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On the Amino Acid Composition of Cell Protein from Some Species

of Food Poisoning Bacteria

Mitsuzo Tagaer and Atsushi Irpa

Abstracts

In the present paper, we report a comparative study on the amino acid com-
position of cell proteins from some species of food poisoning bacteria; the six
strains of the Enterobacteriaceae, Arizona Pc5, Arizona N178, Bethesda NalA,
Bethesda Ala20, Ballerup K6699, Ballerup Ballerup M, and one strain of Vibrio
parahaemolyticus, 0-5. The methods of preparations and hydrolysis of cell
proteins were almost the same as those described previously.!’

Moreover, a crude cell-wall fraction? and a cell-wall fraction®®* were
prepared from whole cells of V. parahaemolyticus, according to the following
procedure, and their difference in amino acid composition was examined.

An aliquot volume of whole cells, which had been washed with Herbst’s
artificial sea water, was suspended in distilled water, and disintegrated by the
freezing and thawing method. The suspension of dirupted cells was centrifuged
at low speed to remove the unbroken cells and then at high speed until the crude
coll-wall fraction was deposited. After being purified by a treatment with
proteolytic enzyme; ribonuclease and trypsin, an aliquot volume of the crude
cell-wall was layered on top of a linear gradient of sucrose in a glass centrifuge
bottle, and then centrifuged to obtain the main cell-wall fraction. Finally, each
fraction was dialyzed against distilled water, dried in the desiccator, and hydro-
lyzed with the method described above. The amino acid analysis was determined
with a Hitachi Amino Acid Analyzer Model KLA-3. The results may be summa-
rized as follows.

The main constituents of these proteins were found to be glutamic acid,
aspartic acid, alanine, leucine, and lysine, and resembled approximately those of
the other Enterobacteriaceae.®? The cell proteins from the two strains of Bethesda
had the richer content of glycine, and the one from V. parahaemolyticus had lower
amounts of total nitrogens and amino acid nitrogens than the others, respectively.
The amino acid composition of the whole cell and the crude cell-wall fraction from
V. parahaemolyticus were found to resemble the one of cell protein, but the one of
cell-wall fraction differed considerably from the others; their main constituents were
aspartic acid, alanine, glutamic acid, leucine, phenylalanine, and valine.
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R CRRERR L L THABREO 7 ¢ 7/ BRI QW TR 2, ¥V iz Vibrio paraha-
emolyticus DAEWYE 188 LI 2, Proteus vulgaris, Escherichia coli 33 XU Salmonella enteritidis
ZEDE LR DOVTHONIIERER2RE L, Thicd 2L, 4 [E i Arizona, Bethesda,
Ballerup 2 EBBPSMIEOE 2 ROEEER IS 2 7 ¢ 7 AP RE L THhik% a0, 21w
WOTHIR U V. parahaemolyticus AR 1 O RANT, ZOHREEES Y crude cell-wall
E53 X O cell-wall B2 ML, FESD7 7 BERICOVT L WBRHN 21T 2-720T, %
ORREHRET 3,

A

5088 L3 EMED Arizona Pc5, Arizona N 178, Bethesda Na 1A, Bethesda Ala 20, Ballerup
K 6699 ¥ £ ¢ Ballerup Ballerup M 2 KERFFSLEARFIERT & b 25 %%\, $12 Vibrio parahae-
molyticus RIFDAIRIC & 3 MiER 0-5) REEVOER AL LD L FE—DOEBKRT, AW
EMEREL OV NEREZIILLOTDH 5,

SEEE: R OREEERIC S X175 T V. parahaemolyticus 13 BTB + 7 4 # — VIER L,
Z ORLOBEKS HBER GO TRERE R 2 1700, M L EE UIER Y b SEEES 12
S, BIEE 3% REMT 48, ZOMIRERT A 3L iR, 37°C —KHIEERL, »500
WYTRF 9y 2E—5~DRFETREANIZ2I ZA7 T 2ahO 3% RENT 43> 013858
T4y L2ICHIBRBEO2ZASHE2ERL, 37°C T3 F 90 - X4—~5~ 2k %
B THRET VDD, —EREEC & EOFTER % BENICERRL T, BEABORIIC 28
HIDEEE % BIRLD & RRRO S CHIE L, MEEIEKI B0 2 Zh ZhogEb 5 3200xg, 15
SHEOBROLAEHC X Y EEEEY, 5EOREIC L > THEHRS % Bk U TE I hEEs 2 ik
EUTHERUN, o8, HMEIKIIHIE 6 BEOIRPIRIEE Ti3 0. 85% BHEKk %, V. parahaemolyticus T
t Herbst D ATHK%E it 1z, 212, BARHORER IIAERER L & 2 HETFOERL21T 20,
V. parahaemolyticus OBEDHENTIIE 32 EHER 2T 2> T 240, ZRFNFHENCHER LI,

EHEAORE: AIREOAMEREERC DV THIEDY & R s — B ki & 20, nEvas,
IX2AGOBREB IR OBRERFTTE-12D L, BT o7 — &~ TRESEERL, HERL
I DREEEAL LTHR U,

V. parahaemolyticus@ikn45HE: L3O V. parahaemolyticus DELEEF % whole cell 4y & L
T, T8 dH Cummins 59, Allsops® 4 L0¢ Abdulla 55 O 4 & HIRLEED FEEIC ESNT
crude cell-wall Eisr & cell-wall HZ 2L 12, FEHORWEOWES Fig L IGRLIZEB DT
PREE2 S 2B 5 2 akBL, BEE L LT 10%EBEIZT 3 X 5ickemA CBBE: L-Db
85.596 x5/ —NIT KT AT 4 RBHE THE->TERICBUTHRBELZH O WIS, XK 30~
40°C DEBITE L THML, L DR —RBEOBRIFES 6 BIRE L THEIEORER 175 - 72, DV T
ROMIOEROKEMA THHIC 25T TS ~5 —THRIEL, 91000x g, I5HRIBLHBEL TH
BRI 2 BRELIIOL, LEE% & > TEODICE Th 3 EHEREE S 2 Ll 3 € 5 729, 22000%
& L AHERHTELSHEL, BohRic o0 TEE—EERLRER 35 2 ERE L TEAR
BESONHERR - 12, COBRLERESEB OB VE & - TAREEL, visking tube iZF L T
0°C OWMEFTHERA AL PRUINS L 22 T TRTOBHLUILOLELIBEL TIEBE2ED, Th
% crude cell-wall@i4} & U THE LTz,

16 - FER OHAE 3 BB OWLROBAIR 0. 05M- BiEkiE ik (pH 7.6) BB v 0L, I &
ROV T — ¥R EBE 100pg/ml 725 L 5RMATHERL, T°COERBPTR4—~5—2k3
PR T Y RS DMLRE 2 1TL o 12 RBISE—EREIC & KISR0V RS & b,
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Cells of V. parahaemolyticus.

. . . , e s B . I
washed five times with Herbst’s artificial sea water by resuspending and centrifuging.

‘; whole cell |

suspended in a small amounts of distilled water and disintegrated by the freezing and

1)
thawing method.

added with an aliquot volume of water, centrifuged at low speed (1000Xg, 15 min.) to
remove the unbroken cells and then at high speed {22000Xg, 15 min.), and the low- and

high-speed centrifugings were repeated three times.

dialyzed i
lalyzed against ————-{ crude cell-wall fraction
distilled water

suspended in 0.05M-phosphate buffer (pH 7.6) and treated with sequentially with
ribonuclease (100 gg/ml at 37°C) and trypsin (500 ug/ml at 37°C) until the extinction

had fallen to a constant level respectively.
washed with M-NaCl by centrifuging and resuspending and suspended in M-NaCl.

layered on top of a linear gradient of sucrose (0-40%, w/v, in M-NaCl) and centrifuged
(1200 X g, 60 min.).

dialyzed against distilled water until free from sucrose.

cell-wall fraction ]

Fig. 1. Outline of the preparation of a crude cell-wall fraction and a celll-wall fraction
from whole cells of V. parahaemolyticus.

REBHEH (B FPW-4B) 2F\, 7 4 v 2 —66TIHRBERZRE LY, B KIS O
BEE WA LILDOT, ZOEN—BRES T TR TRHRBIKE2T2o1, DWT MY Ao 2K
REE 500ug/ml &723 X 5ICMATHEMRL, 261 37°C TlERH T TERROBIEAME 12,
RIS E AR — R SUSRO B EZFE L, BRENRL L0 b—E2 33 TRIE
BRI, BONTEABKOELSENC L 5T M-NaCl T1H®EREL, 2E&D M-NaCl it B8
¥, ChEFICKED OFETRLETICRM LI 0~40% + 2 SERE DR M-NaCl BicERD
LT 1200xg, 603y 2 EREIREL 2L, BOBZOEERZED T visking ube L
U, 0°C OBRERTEHBA AV BREINE L3I TKTERN 2T - O LEL ML TILR R
#£», Lh cell-wall HIRE UTHR LU, 4, BRUEIGEORETHN I HREL ITAKRT
NTrau? 3 v ATCERIMUTERLI,

P EOBETE S NT. whole cell, crude cell-wall & XN cell-wall OFHSMNS FHBEHNRT
= —ZBLTRBECLIIOL, BEEKESILD2-20°C OKEFICE S, ERLITTHS
R,

AEHE: SURESEAL IO V. parahaemolyticus DHHMRB A ONTREE Ly Vv E ~
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NEETRIEL, 12T ¢ / BOREIIERE 10~12 mg % FIED TIT8 - 12 & FHED HEET, 6N
HEE X & S ICEHEINT 110°C, 22BFmEnE, ERRLTZ7 ¢ L EZEAEEL, WEKEREREL
THERZREL, pH22 D7 L BEEIET 10mlicERILLIKR TV BOERIZAST § 7/
Bt KLA-SBICRIE LTz, IRIERRAMRABC L e, I KRIERERS
L240LT, Blxic@sil - 2 R 2 BIEEOES 2RI,

ERRERS LUER

Arizona, Bethesda ¥ X ¥ Ballerup OF 2#k¢ V. parahaemolyticus LRDEFEBR T ¢ /KR
ROBERGR% Table 1 iwRL 1z, Table 1 X3 2 Arizona 2¥ 6 OBANEEAERD Y
TOBBKERRIZ IV 2 SV b o & BB LK 9~1196, DT T 28T X UK T~109%, 127
5=  MBHI6~8%, v 4K 5~8% & IIZFAIL BE THEHE > - 12, Bethesda 2H¥TIZS Y
LUPE~THTH AL FIRT IV RDVTEL, MO 4ROBEERERROY Y v o H4~5%Th
B DIHATEAMER TR L o V. parahaemolyticus DA 1 (0-5) ORIERERIIFEHD THEL
NEBRRRCIIZARL, EEEAT (  EBREROXET  BRiZkho 6 ROMGBERFR, sz
IV, TRANRSKEUEE, T2, nAVUBIRYOLBETHoN, 25 OBRESI
D 6 RRICHBET 5 & 2N ENBWHDIDNMERTRUTZ, $4EOERTIZS S ABREREICEE s
FEoEXA)UBELT D AP EETIROWT LEREZITLY, 7 BEBSMHTELNS 4
FoXBHI A Iu< v S5 A DDA P. ORHIfIE % Fig. 2 257U 7203, D, A. P. 5813 Arizona
PcS5H31. 7% TR0 &, D BERIZ VTN 0. 4~0. 5% HIHL TH - T2 . LZEFKKI Arizona 283 13. 8~
15. 29, Bethesda 2813 15. 4~15. 59, Ballerup 28kiZ 14. 4~14.7% T, v °h b 14~15%FZDET
bo1ch, V. parahaemolyticus 12 11.59% THOBHROEI L Tohah sz, 7 1 2 BSHFIC
& 5 BFRDOENREIL Bethesda 2 112 909% Wi T 4 o & 4 Lh 5123, Ballerup 2 #kid 85~87% THil
BOPD Proteus vulgaris 1 L8 Salmonella enteritidis OBEBEEE & IIFEDOETA H, DWW T
Arizona 2¥ki2 80~849, V.parahaemolyticusit 70% Th - & iz o1z, PLEDRERS S 4t
REGBEAD 7 & 7 BERRBEES DB X > TETOZEND b, SR EM R V. parahae-
molyticus ZEBFERLET L BROFEMNIL, BOBEKR: ORKCCEELEB A L N,
Bethesda 2Bk Tid 7Y © U EEMSHENE WV C 2 BB D SN, T LDV TIIERGLE 2 HE
UT, BCEEOMEE & bic 3o i BRI 2ot BEi1oh3, ThEELD M
XiC Escherichia coli, Proteus vulgaris 3 XU Salmonella enteritidis O 1 BOEEEAIILD
WTHFIL » 128R P, Clarke 5% 3 Pseudomonas aeruginosa ORBBEEINCONTIE » 2R
ik3E, 2607 VBRHERROTR S VE i LB, TANRSIEUE, TS5, uliLll
EWEL, TS AEDT i 2 BROVWTAERD 7 BOERBEERIIVTR L g Bk s
RUTWAH, ZOMD7 3 ?ERTIRESED LN, ZBHIED R~z k5T, MEBEO7 /B
EONWTRMBES IR L aRPF RO T £ Vi3 2 -HOWMEND Y, —WCHED L 2
R7PFFREINIRBELTTS=, Frz2 i B, DAP, Yoy, 2V, TRNITXY
B Av=Fr 2 PORMEREDOT s BBMON, ¥ LREREDL aRTF FBRTY /B
7322, Vv, DLAP 2FEINTVS, ZREROBRE7THINTNE Z S 1 RHEEE
TH3H, BROCE LR BBREEBATRIVE I VBOT I BRI Lid, ThbD—
P LaFPF FEEEL TS D2 EALN, D AP B IALHRBERO L aXTFF FD
BREMO—-2: L TEIN3 DOTREVD EHEINS, , .
V. parahaemolyticus M whole cell, crude cell-wall 4 s kf cell-wall B4>D 7 & BHAR
DOREHRF% Table 2 IR UTZ, Table 2 i k3 LHBAER & wholecell D7 3 7 BHAIZIZITHE
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Table 1. Amino acid composition of Arizona Pc5, Arizona N178, Bethesda NalA, Betheada Ala20, Ballerup K6699, Ballerup
Ballerup M, and V. parahaemolyticus.(g. of amino acid in hydrolysates per 100 g. of prepared cell protein)

. d Arizona Arizona Bothesda Bethesda Ballerup Ballerap (. Vibrio parahaemolyticus
Amino aci Pc5 N178 NalA Ala20 K6699 Ballerup M 0-5)
Cysteic acid 0.13 0,11 008 0,12 0.12 0.16 0.12
Aspartic acid 7.01 8.73 10.23 9,60 8.75 9.82 6.99
Threonine 3.56 3.61 4.20 3.80 3.53 4.04 2.80
Serine 1.87 1.97 2.64 2,50 2.18 2.61 2.13
Glutamic acid 9.31 10.11 11.06 10,02 9.51 10.63 7.7
Proline 2.13 2.79 2.08 2,36 2.26 2.47 2.54
Glycine 3.98 4.95 6.00 6,88 4.70 4.98 3,06
Alanine 6. 62 6.72 8.04 7.82 7.34 7.32 5,24
Valine 4,05 5.60 5.90 5,12 4.03 5.86 2.21
DAP* 1.72 0.38 0.51 0,48 -~ 0.55 0,54 —
Methionine 2.82 1.78 3.93 1,32 1.16 2.7 0.83
Isoluecine 4.09 4.51 5.42 4,83 4.39 4.86 2.72
Leucine 5.23 7.48 8.35 7.2 8.01 7.25 4.63
Tyrosine 2.45 1.96 3.37 2,38 2.21 2.37 2.03
Phenylalanine 3.23 3.4 4.43 3,69 3.29 3.42 3.05
Lysine 4.95 5.80 5.43 6,09 6.00 5. 64 4.40
Histidine 1.35 1.61 1.62 1,64 1.73 1.80 1.15
Arginine 3.26 5.28 5.23 5,96 5.73 5.17 3.10
3 2.32 1.58 2.46 2.72 2.19 1.43 0.67
Total-N g. per 100 g.
of dried matter 13.80 15.20 16.40 15, 50 14.70 14.40 11.50
N recovered (%) 83.55 79.28 92,50 89,23 85.44 86. 67 70. 00

* Diaminopimelic acid was abbreviated as DAP.
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Amberli G 1 . L Amberlite CG-120
}——— Amberlite CG-120 50cm column 50°C ] 15cm column 50°C ———‘
CySO:H Asp D.A.P. Ethanolamine

Val Met NH,

§ 0.5 Gly Ala

£

_,Z Lys

< Arg

T T T T T T T T T
Effluent ml 160 240 320 400 480 60 120 180
pH3.25 0.2N Na-Citrate —f— H4.25 0.2N Na-Citrate ——f—— pH5.28 0.35N 4

k= P arrate Na-Citrate

Fig. 2. Amino acid analysis of the cell-wall fraction hydrolysates of V. parahaemolyticus.

LT, Zivk i BB 8UMIET - 8L, TANRSFUERMBKITY, 77 = H5~6%, 2 Tw

Ao, VoU, T2anT5=y, U0y, TAX=L Y bHEBHE 1205, 205 ORI
#l&iz whole cell DFHRBHIEBMEMDALN, TNEERB LT ¢ /BT L 25 BUEES

whole cell BEVMERFLTE H, COMEIEAED AN 385 whole cell D= ¥ AER
LEHDBEHLUTZ it X3 b D EHEIN S, $ 12 wholecell iTit 0.8% BEDTS/ —v7T §

UHEINGC YRR IN, OB Fig 2 WKL, crude cell-wall BE/MZ 7 & /Bl
BTt whole cell X 13 & AEENH LN 0, 2EHIZ whole cell W~ TAHIL, 71/

ERAMFIC & 2 BROENERIZ & b EVMEZ R LI, i whole cell 2B L THERLL, Ob&E
Wi X ONEER 2T 5 titkoT, »IBREERLEGPVREINIRERLEAOND, cell-
wall D7 2 7 BRI DV TBRUIRERTIR 7R3 X VBB - B K6%, 77 =
D596, N x E VEIHNA% T, DT Avy, T2V T T2, FYvr, N v DI s
STEY, CALTET I 2 BOMREISONEMD whole cell ¥ crude cell-wall ESMCBL T,
DO REBLENEDLNI, I ER6EOT ¢ JBDIED, VYU, TAX=LERUDES

D7t BOMRISIBOBEMNCEATHILL, 78 2B E 37 & 7 BEROKRFHIBOE
S DRPREAMCENMET B o 1205, DT &id crude cell-wall E4% 3 5 CEEHRHLL, ST 5L
LR E->TELOBEHESMEINTRINIC L 2EKT S DL Bbh 3, LB cell-wall EL
B35 D.AP Lk —A7 L OERAGHVTNR LD, Th% whole cell ® crude
cell-wall FEMCi T 2B KET 3 &, O7 L /7 BEBEP LD LT LS EFH-MT 5
% R LTz, BIEE Clarke 5D ORFFERERIC UL, P. aeruginosa DHEER X H1E 5 N1 crudecell-
wall Ei4rE, Thz b)Y 7"?‘/2‘6;6‘) KR ILT —¥THELLTES NI cell-wall Hsy & DR
&7 ¢ BEREEOENA BN, BRUETL-TE£LO7 ¢ 2 BOERIEHEDST 57,

A5 LUE, Fuav iy, D.AP 22X OMBEEERRSE L bic g~ T L S EMENT
AEEHSBEDLNTE Y, REROMRE V. parahaemolyticus {2V Th cell-wall [T gl
SETAERTCNEBIERESBONIIC b, =& —7 L oA EROMIBEERE R
S UTHET 2 THESERINS Y, ZOHAEMEBE ROV TRSRIBRI hQE 352
WEZALND, A5 REBPHEIREOMBEC DV THLbNIRERIC X 5 &, PEEMEME
Pseudomonas sp. (No.101)P® crude cell-wall Fs¥D 7.3 /BERRB 7 5= 22 %<, 2
WTHALEIVEE, FVvy, adiy, TANSFUBOET, PED D.AP BEINTVA
b5, TELEEIFIEMEE Halobacterium cutirubrum®D @ cell-wall B Ciz D A. P. i3 8 Fhd, &
Yook b®l, PTANRIEUER, FANZIVE, T2y, AvF=y, vndvy, €I
DL s> Tk b, REBROUREN V. parahaemolyticus OB NTE S NI FER & ik
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Table 2. Amino acid composition of cell protein, whole cell, crude cell-wall
fraction, and cell-wall fraction from V. parakaemolyticus. (g. of amino
acid in hydrolysates per 100 g of each preparation)

Amino acid Cell protein { Whole cell cﬁlicgﬁg;n Fz:fltz:;:lf f
Cysteic acid 0.12 on trace trace
Aspartic acid 6.99 6.90 7.60 6.38
Threonine 2.80 2.95 3.17 0.35
Serine 2.13 2.32 2.48 trace
Glutamic acid 7.73 8,29 8.02 4.36
Proline 2. 54 2.12 2. 56 0.59
Glycine 3.06 3.45 3.53 2.95
Alanine 5.24 5.72 5.82 5.02
Valine 2.21 4.12 3.73 2.33
DAP* — 0.28 0.32 0.70
Methionine 0.83 0.82 1.68 0.69
Isoleucine 2.72 3.70 3.32 1.78
Leucine 4.63 5.07 5,22 3.80
Tyrosine 2.03 2.02 2.1 1.97
Phenylalanine 3.05 3.51 4.19 3.40
Lysine 4.40 4.58 4.08 1.57
Histidine 1.16 1.40 1.29 0.30
Ethanolamine trace 0.80 0.99 1.42
Arginine 3.10 3.84 3.57 1.20
NH, 0.67 1.51 1.23 0.95
Total gm:f“(’];;"f . er 8.05 9.90 9.81 5.90
Total N g. per 100¢. 11.50 2.2 | 11.10 —
N recovered (9,) 70. 00 ‘81,18 88.33 —

* Diaminopimelic acid was abbreviated as DAP,

LTz hOEVED LN S,

AERCBOTRMIFE 7 7r0, A5 vBERYRERLU L -120, SHRABEAS JOSHR
BCAHD= e FY URIGBHDOE - 2 BERPC L2 FR6 ~TREH LN, b OFk
MRS bEIkER I s s nEEALL NS,

5B AR AT ERERMERROCFEER - B e OBRERH L 12 U & 5 & T 3D Tl
BERRTHH, SREFERCOVTZNEFNEROER 2 HRL, HEOAREMENC DV TARE
HE2eHLMicT S EE bit, ZORREDOEECDODNTHERNZITSID28DTH 3,

= L]

1) Arizona, Bethesda 35 XOF Ballerup D4 28 & V. parahaemolyticus D 1 ¥R BB, 2h
SOEBEADT &/ BRI OO THERMN2{T2 572, 23 V. parahaemolyticus i 2 Tid
% (Dwhole cell X b crude cell-wall B4 & cell-wall ES2SEHERL, 2hoZBEI>O7 ¢ /B
MRz DWT bR E A T2, S

2) HEE7THBROBGERRIIVTNISINZ I VR, TARSKEUER, T35y, n4vLl
MELEINEY, T/ BOMRESREEI IRIERC Lo TETOEMN H b, HREHED
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Bethesda 28R Ti2 7 ) & o MSBOHBRERIC B L TED - 120 T2 V. parahaemolyticus 3 8%
RE, £7 1 /BROBESHBND s L, MMOEEL ORI CEESENBY SN,

3) V. parahaemolyticus @ cell-wall T3D7 & VBERIX 7 25X BB - L $5<, 2
WCT 5=y, VIV, BlYy, 72073522, Y90, NYCOETH-12, —
iz 7 ¢ 2 BROMAREISIZ whole cell % crude cell-wall EAMTH AT, TV BOITICE S
7 3/ BREROBHIZMOBADIITEFOETH T2, ILVTHOENC LPED =4/ —L 7
TUPETN, CHBREREROMIREERINS & UTHEET 3T EESH#E I hI,

O iciEas, FREEEHET & iR ERMAeAY LRSI BRER REOEKELI5T I
KB SLEATICE, AFEEHMEYSEEET 6 0, RERORTRHH INIGHF = FRICE
LB L kTS,

X =
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