamine development in each layer of the muscles of
mackerel stored in ice and at the temperature of ice (Experiment I1)

Histamine formed (ug/g)

Stt?rage Inice At the temperature of ice
(é;mys) Outer Inner Ventral Outer Inner = Ventral
muscle =~ muscle = muscle muscle = muscle = muscle

0 6.7 18.0 16.2 6.7 18.0 16.2

4 6.5 16.5 15.8 7.8 17.2 15.7

8 6.2 14.1 14.8 8.8 15.2 15.5

12 5.2 13.3 15.3 8.8 15.2 15.5

16 5.7 135 18.6 8.2 15.2 17.1

20 5.8 15.2 21.0 10.6 17.3 21.9

24 8.3 19.0 28.6 12.9 19.2 24.1

The outer and inner muscles are layer from 1-2 mm and deeper 5 mm from the skin

respectively, and the dorsal muscle is layer from 1-2 mm from the abdominal walls.

Histamine was determined using the method of Tayloret al %)

ER I T KEADODWTNLOEAMNTSE 24 HEIOIFEK Tl e A & 3
VEICIIEEAEEME o, —H . KBRATIIWVWTNOEMTYH
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12 AEZHEELTCEeRZ I U E&EFBIML, FFICEBSHKN T 20 HE
UBRlz2af L7z, L2L, W KTH 12 mg/100 g THH, B AKX I
FEOBARE SN D 50 mg/100 g2 P8 (TXE Lo tz, EBR I
TIE, MEEAH A TIIOKEB KO0OkmE b, 2o &E¥Em %R~ Lk
B, O Thnolc, B, BAKOROE ZZ I VEITENTH
STeMN, ERIBLOIIOHREGE L, BHNEHA., BHHNIL X
HEAA R ADIRICE 2% I B L, FFiCEEsBmn itz
DIEIFZE L <Ko 72,

SEEE OB R X I U AERREE
SEEE O A X I UARKEE R Table 2-3 1277,

Table 2-3. Histamine formation by bacterial strains isolated

Bacterial strains 0';';’?;;% (Hgigsltla(;?)ian)
Luminous bacteria
Photobacterium phosphoreum 28 11.3-75.8
Photobacterium leiognathi 8 0.0-0.2
Other bacteria 183 0.0-0.3

P. leiognathi was isolated from mackerel before storage, andP. phosphoreum and other bacteria
were isolated from mackerel which formed histamine in significant amount during storage at the
temperature of ice. Histamine formation was tested with Moeller's decarboxylase basal medium
cotaining 1% L-histidine at 20pC for 24 h.

Bt L 72 P phosphoreum® =T OEERIZE 2 X I UAERRBEN A O 1,
Br#i 100ml 4729 11.3-75.8mg Th o7z, — 5., FEMEF A
P. leiognathi B X OZ OMDIEFICMHESBERIZTE X 2 I A KEEDN
W, BHoTH I ENE ST,

= %%

IEHDOIFMERT, KInAOHRWTIXI2HEEZEK E L AX IV
DAERINTN., KEATIIER SN o7, — . P. phosphoreum

12



N12 HEZBE L CIEECESMICHMAL ., FFIOKMARTIEHRW (N
) CTHLRIBEZMER LD, KEAOHKW CITERE ko 7m, £
7o, 2 BEHOIFRER CIIKERIBS L UkmA L bEHHN T XX 2
VINER ENTE N FOMITIKL . £ 72 P phosphoreum VX HEFE H K 7R
S, LIZAT, ERAZ I VOEMEZRB O M AN G 5B L 2 WK
D9 B, P ophosphoreum 727N EDOE AKX I U A2AEK L, BXME
P. leiognathi “ &GO ERIZE A X I 24K LW, Ak L
TLEDOERIFID Do T,

UboZ b, EBRIDODKBTOYANATEZERIZHED LA X I
WIZDOWTIX, & DO RKEDN P phosphoreum \ZEIK LWz b, £-%FE
B Il o, FRICHEBHN CTLOERPLRDILERAX I IT20TIE P
phosphoreum VSt DOMEIZ XV AR S, FEEOHEMIZEWZE O &
LEMLEEEEZ LN D,

& Z AT, Okuzumi B+ 7> 48 49,950 PRI B R
EIERNMEDOIRBHEEE A X I VARBEOGFEZREL TV D,
EZANEE, HEEOTICITIe AX I AL RICART S IER M
MR ITMER R o2, 22OV TIX Okuzumi & * %) 3B L -
EXAZ I VCAERMESBERASEMAERA R 2o I ERRERELE XD
N5, LarL., 20X 9 BEREEHZ T W72 oI R O 5 BB EE 2
KL< 22 LiEHoTh, &<Hlfcn eV LTVt Bbhs,
FEE, KL 48 yRIBREBEMEH AL TLEHOE AX I v
ARG 2 BEL TR Y. 32 Bk 20 BRERNMETH o2, AL
BEL7-FERCMBEOTICIZZBOE 22 I U EERTAEKITZR LN
TEBEMICHEHBELZEOE AXY I U EAKRTOIME T2 &
5 Th D,

Morii & 44 45 X 10CICHFM L 7= N0 R & Wk THOLME o
AFEELRAZIVOERBMERD TWD, — 7, KK TP REIZ R LM
WOEBDRONTZN, e XAZIVOEMITIerolz LTS, F
o, KBAORETCEIRIEMEOEFTLE A IVOER LA D TV
RN, EZAT, MEMORCMEOAFTITESREICKEIND,
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L7235 T MAKKIZE BKEDN P. phosphoreum O£ F 2 8 % & IX
TEERSBVEDL, L2rL, SEEYANAEHOWTHERIEE ToO
PP EBR AT o 72Dy, K E KB DOWTNDORKTY P. phosphoreum
DAFIRBRERINR ) oTc, — )7, BEEHANETIImATE O ¥/ T P
phosphoreum INEB LT, AEREAZIVOERBMNKE TOH AN
TR LN, o, AERIT2ETN1EROERRO KRG LI
Y NOIEEEN S X ETORE T P phosphoreum DK H I ui=H . 2 [A]
HoRABTIZa<mtiahlhrol, ZOZ b, KIRITEAICE
7 % P. phosphoreum®DEEFTB LR ZNICHET D e X2 I U OEFHEIC
L TIRIRE., BEolchzx, S6R22BBROBEGLZERZ N,

B #

RIRMEE X% I U AENRME ., $512 P. phosphoreum DA EF &L B 2 & 3
VHERETRARD 2O, KB (AEEEBOKPICHE) B X0UKkG (A
KEE=— NV WRIT AN TKFITHE) LT NI %A MR,
EAMEHRBLO e A I VEREZME L, 2 EOERBRZITV, %
BT CILAKIR AT A £ P phosphoreum D/EH & & A X I v DOEE %
RO, EBR 1L TIX P. phosphoreum D EF b A X IV OERED
DI,

EEMENEBTLEZER I OF AT, KEBLXOKBOWT R
R TIL P. phosphoreum D EFZRHT | BETIIR O, 72, B
BECIIKB LY NTIEIE R I VOAERBEHELZR DTN, KT

IRD ot IHlc, AL HBEEL, WEICHLEZEKT P
phosphoreum [ E WLV X)L Db AZ I U EAERKR LN, P. leiognathi
BROFEREME T A IV EFEHRK LRV, LTHILENTH

171

/]

> 77,

PLEXD KEAATICRFE L= N TlX P phosphoreum DEF R b
AH I VAP IE SN, P phosphoreum )N ERR) IR B A X
ERETHDLZ LT EDLY oz, $72. FOEFLE A X

71

N

171

NG
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ARICIRERBXOHESICMA, SR8 RNOBEEREZ LN,

% 33F Photobacterium phophoreum Dt A Z I VARKIZKIFT
=R O g
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i

i)

¥ 2 ¥ ClX Photobacterium phosphoreum ™ K& F CTHEEF L. F - IK
BEFER L7 Toe 22 I VARICERN2ERHZ R 2 L2~
s, FEFRICFRBEOHBRB L O X & I 0 OFERICITIRE &5
A, SORDIEBRESGENEET L L L, L2AT, BHELY X
iR AP E e 2 2 X ARG (N WREM ) OWRIEE &= & BEf W IR
EMVWTERAZ I ARICKETIRE, pH B X O NaCl REOXE L
ATV D,

Al ARIRIT B N O NS5 BE L 7o P phosphoreum O WV B R IC
Mz, EAERMEEEZH W, EOE A X I ARG TOIRE., pH,
NaCl IREB L OEEREDOEZE, BLIUCREOE 2 I VANEIC K
ETERESMNE., T 2bbEER, 7 Vva—ZARNMBIUOMEDIEDR
Hamir Lo,

171

M E ik

PR
FHB2ETCRLEERT, KF OV 06 5L 7 P phosphoreum
DH>HL, LA IVEREORbEP-TC 1 EHKE AW,

HAEOERE T COLEFTEOHE

b ARSI UVERICKIE TR ORELZ AN D ERICKHS Lo &
Sk, HREE 20C BRBEE TCOEWVEZR DL EBRITR)
T IS WM& (BEHB TOEVWEZHAND ERIIHR) %, £B5E%
600 nm TORIEEREIC L VR,

EHEERICL D e 2Z I U EROBIE
T E IR E O e A% I RIS TOWRE ., pH, NaCl 2 E B

JORBREOREICETA2EREE 2AX I UAREIC KT TEE K

16



DR BT H2ERTHWZ, BEHEMERIZ L-8E AF P 1.0%& NaCl
2.5%% WM L 7= Moeller M EsHL* 20 % H N 25°C C 24 Wy 8] 8 55 2% (5%
HIZET 2EBRIIR) LB oK Z ., =008 (8,000 [
B2 C 17 47) LTHED, 2% NaCl KEWR T 3 HEHF L THBMLEZ, &
ABIVAEBRKIGICET2EBRTIXI.GOoNTEHKE 2% NaCl KIFK
BB L, 2O 1IlnlZ 1InloL-BA2FTr (0.1 mg/ml:LERED
EIZET 2FEBMTIT 10 FEBEORE T 0.01—1000 pg/ml) B LW
2.0% NaCl (NaCl JREE D ZIZE T 2 KM TIX 1% MK T 1-5%) iR
N McIlvaine &% (0.1 M T pH I 6.2:pH O E|ZEH 3 5 EE Tl
0.5 Mk TpH5.56—7.5) LIRA L., 256°C (REDOREIZH T 2ERT
X 5°CHIME T 20-50C) oL TF CIES -, | FEfIfRE®%, 52D
WK TREH L, 4CT 15 0o (24,150Xg) L, o
EEoeAZ I &% Taylor D HFIE°?) TRIE L, B A ¥ I VAR
EHEIIBEE 1 gOEEN LRFFICAKRT L2 22X IVETED LT,

EAZIVAERBICKETHEEBOEEICET 2HERMTIX, 6 KFH
MIhEC 48 Bl & T.256C FCHFiE LIRS B LIS H AR Z R L
Z® 2% NaCl S 1 m1 Z 1 ml ® L-& 2F 2 (0.1 mg/ml) Bk
O 2.0% NaCl #*)I0 McIlvaine #& & (0. 1M T pH 1L 6.2) LA L.
25C G T 1R L S 72,

BAERMHKICL AP RAZ I VEROHE

FAMERIIH®HRAEOE 22 I U ARK S TOEE pH B X O NaCl
BEORBICHETIERLEE 2AX I UVAREICKIET 7L a— 2R
BRB LU HOBESEOREBICET 2 EBRTHWZ, B K
OB TIE, £790.2% L-e 2F T 25T SWP 2 HW (727
L. i~ 7 va—XRMOZBERRTIE, 2 0.1% 7 /= —
AWM EHFEAERICL D e AX I VAKRMEEROLA EREEICL
TR E/RZ, Zhnx 0.1 MEFERREREK (pH 6.2) 2@ L. KimL
N HEERM (I —F LTRSS toE7 0 UR-200P 2 H Vv, H
71 5 THEME) Lo, S DICHEREL =Ml i 2008 (17,000Xg
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T30%r) Th&, 2o EERZEEMEBKE LT,

ERAZ I VARKISICET 2R T, 0.5ml OFEEMMEK (KIS
BEANCARBE K CHEEICHRL CHA :NaCl JBEORBICET 5 LR T
ITHRBEN 1%ME T 1-5%) 2 L-8 2F > (0.1 mg/ml) % & e
McIlvaine 2% (0.1 M T pH 1X 6.2:pH D EBICEH T 2 EBR TIX 1
M@ T pH 4.0—8.0) 0.5 ml L{BA L., 25°C (IREDEEICEHT % HE
B Tl 10°CHIKE T 10—50°C) T 1 BRI &7, Bk TR %E
fZilk L, B AX I &% Taylor D FIE° Y TRELE, B A¥ I U4
FRIEME X E R 1 ¢ OFEMEN 1 FFRICAEKRT I IEARAZIVETEDL
7=

EAZIVAERBICRIET VL a— R EINEERO BB ICET 5 ER
TiX. 12 R R T 48 Kfffl £ T, 256°C N THiE L IC IR 8 ) b B
R H K ZHL L, 7, HBHOMBESTEDOREICET 2 ER TIX
20C T 24 IFRI RS R L7y, PR RITH A ER & L, X & 1T Gas
Pak % (BBL) & F W\ 7=, & W A& i 1K 0. 5ml % L-& X F < (0. 1 mg/ml)
%G de Mcllvaine £ (0.1 M < pH 1£6.2) 0.5ml EJEA L., 25C
T 1R BOG S H 7,

] F

EXFZIVOERKBIZRIETIEEDE

L3 2. phosphoreum D Ve E IR L OB A EKIZ L2 B X # 2
VHERKIERB XOCREOABTICKRIETIREOEE L Fig. 3-1 1R,
HREOABFEMWIRE X 25C T35 CULETITAEBT Lo, — 7.
b AZ I OA R R Ve R R T 35C AR K T 40CTH
S, T, MBABLOLENPTHEH TN 0CTHE XX I UDEKE
R,
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Fig. 3-1. The effects of the reaction temperature on histamine formation
by washed cell suspensions (O ) and crude extracts (@ ) of
Photobacterium phosphoreum isolated from mackerel. The washed cell
suspensions were prepared by washing harvested cells with 2% NaCl
solution and suspending the washed cells in the same solution. The crude
extracts were prepared by breaking cells suspended in an acetate buffer
(pH 6.2) in ice with an ultrasonic machine (20 kHz, 5 min) and
centrifuging (24, 150 x g, 15 min, 4bC) the broken cell suspensions to
remove the debris. The cells were prepared from 24 h cultures at 25 (for
the washed cell suspensions) or 20pC (for crude extracts). The cultures
were grown with Moeller's decarboxylase basal medium containing 1.0%
L-histidine and 2.5% NacCl (for the washed cell suspensions) or SWYP
broth*® containing 0.2% L-histidine ( for the crude extracts). The reaction
for histamine formation was performed at 25pC using Mcllvaine buffer
containing 2% NaCl, pH 6.2 (for the washed cell suspensions) or acetate
buffer, pH 6.2 (for the crude extracts). The histamine level was
determined using the method of Taylor et al .5 Growth (A) of the
bacterium in each temperature is also presented. The culture was
incubated with SWYP broth for 18 h.

ERXEZIVDOERKIGICRIET pH D

L3 P phosphoreumD WeiH WAL X OV WA HKRIC L2 A # 2
VERKIERB X OEEOABTICKIET pH DFEE Fig. 3-2127R-7,
Beb o #) % pH 23 4.5 LN COAEFITMEIZIEH <4, pH5.5—8.0 T
FREFRAEFZRD-. B AZ I VARORISERE pH IXEEEE B X
OEAEMEEO WIS pH 6.0 AEA KA T, pH 8.0 TIEAEEFENR
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WIZHBE DL T ERZ IV OERERD RN,

3 0.20

0.15

| 0.10

0.02 0.05
0 0

Fig. 3-2. The effects of reaction pH value on histamine fromation by

washed cell suspensions (O ) and crude extracts (@ ) of Photobacterium

phosphoreum isolated from mackerel. Growth (A) of the bacterium in
each pH value is also presented. The culture was incubated with yeast

peptone broth*® containing 2.5% NaCl in each pH value at 25bC for 18 h.

o
(e}

o
=

11y nowanninnvry

(mgdistaming/g

pH

ERAFZIVOERKIGICRIET NaCl BE O E

L3 2. phosphoreum D Ve BE IR L O BEAEMEKIZ L 28 X # 2
VERKIER X OEEOABTICKIET NaCl IBEOEE S Fig. 3-3 (1
AT, NaClRE 2—4% CHEBN R >7-, 1 BL WU 5% TIXAEFR R
EL<IMHI SN, 0% TIEEBE Lo, RFHEEKICEI D A X I v
ARSI RIET NaCLIBEDOEBIIATOL G L IZEREKETH - -,
— 0, WIRMERIZ L D e A X I BRI NaCl IR TR R E2D
NaCl J& £ DB I E VIR L. Wi E R OS S & ITR 7R - 7,
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Fig. 3-3. The effects of the reaction NaCl concentration on histamine

fromation by washed cell suspensions (O ) and crude extracts (@ ) of

Photobacterium phosphoreum isolated from mackerel. Growth (A) of
the bacterium in each INaCl concentration is also presented. The

culture was incubated with yeast peptone broth*) in each NaCl
concentration at 25pC for 18 h.

ERZIVOEARRIBICEIETERERE ORE
B P phosphoreum D PEHEIKIC L D e A% I AR KN IZ X IE T
HEE (L-e 2AFVV) BEOR2 % Table 3-1 12”77,

Table 3-1. The effects of the reaction histidine concentration on histamine
formation by washed cell suspensions of Photobacterium phosphoreum
isolated from mackerel in both reaction temperatures

Histamine formed

Histidine added (ug/g cells/h)

(Hg/ml)

0bC 25pC

1000 392 1,574

100 37 165

10 25 46

1 23 32

0.1 22 29

0.01 21 28

Histamine formation by washed cell suspensions: see Fig. 3-1.

FOGIREN 0 B XN 25COVWTRLOLED ., KEO LA F UV URE
8 1000 33X 100 pg/ml TIRE XA F VU EELAERENTEZE XS
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CEICHBEMERN RO N, £, EFEERICEIS e A I AR ER
0CT%H 265CD 1/4FLEH - 1~

ERAZIVAEARBIIERISETEREBOEE
H3E P phosphoreum T DEEZIFR OB WICE S EEEHE O B R

2 IR EAEFMME Fig. 3-4 12T,

0.20

0.15

0.10

0.05

0 3 6 12 18 24 30 36 42 48
Incubation time (h)

Fig. 3-4. The effects of the culture age on histamine formation by

washed cell suspensions (O ) of Photobacerium phosphoreum isolated
from mackerel.

A growth curve (A ) of the bacterium is also presented. The culture
was incubated with SWYP broth at 25pC.

THEAEO e 2 I AEREBITSEEER TR REny | URIX
WmAaIZIRT L7,

EXAFIVARBRIEET I Va—ADEE

W3 & P. phosphoreum® 7' )V 22— ZA¥RINEB L VRN EZ 2% T O H IR
MO e 22 I AR, R # K O pl 3 & OVFEE; H T o A4 F il i
% Fig. 3-51Zm7,
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Fig. 3-5. The effects of the presence of glucose in the culture media on

histamine formation ( @) by crude extracts of Photobacterium phosphoreum
isolated from mackerel, variation of pH value (M) in the culture media, and

growth curves (A) of the bacterium. The cultures were incubated with
SWYP broth in the absence (A) and the presence (B) of 1% glucose at 25pC.

Bedg 12 M E Tl a— A BIRMEEE LV IRINEEE CTABE LM
fil Sz, 7 v a— A MIRMEFE CTIL pH 28 —KEAYIZ pH 5. 47 £ TR
LRI ER L, —FH., B 2Z I UAREITZBRAICTIED 2R
ER USRI CTRARE -T2, a3 — RIRIMNEE#E TIXEE 12 K
HCpHIZS5. 15 FTIRTFL, REMICATRECTCEZELL, —FH., t
2RI EKRENITALR L, 12 REEE CIZ 2L a— 2 EIRNEE %
TORKMOK 2 f5ICEL, LIRIFE T LE,

EXZIVAERBIRETRIESEOR

BB P phosphoreum d i 5K L ORI 3 CO BRI O B 2
ZIUEREBEFAERRE T COLEFMME Table 3-21277, £F
BCTIHARERIRAEEO 3B Th o722, o B R E o
ERAZ I AERBIREAHE CEFRERTORN2HETH -,
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Table 3-2. The effects of the oxygen tension of the culture on histamine
formation by crude extracts of ~ Photobacterium phosphoreum isolated from

mackerel
. Growth (O.D. Histamine formed
Condition 600 nm) (ug/g cells/h)
Aerobic 0.75 599
Anaerobic 0.25 1,229

Histamine formation by crude extracts: see Fig. 3-1.

Anaerobic culture was incubated with SWYP broth*® containing 0.2% histidine using
BBL anaerobic jar and Gas-pack anaerobic envelops and aerobic culture using a rotary
shaker at 20pC for 24 h.

s £

BRSO (X8 L IRIE AR YEE (BAE P phosphoreum |2 F &
ENTWVWEINAF VA —BHME) olmEEEIcEs e 24 I U ARK
IS O EHIRE A 35—40CE L TCWb, S yEEL 7 P phosphoreum
(X X —PEtt) omEEEIcE s e 22 I VARKIEOE#ER
EHINEIZIERKD BCThoTe, LT AN, FEIXI OWRETIX
AEFETERY, —J, AEOEEMEEIZE 2 22 I AR KE O
FEHBEED L EIZIEREBED 40CThHo7z, D b, P
phosphoreum DFIITAEFTH KL WVWE WIRE THIERICE XA Z I U %
AT D, Fo. HEREOREFRHEKICK D XA ¥ I U AERKIS O E #E
BT PR B Escherichia coli®®) 2 Proteus morganii®®’ 708 &
FEkCTHY ., AFRERE L OBEMEIIR O R o7z, &2 AT,
W DRE TR LM LS E IR CIX, P morganii® *°) X L.
coli*® TIHABTEHRBEL VKWV 25CHI B THRELRHE L 2REH
KT AX I VAEREEITIRRNERZD BRBRENELIRDIZONT
ZOFEMHITER T TN T WD, ZHIEAREESR OPEATE TN 25°CHi
“BCTlRRKERDZIEERBT S,

e O Ve R IX SO pH 28 5.5—6. 5 OEEPEIR T A X I AR
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EHERELS, EREERER THLo T pHT UL ETIXAR L 72, BEH O
REMEE A I VAREOREFEAEOE A X I VARKISDEE pH
X 5.4%)  FiEME 2 X I UARBED P morganiiT 2% P. vulgaris
7 TH pH6.0-6.5 TH D, Eo, WITR L T B UMAITEOIEM X
AWMICIETLTCEBY, SEIOFEREFELEZ, —F ., MEEOE K
HiEO e AX I VARNEOEM pH © 6.0 Tho7z, LLEDZ &

. B EEOBER TOEWE 2 X I UAREM T HDC O KOS E
pH # KW+ 5%, &L 2 AT, P. morganii®  *°) %72 % pH T L /-
Yate., B A I UEREEIT pH SRR TR ERD | 853 pH D LFIZ
FENZEOEMEIFIETT 208, pHTHHLWVWIEENRUL EOT A B UHETEH
MWD EWIEEE RS, DFE 0 HDC 2 ELEFE T D200 EE pH 1X
HDC D i pH LT B 5 L flr iz,

b A X I UERRBOGIC RIE T NaCl B JE O 25\ Tk, e E IR
TIL 2—4%NaCl Tk A ¥ I UAREER®m . 1B LT 5%NaCl TiX
ZOEMEIIm O TR -T2, THITEBTOEmEFHEMLEZ, —F, E
R TIX NaCl IR T A X I U AREEN KK E 2D | NaCl
BEDOHEMICENEOIEMHEIZHEHR L, HFEEOEA & IXR 2 57,
ZoRERIE, ERE O HDC NEAE T TIEIM L OREFEHZ 2T T
Ll EERLTEBY, tREOe 2 FZ I U AKEEELST H —HK
ELUTCTHIREY, L Z2AT, BEEL Y NMURGHEMEE 2 ¥ 2 A KM
O XS I A REME & PRV R T A AN TR R TR, NaCl IS &
LDIEEDERZEO T, SRR ELITRLR - T,

ERAZIVAERKBICKIET L-E AF U UBEOREBEICHONTIT,
ZOWEN 100 pg/ml L ETIHBEEICHA L T AZ I AKEDH
ZTe, AT, 20Ot AKX I UAERIEERE LRI TR K E
mko:@:k#%ﬁpmmem@ﬁmﬁam%@Fuimtx
FUVREZRBHTEDL L, BETHITZ OREN HDC D PEAT
M BEREERELEZOND, L2 AT, Gale?® X £ coli Db
ATV UBMRBENEHMPIZHRNMLEZEATF D UEIZISCTHEED &
L. £7- Eitenmiller? ') 1% P. morganii TIXEEH DO v 2 F 2 B
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M 0.07T% TR KO AHX I VARKEZRLIZELTWD,

E2AZ I VAERBICKRIET L a — 20BN TIE, S a—
AURINEE M CIX IS M b R T A ¥ I UARBEIIBRD THE < 7k
D, E-pHOBWMARR T EETOEFTMH A RO, ZHIE 7 =
— AWMLV MO pH AR T L. ZOREE LTEFOMEE &R
HIVERBO EFREZ /B2 BND, Gale®® (X £ coli T
X7 a—2ARMBEETE AX I VARENETZ L2 BRRTWVS,
Flo, KIGE~O 7 v 2 — AN TRBEFEIE IS ES R o
ST Zlnn, AL a— ZRMICHES REZREED EFIco
WTIHE, Zva—2RZ0bDIZERT 50 TIER L, pH DK TIZER
THELTWD, —FH, 52 X7 03— A RMICHE DS FEEFE O E
AT pH DK T TEHFH I AW E LTS,

EAX I VAERBICKETEHEMOEFBEDOEEBIZ OV TIE, HX
BBIIFRAEREICHE_NTE 242 I U AKRBIZAEICE > 7=, Kinata
520X P omorganii TIXBAE B IIHAIEESCHRAERICHATE
AL I VEREITD RS TORKITHC ABRFEICEI Y oL L < I
REMHILEND D E L TWD, £/, Ferencik??®) (X Hafnia sp. T
FHRAERIIFREELVE A I VAKREBIESHTHDL E LTS,
—J . Gale?® X E colilT kD AZIVAERBENEIBLOHEKT
THEREWIZRP T LTS AL TH, BIERO R 25 HDC
T2 OREEAL TR, BEERE XX I UVARMEIZ SV TR
8 2 2R BT T 2T O MERH L EEBbD,

J

B #

(IR AT F O Y "S558 LT P phosphoreum® Y% H 16 & 5 Hh
MK O 24 I ARKS TORE, pH, NaCl JREHB L OEERE O
WE O BIOFAEOE A I VAEREICKETTHEESSG. 7 2bbE
‘i, 72— ARMB LOREDEOZBIC O TH AT,

R EOAEFEMIEEIX 25CT, 35CU ETITABT Lo, —
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Ji. e A X X O AR R B XV R T 35°C, B AR R T 40°C
Thoto, BEMOWI pH 2% 5.5—8.0 TIERHFIZEEFEL, 4.5 LLFT
DAEFEIIBEICHH Sz, B A% I AR EREEKD X OHE K
Mk & HIZ pH 6.0 FFILTHRRAKTEARD, pH 8.0 TIHEERRWVIZDH
MbbPFZAmaERORno7-,NaCl #BEF 2—4% TIXAEF N B I T,
lBRO % TIEFELIMAFIESN, 0% TIFEFLRN ST, /9@@-{7’;
XD e AZ I UAERICKIET NaCl BEORBIIAFTOLA L IF
FEECTdh o oS IR O %A 13 NaCl IR TR A ¥ I AR
PERE R E/R D NaCl BE QBN NI L, REFEEOSHE & 1T
Bipofc, RE O 2 ¥ I AERBII S BIEMER TR R ERY
UBIEFHRAICE T LE, 7V a—ARNERECTE/BO pHIE T &EH T O
AHEME Z D=2, HDC PEARE D e KAE X 7V =2 — 2R NN EE 38 O
F2fFICELE, AR ECTOMRE O HDC EARITHFREROLN 2
B Eirolz,
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% 4 FE  Photobacterium phophoreum ® —_-D>D b AF ¥ ‘/H}Eﬁﬁﬁ%%
DEREZDERICRIETEERE D A

i

s

¥ 3 ¥ TlL. Photobacterium phosphoreum ® t A X I AR EE.
bbb AF U UNIREEEE S (HDC) O PE A RE 3 85 Hi D ik 55 43 JE 1T 2
ENDHT EHEBRARIZN, HDC IZKIETHEORBICEL CIIMEXT S
RN EI R TWD 22 2539 F 7= (L3 o @ Rl H IR & 3R
fr Lz & &0 PRAF S M) T (A0l R 1 o HDC 3 PRI T 3 2% 25 LURE
FEE—EEL RN, BEERDRZRDEEO HDC DF/EZ T
M, Fl, TNETITWESINTWD HDCIFHIAN RS Y I+
— Wz TH Y. Klebsiella planticola @ HDC IZ DWW T X A ~v— &
AV I —D2O0DFEHERPPEINTNDH2T 2200807 2 = ¢
KEETIX P. phosphoreum ™ HDC DL ME L e R D EBIZ DWW TR L
77

MEE Tk

M., BB XOEFELRHE

HRE L LTI KB LY N6 508E L 7= P. phoshoreum NUFM 262
e Hwic, fREOREICITET . B XAF T R SWYP iK1 5 #
[0.5% X7 F_XF k> (Difco).0.3% BERE= F XK (Oxoid) B L O
0.2% L-t 2 F ¥ (Fit) & 75% Rk AWK I % (pH 6.2) 1%
Ay, REIZSCTCL-EXAF U UOBEBRMTHERLLE, £/ L20
RV 20CT 24 BFRIEE & L7z, FREERITFHFE. HEBIOEET T
Tole, B EEIHAEAPEE BB INOIBRESL L, EEBHE
I 120 B IO 133 [\l#E 4y (EEL6.7Tcem) TITo7o, BEREEERIT Y X
Ny 7 (BBL) ZHWIZHA Y ¥ —FITHHE L TI1T o 72,



BRLMBENSETHEET LI P. phoshoreum O B & H#K © HDC &M D
B &

HRE OB IIRKHE., FRHEL LR EE (120 B 4))
TTiTo7e, AFRIFHEEOWE (600 nm W) & Mliaie & & T
WEL, HDCIEMHITMEoRER (g) BIOHEKRSE (100ml) X4
7= OFEMHETRLE,

B R B H R o 5
HEEOEEEIZ 500 nl =A 77 A3 |2 A7 200 ml Db XF T
VUSIN SWYP R AR BE &2 B v L 1 [B] 45 o B Rl R oo 5 BT 1 W R RS R

#% 800 ml & M Wiz, WO FIT, EFFEKEE L -E KL=
L4y B (13,000Xg T15%4y) L. A &E®D 0.1 MEFEERE & (pH 6.2)
R L7, RIS, BMBEEZKG LA LBERME (FI—KTI
A =4O F 7 L UR-200P Z H v, M) 5 THEWE) L7z, Ml L 72
faWr i 2z om0y B (17,000Xg T 304y) T, 0 EIEK % & K Hh
HiR L Lz,

HDC & M @ #l & %

BERWR 0.3 ml, 0.1 MEFEEAE®E K (pH 6.2) 0.5 ml B X550 mM ¥
FAE MLV A F— (DTT) HDHWITAEK 0.1 ml DEEWIZ, 0.1 ml
DL-tAF UK (10mg/ml) ZHML, EHIZEE LE®E, 25C
TR E® 7o, RSIEWHEAKFIC 5 o MIET TE L Le, xR
L-E 2AF P UImMATICEREELZMBARESEZ, £ 2% I X
Taylor ®J53E° ) CHIE Lz, BEFE 1 HALIX 25°CC 1 BFRIIC 1 pmole
DeRAFZ IR ToMEREL LT,

FUNRIEEORE

2 NGB Lowry 1Y) THIE LT, FALABI T AL DT
Hid D & 2 2% 7 B RZ SOV T 280 nm O WG FE & 7=,
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FAHBIEBHCOLHEE S FREDHTE

EAMEHKEO 7 ml % 0.02 M FefgfE@E K (pH 6.2) T¥ffkL =
Sepharose CL-6B 7 7 AlZHEE L (EE 2.6, @& 96 cm) ., [FIFE &K
TREMALZ, R LRWRD | EEKRICIZ5aMDIT ZEEG L, Ml
31.6 ml /FFR TR L, WHIK® 7.8 ml Z4rW L7z, HDC ® % 1 =
XF o s a7y (MW : 669,000), 7= U F > (MW: 440,000), & %
77— (MW: 232,000), FifmyE7 7> (MV: 67,000), ¥ VY
T A (MW 25,000) BEXUIN-2,4-Y=hua 7 = L-L-T 7 =
> (MW : 255.2) EOMIIBEHEENLHEE L2,

BEROZEMERR

W BN 7 A X O-20CHRAF 21T D W iR o 2 &Mk
WM AP R ER (120 [IEE 7 4r) 36 X OV &UHH & 5% & B iRl i ik = &
AL THONT o EEEREOLEMHEITKIET DIT ORELZ T,
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Fig. 4-1. Growth curves of Photobacterium phosphoreum incubated
in SWYP medium containing 0.2% L-histidine at 20PC under different
oxygen tensions.

Growth was monitored by turbidimetry (A) and gravimetry (B).

Growth conditions: B, aerobic shaking (at 120 rpm); A, aerobic
stationary; @, anaerobic stationary.
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Fig. 4-2. Changes in histidine decarboxylase formation by
Photobacterium phosphoreum during growth in SWYP medium
containing 0.2% L-histidine at 20pPC under different oxygen tensions.
Histidine decarboxylase formation is shown as a unit of the enzyme per
volume of broth culture (A) and unit of the enzyme per wet weight of
cells (B). One unit was defined as the amount of enzyme that formed 1

pmole of histamine at 25PC for 1 h. Growth conditions: B, aerobic
shaking (at 120 rpm); A, aerobic stationary; @, anaerobic stationary.
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7 111 B3 i3 E OWHALE (N-2, 4-DNP-alanine L D E EH L.
fahkoex 2 IvaeghtfEIND) b, HIC OFEHEYEY —27 T
ETH 0GRV, E—7 THEGOEEHITHRKGFE. B, B,
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Fig. 4-3a. Sepharose CL-6B gel filtration of the crude extract of

Photobacterium phosphoreum grown in SWYP medium containing
0.2% L-histidine at 20pPC for 24 h under anaerobic stationary condition.

—, histidine decarboxylase activity; ---, absorbance at 280 nm .
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Fig. 4-3b. Sepharose CL-6B gel filtration of the crude extract of

Photobacterium phosphoreum grown in SWYP medium containing
0.2% L-histidine at 20pC for 24 h under aerobic stationary
condition.

—, histidine decarboxylase activity; ---, absorbance at 280 nm .
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Fig. 4-3c. Sepharose CL-6B gel filtration of the crude extract of

Photobacterium phosphoreum grown in SWYP medium containing
0.2% L-histidine at 20pC for 24 h under aerobic spinner condition.

—, histidine decarboxylase activity; ---, absorbance at 280 nm .
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Fig. 4-3d. Sepharose CL-6B gel filtration of the crude extract of

Photobacterium phosphoreum grown in SWYP medium containing
0.2% L-histidine at 20PC for 24 h under aerobic shaking condition
(at 120 rpm).

—, histidine decarboxylase activity; ---, absorbance at 280 nm .
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Fig. 4-3e. Sepharose CL-6B gel filtration of the crude extract of

Photobacterium phosphoreum grown in SWYP medium
containing 0.2% L-histidine at 20pC or24 h under aerobic shaking
condition (at 133 rpm).

—, histidine decarboxylase activity; ---, absorbance at 280 nm .

EXAF U URMEMERH Y, BB ESET TEELE P
phosphoreum @ FE K H IR 2> 5 7 /v A3 T o HDC O [ ILEE B % Table
4-1 12”7,

Table 4-1. Recovery of histidine decarboxylase on Sepharose CL-6B gel filtration
of the crude extract from Photobacterium phosphoreum grown in the presence of
histidine under different oxygen tensions

Histidine decarboxylase activity applied

Growth condition Total Specific Re(co%ery
(units*) (units/mg)
Anaerobic stationary 23.8 1.22 68.3
Aerobic:
Stationary 23.6 0.93 60.1
Spinner 15.1 0.16 36.3
Shaking (at 120 rpm) 19.5 0.29 10.8
Shaking (at 133 rpm) 22.9 0.22 11.2

Culture was grown in SWYP medium containing 0.2% L-histidine at 20 °C for 24 h.

* One unit is defined as the amount of enzyme that produces 1 1 mole of histamine at 25 °C for
1h.

B EEZRE, XU X7 &Y O HDCIEMER X O OB
BRARRE . IFRERE ., PR, R E (120 [MEs / y) B KO
SR (133 [ElEE/53) KRB ORI T L7z, B FhE & CH 2B K
OIS F A TO HIC OEIILHRIL 68.3% THh o722, £D
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Fig. 4-4. Sepharose CL-6B gel filtration of the crude extract of
Photobacterium phosphoreum grown in SWYP medium (the
absence of L-histidine) at 20pC for 24 h under aerobic stationary
condition.

—, histidine decarboxylase activity; -+, absorbance at 280 nm.

Table 4-2. Recovery of histidine decarboxylase on Sepharose CL-6B gel
filtration of the crude extract from Photobacterium phosphoreum  grown in the
absence of histidine

Histidine decarboxylase activity applied

Growth condition Total Specific Re(c(:)z\)/ery
(units*) (units/mg)
Aerobic stationary 4.8 0.19 18.9

Culture was grown in SWYP medium at 20 °C for 24 h.
* One unit is defined as the amount of enzyme that produces 1 4 mole of histamine at
25°C for 1 h.
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R EERE LT P. phosphoreum 7> 5 O B (& il 18 ® HDC & P D %
EMEIC KIET DIT OB B O R % Table 4-3 127”7, 4CT 7 A [#
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Table 4-3. Effect of dithiothreitol (DTT) on the stability of histidine decarboxylase of the
crude extract from Photobacterium phosphoreum  grown under aerobic stationary
condition

Enzyme activity (units* X 10)

Treatment Absence of DTT Presence of DTT
Before After Before After

treatment treatment treatment treatment

Cooling at 4 °C for 7 days 1.76 0.00 ( 0.0 1.87 1.13 (60.5)

Freezing at -20 °C for 7 days 1.76 1.11 (63.2) 1.87 1.58 (84.7)

Dialysis at 4 °C for 18 h 0.86 0.33 (37.9) 0.86 0.43 (49.8)
Gel filtration on

Sepharose CL-6B at 4 °C 24.47 1.61( 6.6) 71.40 42.6 (59.7)

Culture was grown in SWYP medium containing 0.2% L-histidine at 20 °C for 24 h.
* One unit is defined as the amount of enzyme that produces 1 1 mole of histamine at 25 °C for 1 h.
The data show the total activity in the gel filtration and the activity per milliliter of the used sample
in the other treatments, and in parentheses the percentage of the residual activity per the original
enzyme activity.

v— 2 14 & 11 B O HDC {E M DL E I KIE T DIT D%
HFRIEGR X OBR i E & LT P. phosphoreum?> & O B &l H &
EALAHBLTESNT 220 HDC M4y O % @M IE T DTT O #%8
RO FER % Table 4-4 12777, fFRIRE I L OB #RE 55 28 5 (8 fih
HioWFhb =27 Tl & ITM4 L DIT TR EZEZ R LI,
DFED ACTT7THMOBE T.DIT EFIMMTIXE— 27 1 W% @ HDC IE M
X 50%FER LN II H4 Tk 35%REE THA L, i) DTT RN
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Table 4-4. Effect of DTT on the stability of two histidine decarboxylases of
Photobacterium phosphoreum  grown under aerobic and anaerobic conditions

Enzyme activity (units* %100/ ml)

After cooling

Growth condition Peak Before at 4 °C for 7 days

cooling Absence Presence
of DTT of DTT

Aerobic shaking I 1.83 0.80 (44) 0.40 (22)
(at 120 rpm) I 0.76 0.24 (32) 0.73 (96)
Anaerobic I 1.20 0.67 (56) 0.16 (14)
stationary I 7.18 2.68 (37) 7.13 (99)

Culture was grown in SWYP medium containing 0.2% L-histidine at 20 °C for 24 h.

* One unit is defined as the amount of enzyme that produces 1 u mole of histamine at 25 °C for
1h.

The data show activity per milliliter of the used sample and in parentheses the percentage of
the residual activity per the original enzyme activity.

B—7 THEsGE ITESDO HCEEORERICKRETENORE

HRIEER X OHREER®E Lz P phosphoreum?™ B O T 4l H &
EALHBLTESNT 250 HDC Fi4y DR EMEICRIETHE L BT
DRBERBR O R % Table 4-5 1277, 723, 4 [\ HDC M4 O % E
PEAC B AE 4% 0 R BRI, HDC [ 4y D 22 E RIS M IE T B AT 0 B
RO HERBR E L TITo 70, FXIRE B L Ok H B 55 2% R Hh
HOWTNEH ACTISKHGEM L —27 Tl & ITHE L O4C
T I8 MR BHT L7 — 2 1T W4 Tix HDC {EMED 90% UL E AR & 1
T2 4C T IS HFMBANT L7 — 27 11 M4y CTid HDC 3E PRI 52 &I R IE
L7,
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Table 4-5. Effect of dialysis on the stability of two histidine decarboxylases of
Photobacterium phosphoreum  grown under aerobic and anaerobic conditions

Enzyme activity (units* X 100/ml)

Growth condition Peak Before After cooling at After dialysis at
treatment 4°C for 18 h 4°C for 18 h
Aerobic shaking I 1.83 1.68 (92) 1.62 (89)
(at 120 rpm) I 0.76 0.69 (91) 0.00 ( 0)
Anaerobic I 1.20 1.12 (94) 1.13 (95)
stationary I 7.18 6.54 (91) 0.00( 0)

Culture was grown in SWYP medium containing 0.2% L-histidine at 20 °C for 24 h.

* One unit is defined as the amount of enzyme that produces 1 ¢ mole of histamine at 25 °C for
1h.

The data show activity per milliliter of the used sample and in parentheses the percentage of the
residual activity per the original enzyme activity.

BP— 7 THEHSE IITESO HC Oy F&
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Fig. 4-5. Estimation of molecular weight of histidine decarboxylase
from Photobacterium phosphoreum by Sepharose CL-6B.
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Fig. 5-1. Typical elution profile of Photobacterium phosphoreum
histidine decarboxylase from a Sepharose CL-6B column. Crude

extracts applied to the column were prepared from P. phosphoreum
grown in SWYP broth containing 0.2% L-histidine at 20pC for 24 h
under aerobic stationary conditions.

—, histidine decarboxylase activity; ---, absorbance at 280 nm.
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Fig. 5-2. Typical elution profile of Morganella morganii histidine
decarboxylase from a Sepharose CL-6B column. Crude extracts
applied to the column was prepared from M. morganii grown in
YP broth containing 0.2% L-histidine at 37pC for 24 h under
aerobic stationary conditions.

—, histidine decarboxylase activity; ---, absorbance at 280 nm .
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Bex REERELMHBETHEEB LT P. phosphoreum ® HDC & M

BRx iR, pH 3 KO NaCl R R THiZ&E L 72 P. phosphoreum O A
K HE D % 7 & &, HDC ORIEMEE HFEEB IO L5 T
Sy [ U 7= A B ) HDC & F5 &  HDC O EI A & 4% % Table 5-1, 5-2 8 L O
5-3 ({27,

B WETTHERELEZEAEL D OMMEIKEIZE L TiX (Table 5-1) |
HDC D EEiEMEIL 7°C THRER LCEE TIE&E b m <, 15 C—25°C & W
RS ZHITHEE ., 4°C & 2T°C B E R TIEM D TR o 7o, F 7oAk
) HDC & 35 HDC O FI A Z L 5 & 7C—25°C BB A K TIXFH 4
HDC 78 83—93% % (5 &% &M HDC O E & 1F T°CHEEEK TR b E L M
STc, BB ABIOP2TCHEEEAETIIFEM IDCIZTZNLZE N 61%F
FTO3THTIE T L, A°CHEBCIEHABTHEDOIK FI XV 27°C 15& Tl
EFMEI BRI,

Table 5-1 The effects of growth temperature on the formation of constitutive and
inducible histidine decarboxylases from Photobacterium phosphoreum

Tem-  Incu- Crude extract % activity of HDC
pera-  bation = Protein Total Specific Constitutive  Inducible re?oegry
ture  period content HDC activity enzyme enzyme (%)
(PC) ' (days) (mg) = (units*)  (units/mg) (%) (%)
4 9 24.2 7.1 0.29 39 61 60
7 3 25.7 37.9 1.47 7 93 65
15 1 27.3 17.5 0.64 11 89 64
20 1 26.3 16.3 0.62 17 83 54
25 1 25.8 17.2 0.67 11 89 55
27 1 19.4 5.0 0.26 63 37 64

HDC, histidine decarboxylase.
* One unit is defined as the amount of enzyme that produces 1 u mole of histamine at 25°C for 1 h.

B/ % pH THIE LW E b O I B L TIX (Table 5-2) , HDC
DOIEMEIX pH 6.0 TOHEEREEL TR bE< . TN T O pH TOE &
HATEHABIZIEK T L. ZNU EO pH TORERHK TIIHRAIZEKTL
oo TR EDO e 22 I UAEREN pH6.0 THRO®m . TNET
TIEHAMIZIETL, 2R ETEHBRAICETT S22 A2 R LTWDS,
pH5.0 —8.0 TOH & TlX., pH ® EFHIZHEWFEE M HDC @ E & A HE N
L. pH DK FIZfEWNE ORI EGIZWA LT,
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Table 5-2. The effects of initial medium pH level on the formation of constitutive and
inducible histidine decarboxylases from Phtobacterium phosphoreum

Crude extract % activity of HDC HDC
pH Protein ~ Total = Specific Constitutive Inducible recocery
content  HDC activity enzyme enzyme (%)
(mg) | (units*)  (units/mg) (%) (%)
5.0 22.0 1.0 0.05 27 73 60
55 30.3 6.8 0.22 25 75 56
6.0 334 20.7 0.62 17 83 54
6.5 29.5 12.4 0.42 17 83 60
7.0 28.3 10.2 0.36 19 81 59
7.5 27.6 6.7 0.24 3 97 58
8.0 28.0 5.0 0.18 6 94 55

HDC, histidine decarboxylase.
* One unit is defined as the amount of enzyme that produces 1 u mole of histamine at 25 °C for 1 h.

$72% NaCl IRECTEELZEAE» L OB IKRIZE L TIiX (Table
5-3), HDC @ HLiEMEIX 5% NaCl TOREEEIK THRIZE <. 1% 3B KO 3%
NaCl BB E RN 2 Ick W72, £ 72, kK HDC & 3 E Mk HDC o F &
DL B NaCl IR E DS EFH-9 512254 TahE M HDC D FHI &1L &
WACHEM L, £V FFEME HC OFIE X 1% NaCl F5 B E AR TIL 6%TdH
S 7=, 5% NaCl H(EEMK TIX 97% Th o7, £/, WBAKOMNRDY I
NaCl Z W/ TEELZEAELL OB TIZ, 745 TO
HDC ORI N ZE L @hrofe, 728, 3% NaCl fFEFCTlHRbORERWAER
R L., 1%B X 56% NaCl TIEFETABTIZE T L,

Table 5-3. The effects of medium NaCl concentration on the formation of constitutive
and inducible histidine decarboxylases from  Photobacterium phosphoreum

Crude extract % activity of HDC

NaCl . - o . HDC
(%) Protein Total  Specific Constitutive  Inducible = recovery

0 content HDC activity enzyme enzyme (%)

(mg) (units*) | (units/mg) (%) (%)

1 16.9 7.1 0.42 94 6 84

3 25.5 8.2 0.32 40 60 89

5 20.3 22.1 1.09 3 97 86

HDC, histidine decarboxylase.
* One unit is defined as the amount of enzyme that produces 1 ¢ mole of histamine at 25 °C for 1 h.
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P. phosphoreum 7 & FHH U 7= # s #Y HDC L FHE M HDC D IEMHEIZ R IF
TIRE. pHBX O NaCl BEDE
P. phosphoreum 7> & JA % LU 72 # i 89 HDC & 35 ¥ 4 HDC O IH 12 &I

TIRE pHB XU NaClIBEOEEBLZHLHEEE2 . 2N FH Fig. 5-3,
5-4 33 X N 5-5 127,
Fig. 5-3 17 XL 9. EPE HDC & RS RKAY HDC O &8 38 15 1T & ~

30°C & 40°C Th o7z, Fo, HERLH) HDC IXFFE M HDC 12~ KV & ik
T, E M HDC LA AR B HDC IZ X X W RIR CTIEA L. FFIZ#5 E % HDC
X 0CTHRAIMED 25% DiEMZ R L T2,
Fm.&4m%ﬁd:5mﬁ%ﬁ%mm%ivf B PEHDC O % pH 13 4% %
6.0 £ 6.5 Tdhol-, £/, pH5.0 TIZF MM HDC N e < JEMEZ2 R &S
PR o TS, HERY HDC 1T i KAE DK 40% D iEMEZ /8 L, #1Z pH 8.0
TIEHERA) HDC X R IEEZ R I o 7oA, 758 M HDC 1T i KfE
50% F& FE DM & o~ LTz,

100

75

50

0 L L L L Py
0 10 20 30 40 50 60
Temperature (PC)

Fig. 5-3. The effects of reaction temperatures on the activity of
constitutive and inducible histidine decarboxylases from
Photobacterium phosphoreum.

O, constitutive histidine decarboxylase; @, inducible histidine
decarboxylase.
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Fig. 5-4. The effects of reaction pH levels on the activity of constitutive
and inducible histidine decarboxylases from Photobacterium phosphoreum.

O, constitutive histidine decarboxylase; @, inducible histidine
decarboxylase.

Fig. 5-5 2”4 XK 912, #EAY HDC B L OVFF &M HDC & ¢ NaCl
DAFELZWIRETIEEEREDE . NaCLIBEOHEMIZENENLL O
EMEITIR T L2,

100 +

5

50

25

0 ! ! ! ! ! !

o 05 1 15 2 25
NaCl (%)

Fig. 5-5. The effects of reaction NaCl concentrations on the activity
of constitutive and inducible histidine decarboxylases from
Photobacterium phosphoreum.

O, constitutive histidine decarboxylase; @, inducible histidine
decarboxylase.
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s %

M. morganii 70 E DEEH DO A Z I VARKE O HDC |TFEM: & & %
SN TWA20 27 AE ik U M morganii b 55 M HDC % pE/E
L7=o M morganii 7 ¥ O b A X I UARKRE NN 72 HDC 2 A L 72
WEWHIBBEITIRS =60, SRR L7z M morganii i %
PEE LR holc, LU B4R, P phosphoreum 34 i% #) 72 HDC
APIEA L., TOREENRBE I,

A\, P. phosphoreum I% 15°C—25°C ffIT TAHEFTIZRL . T T
TIHABTIEEMHE SN, Lol 6., P phosphoreum H> B @ B 4l
HR O HDC & PE X, 7°C B5 B HE R 1T 15°C —25°C K5 8% B R 12l ~ b T
MWEZ R LT, 2OXIBRFERITIMOEIZODVWTHHOLNLTWND
Bl 21X, Gale®®) X £ coli W{E® HDC JEMEIX 37°C 85 L W 27T°CH;
BOHPBEmNZ ExREL TS,

F 7. M morganii®> 2% %2 33) B XN Photobacterium¥k®’ D W
P R O HDC IE MEIE 45 % 20—25°C 38 & OV 15— 20°C 5% % B 18 Tix KME
STWab, £7-4M0. P. phosphoreum ® T °C B:EEE KX R JFE T
DEREEICHE N, FEMEHIC 2R bEHWEEGTELELEL, ZhbHD
FERIL, T°C HEETHEM HDC OEANREINDZ L EZRET S,
ZOmRMRE, RIEATEAOE A X I UCARMRKICEE L, O TEETH
ZAY

Allin' ®) 1%, ERMEES HUAS Escherichia coli & Salmonella @™ HDC
PEAZMRET D L Lz, Tenistea?® [T E A Z A VWEER T, £
S DOMEDOHDCEALDT-O D E@E pHIX 5.0-5.5TH b & L1, £z,
HIE 5% XD & Photobecerium @ HDC IGPED pH 4.5 THR R TH -
7L TWb, LML n, ik P phosphoreum D> & O B K H R
® HDC {&EMEIX, pH6.0 THEEEB LIZEE TR AR E R, P ARMAEHO A
W pH #PA 5.5—6.5 THH'' 12 1) ZraEZDHLE AL
AR NBITIEEEZEST D, L 2ATAHRE, B pH N EHT 5
o T, ZNOHOREEPTOFEEME HCOFEERNmLI D, ok
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IXFHEMEHC S pHB. 0 TH R WIEMZMFFT 22 L LBHENH D & T
D,

3 P phosphoreum 7> & O EF AR H K @ HDC JE M 1L, NaCl B E 2
L RDITOILTHFEMEHC DFEENEm R o722 &b NaCl I
O EF-2 P phosphoreum ® HDC DEA ZRMET HZ L 2 RBRT 5, &
AT MEARDR DY IT NaCl 2 W78 TR L2 AK 5 o fl i
HHTIE, Z7AETO HDC DEINERZE LS @7, T
T CRMEM DR R ool L E X D,

EAS I VCAERKISOBEIREIZ, BHEEE B IEZER TR
ME T 37°C2 %) R 40°C* ) Ae & IKIRME © P phosphoreum TlX 35
—40°CY B|E SN TS, b &, A EOFEEME HDC O Kk
BHEIEEIX 30CT, TNETORELLEANDLOPBENEITH D,
BRlZ3B M HDC Y 0°C TR RME D 26% D&M Z - Lz 2 L I3 Me ©
bbH, EZATHEIET, P phosphoreum D EEMM K OB A X I
RO O B R X 40°C EME LN RFERIC TSN LA b —
b (DTT) SEYR AN TIT > T 5, DTT SR CTIXFHE M HDC XM S b
Tl EREAEOER THER HC O EEIEEIZ40CTH-22 & n
5, BIETCHRATLEAEMBEDO v 2 & I AR SE O F iR E 40°C
ISR RCH) HDC DIEMEZ e L T b & Wi 5,

AKX I VOAERRKIEOEE pH IX{KIE MR T pH 5.4%), FE
MHIEE O Proteus morganii” 2°) X2 Proteus vulagaris®®’ T pH®6.0
—6.5 EWHEINTWD, —F, FEMEIZTT % U MT HDC &M
AL CWDHN, RIBHFEE X7 V0 U AT HDC IEME DK T 2 5% 12
Th s, ik P phosphoreum O RKH) HDC @ % pH X 6.0 T, #FE
PEHDC D ZF 1% 6.6 TH Y, BBIOEK L IZIERKETH -T2, £,
L O FF 8 M HDC IXRIRAF B & AR IS T v UV Ik T8 Z 0I5 EN
BN oTo, i, TIRMEMEIREAME T, KIEFEEME & R E
X EEME CH D, & 2 ATHE 3FET, P phosphoreum ® B K H
ﬁ@tx&iyéﬁﬁm@ﬁﬁpHﬁ&oﬁﬁ?%otﬁ [F] 52 BRI
DTTHEHR A TIT > TW D DIT MR TIXFFEMEHCIEI S D Z &
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F 740 OFER THERM HDC OEM pliX 6.0 Th-o7mZ &b 83
BTl A_ZEEMEEO e 22 I ARKISOEE pH 6.0 (34
HDC DIEHEZ KL TWD &R D,

EAZ I UCAERMEICET 2RO L  ITREMEICE L TiThi
TBY LN os T AF I VARICKIET NaCl O ZITE L TH -~
EAFRITIFEEAE ROV, BEES Y ITRIEFEEE R X I AR
M OWEEFEHEEZ W ER T B A I AERITIE NaCl DR E D &
BTzt AEENLELLTWS, EZ2ARAEN, 3 P phosphoreum
DORERRAF L OFHFEM HDC &b NaCl OFEL R WIREE TR b & < |
NaCl JREEDOHEIMIZHENEN L DOIEHIFIK T L7z, 728 3 ®ETIL, A
phhosphoreum DEE D v A X I U ARRIEMEIX 2—4%NaCl 1714 F T
HTEL 0, TBEIWOS%NaClL TEHABT D2 &, FHE KM R TIX
NaCl #ERM T b @ < NaCl IBE O MIZHENZDOEENK T 25 2
ExHMEL, WTNOMRLREBESOR R L R o7,

B #

Fe HME . pH I LN NaCl & TH: & L 72 P. phosphoreum 71> & @
B R R & O CHDC 0 pE AR S X ONEMEIC KX 37 & pH 38 K OV NaCl
BEOEBAMND LI, ZOEBICTHERNE X OFEEM HDC 8 L
DEICEb> TWDnEfl~lz, hilE o HDC EARE X, HBEDOIR
FEIX 7°C, pHIE 6.0 B XU NaCl IREEIZ 5% TR &ER -T2, AF X
7°C B LV 5%NaCl 28 Tl S, pH 6.0 TIEHOBEWAF AL R L
oo F70. FHEME HDC I L OHERLA HDC 12 5 o 5 758 M HDC D FI & 1%
7°C, pH7.5 B LN 5% NaCl H5 B WK Tl b < . HDC EEAEHE D L 512
B EMHDC DR G- 2N /R S 7z, #F B HDCIE ML 30°C R K U pH 6.5
T, MR HDC V&M 1T 40°CH KLUV pH 6.0 TR R &RV | FomipEHR
THERAT I EEBIOpHOEAN R, ZNIEFABHICEDE A X
SUABBEIVIREVWRESETTEZVBGDLIZEEE®RT S, £72.
P FRVEME & b NaCl #ERM TR KR L2V . NaCl RE DIV %
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b OEMHITET L,

% 281 Photobacterium phosphoreum Dt A F T L i IREEREER FEE T
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RIE$HKRORE

i3

]

ERAZIVAERICETOMEDOSL S ITMAED E A X I ARG I
BMT25D0THY, LER-STERFZ I VARKRICKITTHES DEEIC
B+ o8& b D0, E%%i&@ﬁ% . MEFENYE D Photobacterium
phosphoreum \ZB L TITHO AN TWDHHRY | ZDOWF3E1X NaCl & D %2
WCHET2bDTHD, FILFESE - FIH TS 2 & R FERME R
EARLEN, EAX I VARICKIETHKBEDOZEOREIAHT
HbH, £ T, KR TIE P phosphoreum Dt A F T ik ikl &
(HDC) PEAIC KIZTTWRKIBRE OB ZR T, M2 T, WAKT OHEHE
2 HDC 4 12 EEIZOWT LM LT,

Mo E ik

HME, BB L OEFTLRME

R E & LT, K Lz "o 8L 7= P. phoshoreum NUFM 262
RZR W, BERICIXE T SWYP 552 v BB IE B IXAFE L W R
D 25CE L7, EXAF U UNREEREFR (HDC) PEAEIC I 7 g KR B
DEEBELFTRDLERTIE, EATFVUREL 1%L L7z Moeller @5l
ZH W5, Moeller B TH WA R AKDR I VT 12.5, 25, 50,
58 XN 100% MK Z AWV CEBR Lz, 2%, 12.5% K CHHR
L7 Moeller MEFHI I, E23 I DB HDC AR IC RIT T2 2~
EEBRTH MWL, —J, WARTOFEEEIEN HDC EAICKIFE T E
B3 2 FEBRTIX . L-8 A F T U SWYP 55 HL[0.5% N2 R~ kv~
(Difco), 0.2% BERF = A EK (Oxoid) BLV0.3%L-b 2 F > (F
J6) & 75% Bk A KIS (pH6.2) 1& W7o A3, SWYP 8% HiC
W5 T5% MEAK DOV IZ 3,58 XU 6%NaCl i, 3% NaCl + 0. 1M CaCl,
. 3% NaCl + 0. 1M MgCl, &I Nz &K 2 v TR L 7=,
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EEBOHE
E &1L 600 nm O NFETR LT,

B Al R o0 B B

AR E OB I 500 ml B =/ 7 7 X 22 AT 200 ml O KK 5
N, @ P phosphoreum D> H O BRI H I OFHELIZ 1 1 [F] 800 ml
DR EZM W, EERMEBEOFEIT, MEBE L LEEKEZZELS
Bt (13,000Xg T15%y) L., 28D 0.1 MEREEER (pH 6.2) (2%
W7o, MRIEOkM LR BEEREs (K IkstoeTs
b UR-200P Z H v, Hi ) 5 THk#r) L=, MRl i 2 5= .0 57 B (17, 000
XgT304y) LThRE, 2o LE®REz®EAMHBIERE Lk,

FNAHEB X ORRRR HDC & 3 M HDC & 4y o 36 8

E AR HIE O Tml &2 5mM @ DTT % & &p 0. 02 M |Z FE & £% 5 i1z (pH 6. 2)
T 11k L 7= Sepharose CL-6B 7 7 & (96X2.6 cm) ([ZFEE L, [FFE
B CREMA L7, fmdE 31.6 ml/KEf] TR L., WHKEO 7.8 nl &4
| L7z,

HDC ¥ 1t @ &

B2 0.3 ml, 0.1 MEEEEAZMT K (pH 6.2) 0.5 ml B LT 50 mM ¥
FA LA b= (DTT) 0.1 ml ®DREBHEIZ 0.1 ml O L-8 AF T
Wik (10 mg/ml) ZIFEMUERA L, 25 CTRIG S E 2%, BhigAKF I
S5oMET TRIGEEELE L, ZRBIXL-v XA F Y UIRMATICESR %
MEVETE S TiTol2, E U T 24X 2 % Taylor ® 5 ¥E® ) THIE
Uiz, BEFR 1 BAL1X 25°C T 1 FERIZ 1 umole D B A X I U A KT D
EFEEE LT,

e ES
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AEFCRETHBAKREOE

WA /KIEE CEEEZ LT P phosphoreum DFEFE 12 Rl O A F
B A Fig. 5-6 12/ ¥, EFEILT5-50% A TRLEL<, 100%
BLO25% MWK CRRKEBTED 15%FEE T, 12. 5% /KE; #©
TR RAEBTED 20%LLTFTH - 7=,

0.3

0.1 -

0 | | | |
100 75 50 25 12.5
Seawater (%)

Fig. 5-6. Growth of Photobacterium phosphoreum incubated in 1% L-
histidine-containing Moeller's media with 12.5, 25, 50, 75, and 100%
seawater at 25pC for 12 h .

R HDC B8 X OV M HDC DEA I RITTHEKIEE O &

BRI KIBEOREM CH3# L2 P. phosphoreum ® W AK# H itk © 7
NAHBORER%E Fig, 5-TIZ/RT, 25% WEK THE# L 72 B K T3
HDC (B— 7 1) L#F#EMUDC (B — 27 11) OAREAITIFIEE Lo
To Ay, 12.5% VK EE R WK TIEH AL HDC o FIG R FE L m< D,
Btz 50% yiE7K BL b CTHE 28 L 72 B /& TI% HDC O K-8 3538 4 HDC T 5
DBz, 7ek, HDC O AERKEIT 12, 5%F% L O 50% ¥E /K5 2 & (K Tk
R TS 50% MEKIEEFEMA, S 51T 100% MHE/KE: & &K & KR
ErEmL bl on T, TOAELBEITAMICHEML =,
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Fig. 5-7. Sepharose CL-6B gel filtration patterns of the crude

extracts of Photobacterium phosphoreum grown in 1% L-
histidine-containing Moeller's media with 12.5 (A), 25 (B), 50
(C), and 100% (D) seawater at 25pC for 12 h

—, enzyme activity ; ---, absorbance at 280nm.

HDC DEACKRETHERBEBEREDOE
HMEORLR LB CHRBELZZE X LB AZ A WEE L 2B H %
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@ HDC ¥EM: % Fig. 5-8 12" 9, WA E W o HDC &M 1L, HE o fEHE
Wb BT, P OREBERENELS 221250 T, @< 25 MmN
R,

1.2

10 |
08 | Am
06 |- e
04 - O

O
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Salt cocentration (%)

Fig. 5-8. Histamine formation by Photobacterium phosphoreum grown in
SWYP broth containing different concentrations of salt at 20PC for 24 h.

O, 3% NaCl solution; A, 5% NaCl solution; I, 6% NaCl solution; @,
seawater; A, 3% NaCl solution containing 0.1M CaCIZ; M, 3% NaCl

solution containing 0.1M MgCIz.

12.5% WKEBEEERICKIT 2B E L OFEEME HDC DR EL
12.5% WK THE LIEEBOR D P. phosphoreum ® 1 1K+ H K
DTIVAHW DR R A Fig. 5-9 1T T . RFEBRITFICHEKEDN H o 72k
1) HDC DEIA N E o RIS HOWTHEM L7, 12 BEEE#E (45Xt
) AR TIIAE RO HDC OB A BN E o oA, 18 FEREE & (F % )
AR LT 24 FrfEE GEWS) FAK TIIH AL HDC & 35 & HDC
DEGITIFTFE L o7, k. WAL T O 4 HDC 7E M 1335 5 i
WX B2EWVWEIFEALERD o T,
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Fig. 5-9. Sepharose CL-6B gel filtration patterns of the crude extracts
of Photobacterium phosphoreum grown in 1% L-histidine-containing
Moellaer's medium with 12.5% seawater at 25pC forl2 (A), 18 (B),
and 24 h (C).

—, enzyme activity; -+, absorbance at 280 nm.

= %

P. phosphoreum O F 1% 25% WEAK 5 100% ¥E/KE; L E TIZIX B 4F
Thoto, —FH. HDC FEAREIT 12.5% MEARB LY 26% Mg AKE; Hi 5% 3%
TIFAE <, 50%F K TN 100% M KIEE LM KORENL®HI 7RI T

EPE HDC OB R 6h, D F 0 AKREEO EFIZHEWEEENME HDC
BRREIND LN RSN, THITARES 1H TR LUZEH
Mﬂ&r®iﬂ ICEWHEMEHDCOFERNREI N LB EFE L TH

60



S, LZAT, AFIC NaCl # B LT HME X, WEOKEIRIC
NaCl 2 4B LT 52N/ MBNTWAH*0 22 i WEEME O
X CaAf A rRoMg A AR ED2MERBA AL ZLELETDHHEDL
Mo TWBH28 21 P phosphoreum TIX Ca A F 2o Mg £ 4 > D
ARIZEDLOTHEBEDO EFICHEWHDC EAEARETHM L, LR
T P. phosphoreum Dt A X I VARRBIIE OB ICH DL LT, RiEE
EREmLSRdIlconTmEm<l b E¥Bransd, £7%. P. phosphoreum
® HDC FEAE D E M NaCl JREIZFABF R NaClLIBE LV @mhroTc, ®E
HHEETIEHEZN . 7V E I VOB Y AR EIEE D NaCl 2 0% &
THEH Y bHMONTBVHBEEL L ZF T OB IAKR L OB
b BLBR R,

& T ATH 1 E TIL K NaCl i B o 55 Hu T 134 s HDC o FI 5 23
W4 22 a7z, 745G, 12.5% WE/AKRE#To 12 K/ 5
FECTIEFEM IDC L v HEkr) HDC OB AN Em Moo, LD - T,
12.5% MWEKRE: 2 AV THERKRY 3 X VB ME HDC FEZAE O HER & F ~
TN, BRI T O R HDC OEI SN E o T2, WA HDC 1T 8
BYHOmB—EHICEEIRG VO E Lvn,

B #

P. phosphoreum ® HDC PEENZ I T KIBEOREELZFH D & T,
E K T o> HE K 2% HDC PE A 12 WEIZOWTH T, 26% KT
%%Lkﬁ%?ﬁ%ﬁ%mmk%%@ﬂE@iﬁ%é@ﬁH%b#o
7oAy, 12.5% Vg KEE R WK TIEH AL HDC B nFE L @m< D
BCxFIZ 50% ¥iE/K LA T o8: 3 L 72 B K TiX HDC @ K ¥ 28 35 & 4 HDC T
S b, ek, ERHERT O HDCIEMEIX 12.5% B X O 50% ¥
KEEEEAR TIEIMmD TR, 50% MEKEEEREME, S 512 100% ¥HEKE:
BHEREBARKBENGLS RN T . ZOEELEBICELS o T2,
P A O o HDC JEMEIX, o REICE DL 53, B o R R E
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NE L 725l oNT, B P AN, KRERETOLEFTX
O CIIAER M HDC OB ENE > TmHEMHBIK L., EFHEB IO
FEIR A CTITAE A A HDC & 358 HDC OB A 1T ITIEHE L L 2o 1,
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% 6 E Photobacterium phosphoreum Dt AF T v iR EBEER
BIZF D Escherichia coli TODERERHR

i

s

TNFETIZE LI IINTWD Morganella morganii 7% & g PNl
RO PR VEME O v X T D i B R B SR (HDC) 1 &5 8 % HDC Td %,
L)L n, S CHER L CWAIRKIEHE MY O Photobacterium
phosphoreum @ HDC L% A A0 HDC & FEEME HDC 2B . £ 6 DK
JSEE AN R o7, o, ERFRRBICIVEREDO 1 >DOE X
F VU R EEEE R AR (hde) D7 v —=r 7 BRI ORE, B
LFOKRGE~OREERN Tz, £ivlk, P. phosphoreumn @ HDC
AR T IXHE R HDC LB EMEHDC D EH L OB+ TH D DM, £ 1=
P. phosphoreumn ® HDC BAx ¥R FEAT D HDC X ED X o % b
DOON, FFIZZORSIBEICE LTI E ThHL2n R SllcHlkz S -
7=o = 2 C P. phosphoreum ® HDC 8 1ix ¥ % & N L 7= Escherichia coli
% F N P. phosphoreum® HDC &5 TS PEAE T 5 HDC D HERE % 3/~ 7- .
mz <. KIEM P. phosphoreum ® HDC 73 M. morganii 782 & ® X 9 7ah
P 22 I ARREO HDC & AR ED X D RBWVWDRH 5 D%
Gy R A 2 TR T

M & ik

BB B L OVKE

3 HE P phosphoreum PPO101 X 2001 FF |2 KR Offf)E TAT L
7=~ Y3 Scomber japonicus O rEELT7mk A X I UAERKE T, 16S
rRNA D HE EERE 4], B e, B FEERB L OAEZMMERICKIVEE L
7= F7-. KEBRICIIZAHW £ coli BL21(DE3) (Novagen)., X7 #
— 75 XA X K pET-11a (Novagen) Z# 8 A L 7=-% KW £ coli
BL21 (DE3) /pET-11a 3 &k O P. phosphoreum HDC &1+ (hde) % # 7
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ANTERDT H—7 5 23 K pET-llahkde ZE N LT RE F coli
BL21 (DE3) /pET-11lahde ® 3 DO KGE Z# H Wi, 72k, T b %
TR WERBBRERITIERFREEICIVITDONT,

E. coliBL21(DE3) B X O X DR EZEHALIC L 5 b XA Z I AR ER
(21 Moeller &ML [0.5% /X7 h~_X7 > (Difco), 0.5% N7 L%
B3 %2 (Difco), 0.05% ZLa—ABLWN 1% L-t ZF v &5

(pH 6.0)] ZH W/, WHRMEKZGL72O O E coli OEEIZIT
Lurina-Bertani (LB) 7 @ X [1% -7 ~ U 7~ > (Difco).0.5%
7 PR & 2 (Difco) BEL O 1% NaCl # &3 ( pH 7.5)] ZHW
T 37°CT. F£7= P. phosphoreum D E:3 121X SWYP 41 [0.5% X7 b
N7 Rv (Difco) BLV0.3% N7 MEERE= X2 (Difco) % 75% #
B A KIS EMR (pH6.2)] ZHWVW25CTH#ELEZ, B, L-b X
FOUEFHMEICIE T TO0.2%%F RN L 7=,

P. phosphoreum ® HDC &1z F ® R B AR

XAWICEHEANLT P phosphoreum ® HDC &Ain ¥ O B z #ER T %
72 . E. coliBL21(DE3), E. coliBL21(DE3)/pET-1la B8 X W £ coli
BL21(DE3) /pET-1lahde ® 3 DD KM % 3TCTHEL, A I D
E2AZ I UEBARBHICHARN-. EZZ IV BOERIL Taylor 5D )
RSO T o Tm, B, AEHEEIX 600 nm OO E TR LT,

P. phosphoreum ® HDC & 15+ D 3& BB W @ £ 4R B & 3 B
TRBEIWCEANLT P phosphoreum ® HDC & AinF O3B EY (HDC)
23 A BB HDC 2035 8% HDC N2 JH X 5 72 (E. coliBL21(DE3) (£ coli
BL21 (DE3) /pET-11a 38 X OV E. co/i BL21 (DE3) /pET-11lahde ® 3 S D K
EZ MWW, B XAF D RMEBMTHEERELZEKOE K%
Sepharose CL-6B Z /v Az L A mMricfit L=, £7=. £ coli
BL21 (DE3) /pET-1lahde ¥E1Z. b A F ¥ U EIR MG H THEEL-EHEK D
HHE S 7 VA Lo, )7, 43 L7z HDC O &M L IE 9 IR E . pH
¥ £ Ut NaCl =2 Eﬂf@ﬂﬂiﬁ%xﬂuﬂz Lz, B, D=8 P. phosphoreum
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DEeAFTURMBIOVERMEEE LEFEALLOHMMBED 7V A
L7,

B 1A il R oo 5 B

LA OB I1L 500 ml & =/ 7 7 A 22 A4z 200 ml O RS
Z AW, @ P phosphoreum D> D O F AR H KR O FHEIZIX 1 [B] 800 ml
DR RIR 2 H W To, BT R O IR IR 8 U 72 B IR & & 04 B
(13,000Xg T15%y) L. D&E® 0.1 MEEEEEK (pH 6.2) (CHRH
L7z, Milidokm Lano@EEkm (P —KBIxXstosr v
UR-200P % FH\v, 171 5 THEME) L7z, MW f 2= 008 (17,000
XgT304) LThHE, 2o EEREZFEEME®KE Lz,

FABE X O HDC 4y & 35 & % HDC 4y o 77 &
EARMEED Tnl Z25mM DO F A4 R LA F—J (DIT) & & 0.02
M HEEE R g (pH 6.2) T Efi{k L 7= Sepharose CL-6B % 7 A& (96X
2.6cm) [ZFRIE L, [FAEMEKE TR L7, JitE 31.6ml/FEfl CTREBA L.
WHIK O 7.8 ml Z 4y L 7=,

HDC ¥ 4 @ H &

BESRK 0.3 ml, 0.1 MFEFeAEE#Z (pH 6.2) 0.5 ml 3 & OF 50 mM DTT
0.1 ml ®ERAIIZ 0.1 ml ®L-& 2AF KR (10 mg/ml) Z RINIE
AL, 26 CT 1S Sk, hIgAKPIC 54 MR T TRIS Z 1%
B U7, HEBII L-E A F YV U IRMETICER 2 MEKIE & TiT -
7o £ U7 2% I 0% Taylor ® FESY) THIE L, BEHE 1 HA0X
26°CC 1 HFMIZ 1 umole D& A X I U A ART IEREREL LT-,

JREE. pH I X T NaCl R E 2B § 2 HDC & M o Jl E

TV A T oy BfE L 7 A R HDC [ Sy & FEEME HDC B4y & A2 T
KBEF L 10CHIE T 0—60CET, pH 1M TH5.0-8.0F T, NaCl
X 0.5% MM T 0-2.5%FTMELRZ, & pH IZBIT D RISITIE
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McIlvaine #Efiwk (0.1M Z =, /0.2M VU ERAKF_FT FU T L)
iz,

53 F 8 D 1R R T

LB OER DO T- D1z, i P phosphoreum B L N Z L F TIZ
MO TWBE 7T T raaor 24 %@ (Enterobacter
aerogenes ., Listonella anguillarum, M. morganii ., Pseudomonas
fluorescens 3 X O\ Raoultella planticola) Z JAWNT-, 4 F R D
YE % IZ PAUP* [Phylogenetic Analysis Using Parsimony (*and Other
methods), version 4.0b10, D. L. Swofford, Sinauer, Sunderland,
Mass]Z HWN 7o o3 R0 M 130D Bl & 1 & e RERTE 2 v, HDC T
R/ BRELS D B AER L 7o, AR O AR EME DY 1000 7 — R A KT » TR
e At TR & L7

i F

E. coli TD P. phosphoreum ® HDC E{&F D HREH

E. coli BL21(DE3) . E. coli BL21(DE3)/pET-1la B X X E. coli
BL21 (DE3) /pET-1lahde ¥k DEFIZESI B 2 X I DA% Fig. 6-1
R T, R LZZVWTROKRBEE BIZERCEFTBBEEZ R LD,
b AH I AR EEIL E. coli BL21(DE3) /pET-1lahde ¥kix E. coli
BL21 (DE3) # XL WY £ coli BL21(DE3) /pET-1la kXL v v @<, 7%
2ETIHIIEAEEVWRALNL o7, DFE V., ZTRKHE £ coli
BL21(DE3)Z& AN L7~ P. phosphoreum ® HDC i&fx + 03B L 7=,

E. coli THRB LT P. phosphoreum ® HDC BIRFIEW

E. coli BL21(DE3) ® & A F ¥ VIR M K BB HEH K., £ coli
BL21 (DE3) /pET-1lahde D& AF VU HIIEB L OERMEEHK, B X
W P. phosphoreum® & A F T IRINE X OVERINEEEE KO E K O
IV B DR R A 4 2 Fig., 6-2—6-6 IZRT,
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Fig. 6-1. Expression of the recombinant histidine decarboxylase in
Escherichia coli BL21(DE3) grown at 37PC in Moeller’s decarboxylase

basal medium. Growth ([J) and histamine formation (H) in E. coli
BL21(DE3) that was used as a host for expression of the hdc gene from

Photobacterium phosphoreum; growth (O) and histamine formation (@)
in E. coli BL21(DE3) containing the empty pET-11a; growth (A) and
histamine formation (&) in E. coli BL21(DE3) harboring the recombinant
pET-11a.

E. coli BL2I(DE) kD & A F ¥V RN EH A (Fig. 6-2)
TIXHDCIEMHEEY — 7 1T (EEFESF 36—45) FiIF 2RO, Z ORI
E. coli BL21(DE3) /pET-1la Bk CH A TH o7, 2 FE V| ZHFH &
LCHWE E coli T —2 1O HDC EAREDRH - 7=,

E. coli BL21(DE3) /pET-1lakdc ¥k Dt A F ¥ Hm (Fig. 6-3) B
FOMEIRIN S B E A % (Fig. 6-4) TiX. Wb HDCIEME E—
71 (5 EHE S 35—43) L v—2 11 (HHEFE S 43—53) D 250 HDC
MERIN.EFE—27 IIEPEIE—7 TR X VEBD TEWIEEE
~ LT,

P. phosphoreum Dt A F T iR EFEEME K (Fig. 6-5) TIix
HDC &M — 27 1 (W& 5 36—43) & v— 27 11 (5% 5 43—53)
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Fig. 6-2. Sepharose CL-6B gel filtration of the histidine decarboxylase

in crude extract from the control Escherichia coli (E. coli BL21(DE3)
harboring the empty pET-11a) grown in LB broth containing 0.2% L-
histidine at 37pbC for 24 h under aerobic stationary condition.

—, histidine decarboxylase activity; -+, absorbance at 280 nm.
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Fig. 6-3. Sepharose CL-6B gel filtration of the histidine decarboxylase in

crude extract from the recombinant Escherichia coli (E. coli BL21(DE3)
harboring the recombinant pET-11a) grown in LB broth containing 0.2%
L-histidine at 37pC for 24 h under aerobic stationary condition.

—, histidine decarboxylase activity; ---, absorbance at 280 nm.
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Fig. 6-4. Sepharose CL-6B gel filtration of the histidine decarboxylase
in crude extract from the recombinant Escherichia coli (E. coli
BL21(DE3) harboring the recombinant pET-11a) grown in LB broth
(the absence of L-histidine) at 37PC for 24 h under aerobic stationary
condition.

—, histidine decarboxylase activity; ---, absorbance at 280 nm.
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Fig. 6-5. Sepharose CL-6B gel filtration of the histidine

decarboxylase in crude extract from Photobacterium phosphoreum
grown in SWYP medium containing 0.2% L-histidine at 25pC for
24 h under aerobic stationary condition.

—, histidine decarboxylase activity; ---, absorbance at 280 nm.
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Fig. 6-6. Sepharose CL-6B gel filtration of the histidine decarboxylase

in crude extract from Photobacterium phosphoreum grown in SWYP
medium (the absence of L-histidine) at 25pC for 24 h under aerobic
stationary condition.

—, histidine decarboxylase activity; -+, absorbance at 280 nm.

E. coli TRB| LT P. phosphoreum HDC Bin F+EW © IR

E. coli BL21(DE3) /pET-1lahdc £k D & A F ¥ v U I K 2 @ 1 #h H ik
DFNLVHBTEHEONZEREY —27 TH4yE Y —27 11 W45 ORGSR E.,
pH 3 X" NaCl REICRIF T RE 2 MR R &4 xFig. 6-7—6-9
WZR9,
Fg.&7ﬁ%¢iim\§§ﬁﬁlthMMM@E%@HH7I
W\ LN P phosphoreum DO — 7 11 4y O NS 2 T IR E X
KZExAOCBIONIOCT, INHLOEMWBEL FB IO FOHEE T
EMEITRBICET L,

Fig. 6-8 IZ/RT X212, ZARE E. coli BL2ZLDE3) kDL — 7 1
Wy LN P phosphoreum B D ¥ — 7 11 W4y O K i 2 pH 1345 %
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Fig. 6-7. The effects of reaction temperatures on the native (peak |
found in Sepharose CL-6B gel filtration) and the recombinant
histidine decarboxylase activities (peak Il found in Sepharose CL-6B
gel filtration) in the recombinant Escherichia coli (E. coli BL21(DE3)
harboring the recombinant pET-11a).

O, native histidine decarboxylase; @, recombinant histidine
decarboxylase.
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Fig. 6-8. The effects of reaction pHs on the native (peak I found

in Sepharose CL-6B gel filtration) and the recombinant histidine
decarboxylase activities (peak Il found in Sepharose CL-6B gel
filtration) in the recombinant Escherichia coli (E. coli BL21(DE3)
harboring the recombinant pET-11a).

O, native histidine decarboxylase; @, recombinant histidine
decarboxylase.
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pH6 B LN 7 T, T HOFEM pH LL LB XL T O pH TIEHEMEIZA
WK T L7z,
Fig. 6-91Z/_"T X I, ZARE £ coli BL2ZIDE3)HkDOE—7 1
5B LW P phosphoreum B DO — 7 11 ﬁﬂlﬁlﬁj\@}iﬁj\%ﬁ NaCl j2 &
FWFH b 0% NaCl T R ENEINT 51> THEM IR
L7,

100 |-
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Fig. 6-9. The effects of reaction NaCl concentrations on the native
(peak I found in Sepharose CL-6B gel filtration) and the recombinant
histidine decarboxylase activities (peak Il found in Sepharose CL-6B
gel filtration) in the recombinant Escherichia coli (E. coli BL21(DE3)
harboring the recombinant pET-11a).

O, native histidine decarboxylase; @, recombinant histidine
decarboxylase.

P. phosphoreum HDC &in+ D R BB AN E

77 AfEtEe A X I AR O HDC T X BEEANIC SV T, T
i A5 & R REAIIE TR L2y Rt 2 Fig. 6-101C7"d, 77
LfEtEe A ¥ I UERE O HDC 7 X BESNICE S W T, TR A I
&l KEIRIETIER L7c o+ R mi oW T, B3 2. phosphoreum & I
NHMER OME (£ aerogenes, M. morganii B X N R planticola)
FmO TEWT — M2 Ty E GBS & I REFIIETO ST
TH 2 99%& T5%) THRMEAEMZ L—FE2Bl L, k. Th bl
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HR o7 BESOMEMEL 84—-80%Th o7, —JF, f#ak ~
phosphoreum ® 7 X J WEWCH] & L. anguillarum 8 X O\ P. fluorescens
DT X BREAE T LR E AR L, I bMERO T
T RS OMEIME LI o7, LD LEN S, R P phosphoreum
& P. fluorescens ® 16S rRNA I RMBEAENICEHZBTH 5,

Photobacterium phosphoreum (AY223843)

Morganella morganii (JO2577)

99/75

Raoultella planticola (M62746)

Enterobacter aerogenes (M62745)

Pseudomonas fluorescens (Y09356)

Listonella anguillarum (Z33880)
50 changes

Fig. 6-10. Phylogeneric tree of gram-negative histidine decarboxylase-producing
bacteria based on maximum-parsimony analysis (heuristic search) of histidine
decarboxylase amino acid sequence. Numbers at nodes indicate bootstrap valuess
(percentages) from 1, 000 replicate based on neighber-joining/maximum-parsimony
analyses conducted using PAUP* version 4.0b10. Only nodes supported by 50% or
greater are shown. GenBank accession numbers are given in parentheses following
bacterial species.

= 2%

E. coli BL21(DE3) /pET-1lahdc ¥k D & A F ¥ v s N % 28 B K 4 H
WTIX, HDCIEHEEY —27 1 L E—27 11 D250 HDC MR L7=N. L
coli BL21 (DE3) KB X OV £ coli BL21(DE3) /pET-1la kDb A F ¥
W ZEEHAMHEE CIEHICEEE —27 1T L2RO o2, T
DG RS, E coli BL21(DE3)/pET-1lahde ¥k TR O E— 27 1
O HDC i AFEHBRkTHDHL L, ¥—2 11 @4 @ HDC L P
phosphoreum H ¥ @ HDC & H M & vz,
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fih J5 . P. phosphoreum ¥k Dt A F 2 L RN EE 2 B A& Fh H & T 1% HDC
EHE—27 12 E—27 110250 HDC Z MR L= 23, (7 2E RN 5 38
R IR Y — 27 1T L HEsR T%@ﬂotw_ﬂ5®ﬁ%ﬁ
B — 7 T 43 134 B9 HDC, & — 27 11 i 43 1L 7% 3 M4 HDC & H b < v 7=,
£ 72, E coli BL21(DE3) /pET-1lahdc ¥k D & A F ¥ o MU ES 2% 1 1K
I CTH IDCIEHEEY —27 T2 =2 11 D250 HDC B L1z, L
NHEINOLWMEOHCIEREE — 27 T —27 1T VA TOEH
MMENF LT, 2>EFVRAKL2TTFE T, T, E coli
BL21 (DE3) /pET-11lahde ¥k ® b A F 2 o M ¥R N 2% 38 B 4K Hh H 78 o HDC &
P —27 11X Ecoli HRDORERKRR HC LB x b, ©—27 11 X
P. phosphoreum M R DO FEMEHUDC & E 2 bV, 2 DFE 2 O IE Y M IX
E. coliBL21(DE3) /pET-11lahde ¥ ® v — 7 11 M4y O Ptk (5 I
pH 3 L N NaCl ¥ ) 73 P. phosphoreum O ¥ — 7 11 M4y O Mk & 1%
FELULEEZENDb b IFESND., LrLAaRnb, FEMEHEC &I 2
B — 27 T HE 45 E coliBL21(DE3) /pET-1lahdc ¥k D & A F ¥ HEHRIN
BEEEH RO EICOPWVWTIE, "7 X —FF A K (pET-1la)

DR EL ISR BEB DT Z2 b o0 EB 2 b,

& 2 AT Mmorganii ® HDCIZFEMRETHDHZ L2 ME LY,
F®D kAR, P phosphoreum HDC O 7 X 7 BRELAHNIX M. morganii % &
el M B O/ O HDC 7 X BRELH & om WA R 2R L 72, IR
C. P. phosphoreum & =L G HEWNMER OMEIX, HDC O 7 I J BEE
FNZESS ZHMB T, GWT —MA NI v 7ETORMBEN 7 L —
REER LT, 2l b b6 3 RIE T~ To HDC PEA DO (EHE
ﬁﬁﬁﬁﬁf%éﬂprMmmﬁ¢ﬁ@f%5%Wﬂﬁﬂ@ﬂﬁi
DEWTHAH, ERASME., KIE T TO HUDCIEMIX. P phosphoreum
® HDC (B EHs#e K £ coli BL21(DE3) /pET-1lahde ® 515 A7 v~ b
7T AOE—7 11 #45) N EcolivZhn (AE—27 1#4s) Lo&
Mol T DHEZEIL P phosphoreum D HDC & {s+ % E. coli |ZiE
ATHZLET, KWIRE#HFATEZZ I VOERNEX S 2 & 2Rk
TLH M2 T A LEZEE L coli KK D HDC & B3 P. phosphoreum
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OHERH) HDC, FLAZHFH OB EERHIAR THE L2 HDC & i 2
phosphoreum O B M HDC IZ M1 4 S IE EE  pH I KUY NaCl i BE 28 8
BlL72, PLEDKERENNS . P phosphorous IZAKIE M A E @ HDC & M1
M THIRMEME O HDCIEMEZ b o Z &, D F v itz &t KERN
DEFEMENS K DILHPHZRBRE CTHC OERN 2 END 2 & 2R
D, T, HRAOWMPNLEoOFEEE, HEOBEE, B X OITEK
WCELHAERNZBP VR E ZAZ I VP EEZHIET27-DICHETH D,

= 9

P. phosphoreum ® HDC & {x f % A L7z E. coli Z/ >, P. phosphoreum
» HDC #EAZ TNEA TS HDC O A <7, Iz T, K% P
phosphoreum @ HDC 7% M. morganii 72E O F il e AZ I Bk B O HDC
CHEALHNZE DI RIBWDRH LD E 5y 1 R B 2 DTN, B E R
BB D% K E E. coliBL21(DE3) ix i H ©» HDC % pE A L7, P
phosphoreum @ HDC i&{s ¥ %2 f&Ff L7- E.coliBL21(DE3)IX#i7=72 HDC %
PEA L. Zhix P. phosphoreum @ #% #E M HDC (MM L=, Mz T
E.coliBL21(DE3)A& 3k ® HDC (% P. phosphoreum O %) HDC (ZFH 4 L
720 F72. E. coliBL21(DE3)A 3k ® HDC @ )i % # i E . pH B X O NacCl
I B2 134 % 40°C. 6.0 BEV 0%, F/=[F B ~8 A&z HDC (% 30°C. 7.0
BLR0% T, % % P. phosphoreum O % #Y HDC L35 & M HDC o == jii 5%
el L7z, —J . HDC 7 /2B 4111% P. phosphoreum & M. morganii &
BN MEROMEEOM THWT — ATy 7ETREM 7L —F %
BR L., Elom WA R 2R Lieas 0 B I EIL 72 L. anguillarum &
T Lo R 2 L, EAR WA R 2R LT,

BTE & 15

PABAERE, WHOOBLIREFAOERIZLAZT LILF —FAR T E
DAL TWD, TOFHERERMEIZTe AFXI L THD, B RXAF
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YHELLEEIALTVDS, EAX I VAERMEIZZWRES LTS
2. IRIEIFEAICBIT S e 22 I U AEKITL oI X B Photobacterium
phosphoreum \ZIR G5, 2. BAADOE AX I U EH &3 A ]
DHZIZRYDOHD, LoT, MAOCHERICIDIEAZ IV TED
FH 1 RO 0 psi s A 2 MEFF 3 5 72 I I1X P phosphoreum® & A & 3
VAREHEEMOLEND D, £ T, AFRETIHKIEIEATOE
AL I EREE ZAZ I CARE S OB EME RIEITE A D OB L
7= P. phosphoreum Dt A X I VARG, b bt AT U Ik EERE
# (HDC) PEAERER LY HDC IEMEIC KR ETEHRER O E, BLW
Escherichia coli ~¥ N L 7= P. phosphoreum ® HDC &5+ DR HIZ
BAI 25 21T - 1=,

FoWTITREEATO e AZ I Vv AEREE RZ I UERKE L O
Bl Z g D700l Kl OKEMENEREICEMT ) BLOH
K OKEREPEHEIZEM LY E2HNTIFBR LY NIZBIT 5
P.  phosphoreum D{EE L b A% I VAR EOBREMEZFT T, 20O
FER KB E KB DO WT NS\ RETIX P phosphoreum® HEFHE 1% 72 < |
AHENAETCOEAZ IV OEMRMBIZEALERD Loz, —F., B
WNEETIIMETE T & b P phosphoreum D>HEHE L . B2 K% F CTlX A =
MERAZIVOFEMEROIL, RBARFERIT 2 EIiTW, 1 EHOEE
T EROFERER TN, 2EABORBTEIVWTAOHAMNL S L.
phosphoreum I HEHINT, B AX I VELWMEBICHEELZICHEET 7
Mol ZTNNHDREERENSL, B A X I VARKIZIE P phosphoreum D3 F
KB ET22 L, e AX I VARICEETFE T 28AORER
FOMEAPEIPN TV OIRENEEICHAD TWVWDL Z R INT,
% Z T

%5 3 F CIL P. phosphoreum D WEHHE K & EARMEE 2 HW, B 2 ¥
RUAERIZKIETMENS LMK F ORI LR T, DR R
1) P. phosphoreum ® 4 H F i il 1% 25°C T, 35CLL ETIXAF LA
Mo To i, B A X I 2 OA R IR TR R AR T 35°C . B KR
T40CTh o7z, 2) pHb5.5—8.0 TITRAICABFL, pH4.5LLFT
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OAEFIIMEICIE Sz, —H, B AX I VERITEEREEKS LU
AR & B pH 6.0 AL THRARTE 2D pH 8.0 TIXZE DA
BRI MNoTz, 3) NaCl BEIL 2—4% CAEBRHEF T, 1BIV 5%
TEHELIIMHI SN, 0% TITEBF LT, TkFEETOE 2 ¥ 3
AERAZ KIE T NaCl IR E D 21T AEE TOR R & IZIFFRER O %
AU, EEMERE TIE NaCl BRI TZEOAEREITRKE RV
NaCl R E DI EWZ O 'ITWE L, ki EoL & LT8R,
A)Y 73— AFRIMEEZE TIEEM O pH DK F & BT OLEFMH N RS
AT=25, HDC PEARRIZ 7 V2 — ARMEFE TR ERNEEON 2 55
WIEPEE R L7z, 5) HDC EEARIIHAEE CIHFAEROKN 2 455
WiEMEZ R LT, L2AT, MEDENE AZ I VAERICKITTE
WBALTIE, TRETICHEKTOIMEDNRESNTEY . FE KA
H 2 B IR T 5 S ARES W) O HDC IGEMEIZIR T4 2 B ULR 1313 1F —
E LR BHEOHIC DFEE TS, £2T
FAETIIRRLIMBESE N TR L P phosphoreum ® B & 4 H
WAaET7NAHE L, i HDC B4y OIEME & 2 D2 EME % RF LT,
Z DRE R P. phosphoreum DEFIX XV IS RBE TIEFRITAEFT L1720,
HDC PEARRIT L VBERIRETCE N - 7o, [FEIXHEE S & 700,000 &
170,000 @ 2 -5 HDC ZPEE L, RIEITE 2 F ¥ UiRINE X OVERINEE
BICEHBRRSFAREOHCEZELELZZ ENDOHERMHECTH LD Z &
FILEBBERIEAF O UBRNMBERECTIIEEELESI N DTl D
PG HDC & HIMr S v/, F MRy HDC 134 IR BB L 55 & M HDC
FHERIREECE S EA SN, — ., FEMEHUCITECAIO T A B
LA b= TREMS NI, FEEA HDC X LA Z ORITH O FELE
TEHETARELE TCH Tz, YL LD X512, P phosphoreum |3 72 % Wk 3
SETFTTHERTDLEHERELICBIBASETHCEEARI R R 722 &,
FRREEICIE 2 >O HC BAFEE L, HBEBRESETI O 250 HDC FE
HREN BRI o2 D, BHEETIHMBENEUSNOE L YHEN B
L OMEFHERE T CIE&E LT P phosphoreum ® 4 HDC FEAERE B L OV 2
SO HDC PEERE & Ff X 7=,
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Wb 1 TCILRERIEE  pH B X O NaCl B E N P. phosphoreum
O HDC DFEAICKIEFTHELFT-, TOME. ik P phosphoreum
DOE:F ORE L 7°C, pH X 6.0 3 X OV NaCl 2 £ 1% 5% T HDC pE & #E A
RERSTE, L LVEFIT T°CEB I 5%NaCl fF1E F Tl &,
pH 12 6.0 CHHEBEWVWAEEFZEZRLEZ, 72, KK HDC & 3 E M HDC
WO 5 FHEMEHCOFEIXTCHERL LTV 5%NaCl H# Tl b & < |
4 HDC PEAEBE O L H T35 & HDC oA E L B » T/, pH I
DWTHFEERDFENGF A 7o, M J7 A RCAHY HDC IE M 1% 40°C kB K TN pH 6. 0,
BELOFHEEN HDCIEMEIT 30CEB LW pH 6.5 THRKRKERY, T h
520D HDCIEKIET DIREB LN pH D ERB IO TR ELR -7,
D OFERIX P phosphoreumZ LD AKX I DA LV IKWVER
BEHBTCORZIAZEEZRB LI, £72, MBEFR L b NaCl BRI CIE
PEITR R ER D NaCl BEOHEMIZENZNIFE T L,

%5 28 TIL P phosphoreum Dt A X I AR KX K
REORBEZMND LI, WK OEEEH CaS Mg A Ak X
ZIVARICKETRELR T, TORE, 25% MBAKTEELLEHE
R TIEAE AP HDC & 353 M HDC D A R EI A 13X IE S L - 7243 .12, 5%
WEAKREEFERTIIMERN EIDC OFENZ LS EmL< Y (b, £FxX
B CIEERM HDC OB AN Emr o EHKRTYH ., EW B X ORI
TIIMERCHEY HDC & FFE M HDC ORI ST IZIEFE L < R o 72) . &I 50%
WKL ECORBEEMEKTITHC O RENFEMEUC THED R, 72
F.HDC O Ak &% 12. 5%8 L OV 50% MK E; 2% TidMmd TR < L 50% I
KEEE, S HIT 100% WAKREZEEWMKRELGSRDICHONTEDAE
REIL AL, HDC OEARFEOMBEICEDLL T, £AFH
AN CTITHBENEGLS RD2ICONTEOENMT 2 HmA R 6=,

& Z AT Morganella morganii 72 £ OGN HIE B @ g MM E o
HDC [E&F&EME HDC 727212 ThHh b, L L2ins, KEGEED P
phosphoreum [ZHEpRHY HDC & FFEVE HDC 6~ 72, £ D b P
phosphoreum @ %5 E M HDC O & 1R FE 1L B9 HDC D Z U2 b~ THK
Mol=, Fhil, P. phosphoreumn @ HDC & Ax X HE KA HDC & 3% E
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HEHDC D EL B DOBIEFTHDHDON, £7- P. phosphoreumn @ HDC &
BFRPRELETDLHCITED LS REREL & DD FFIZE ORGSR E
LTI E ThEI R EICHKE LS, 22T

% 6 B TIX 2. phosphoreum ® HDC Bix T2 E A I LTz £ coli (B
Hisfafk) NELET H HC OBRE LM 7, Mx T, KEME P~
phosphoreum @ HDC 725 M. morganii 72 K O HEMEE A X I VAR E O
HDC EHEALMIIC ED K S RE NN & D D0 E 7R 2 v T~
oo TORRK, WHIEBHMEROZ AW £ coliBL21(DE3) 1T £ 1L H KA
HDC Z BEA L. Z ViX P. phosphoreum DHERLHI HDCIZHE Y Lz, — .
B M e R I X B 7= 72 HDC 2 PEAE L. Z ik P phosphoreum O &3 %
HDCIZHEY L7z, E£70. ZAFABARD HDC OIS EEIRE, pH B LT
NaCl JRFE L& % 40C, 6.0 BEL V0%, B LW P phosphoreum @ HDC
B FEDOHDCIZ O W TIEK 430C. 7.0 8L 0% T, 2B IE%K ~
P. phosphoreum D% H) HDC 38 KL OVFFE M HDC O B & L rfel L 72,
fh J5 . HDC 7 X ) BREC A X P. phosphoreum & M. morganii % & &M
MEROME O TEHWT — AN v TETRHEM 7 L— REE
KU EEWMHARMEEZ R LN DEFWICHEEL LT L. anguillarum
ENE LR AR AR L, F AR WA R A R LT,

L EDOKEENS ., P phosphoreum IZAKIEME R E o HDCIEMEIZ N 2 T
IR MEAIE O HDCIEME A &> Z &, D FE 0 fiff %2 5 Te /KER M D Z 4k
PN B D)IREHRBE CHC AN R EIND L2 R"BET 5, £h
B, BERORBNLZoOMMEEE, FHEOER. B X ORTEICE D
EWRBAR VA E AZ I VB HEORIERKERMLO M ERFICITNE
ThbH,

E8E % B

RIFFEDOEITE R L OERICHT-Y, TRY 2 THE L WL
B ELIERBERFAEERFZHERBERFFEHELICES BB L
FEFEST, . KRXOERICHZY, ZHRYRTHEFE2 VWL EE
F LR RZAER S ZER B ENRE L, [B/NHEELE L [
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