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Studies in the Bacteriological Chemistry of Shark Muscle Spoilage

I. On the isolation of urea splitting bacteria and their urease activity
Takahisa KIMURA

Abstract

In the present work, the author has isolated urea splitting bacteria from spoiling shark
muscle, and observed their urease activity and other characters.

The results can be summarized as follows:

1) Twenty three strains (K1~K23) were isolated by enrichment technique with media as
shown in Table 1.

2) Five strains (K6, 8, 9, 10, 13) had stronger urease activities than the other strains.

3) Among these 5 strains, only one (K8) was able to grow on medium using urea only as
nitrogen source.

4) In 3 strains (K6, 8, 10) among those 5 strains, the strength of urease activity was not
influenced by existence of urea in medium, on the other hand, in the 2 strains (K9, 13), the
strength of the urease activity increased.

BIERY 1S F TSI v A IROB SN B M BEOTER L 7 2 MR D urease GO L % BIEEL
T, ¥ ARDBHAAT 5 RESROKRKLGTHMEOHEICL 5D TH Y, HMEHMR O L urease 7
Pl OIS CBERE D B 155 5 EHERL o ¥ 2 ADBSGCIAY 2 IRFESTEORI 45 RIS HRANTE
IZEB23DTHS D LRI T TICEKD, BEY, RBLEICI D TIRESNTVWIEIS5THY, —
JERYTHS LEBALND AL b ¥ AR T & OB RO & 9 & O BFHEORRIE DG
BIREOFFEGTONS 0, RREREY, BIEANIZHM, SRR AR oMY, {bRHRED
Z5{bhs urease T i3 urease URRENC & DR BBy KT T 0SO RS TIIFRA WD 9 Thiv o FHE
B LS FEHT A B YRBEOHME LT, ATARICR CQUIBMERIC R 5 ¥ AR & ISR~ 28
wHERT, SRR ESHICBERORG- L Bhon ATHE20R kY 3 L, FIEO urease HME 2 HIEEZ L ,
R oZoWEYHEL TETORESBLN O THRET 5, IO urease 712 BE ¥ 2 BF 5814 <
Musaclus 73 R RO R ZS IR DS Micrococcus ureae |2 L 25 %L 0L T b & OPESHES N
THY, BITICHR TP Stuart®s 2 1F Ferguson 45912 & % Bacillus proteus ¢ urease 7514, EvelynZE™) 12 &
% Brucella O urease TEYEICEE T 2 BIeiEni e ST 5, AL ZEOBIFED % 13 bacteria @ urease
I E Y —EOME R DX 5 B Al 2BE EOHW TN b OB SR Ebh 2,

1 #RHOSMRUVSBBO=0NR

% B H &

1) D85S OO RRILCHVG L EEIC OV TREORR, B, BEE ORI 2 &> ¥ 2
(Mustelus manazo Brarrnr) % ERENIZPHIEOBRY B CHEREL T, 102 FORBERR Y >
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A 224, 15~20°C IChk L o8t 5 — 5 H I CMET homogenizer (2 THARE 20 U, SISV
LETRIAAE K THEYICHBL , RICIR~ 54574 Enrichment techniquedtZ & Y #iTE % 58 720 HI% Table
TISRU 7 3SHEOHFAREHN . FEREAIE - ER T EEL 30°C THEE T 5 &, W 24~4885IC TR
BYRHONBDT, ZO—HEF % F—HHED
B RS T 20 2R EDIBIZEORIES &
Medium I } Medium II Medium [T T b 2 HI0BHHEIEC 2 R Y $EE L 1284,

Table 1. Composition of media

Urea S0z | Urea  20g | NHCI  6g [P SUBOBERHELE v TH SR ) RSB Y
K;HPO: 0.5g | CaCl:  0.1g | MgSO:  0.2g 11270 RILORATIRIC LAUIRA EXEHL
CeH:0:Cas 10g | Beef ext. 5g | KH:PO;  8g FA—HL 32WEEO=w =—2 45 XTable
(Agar 20g) | NaCl 0.1g | Na;HPO: 6g = 1IIRT 3EOBHZ v 7cEHNTE T medium
Water 1000ml | KoHPOq 1g | Glucose 4g I RUMCHET AT~ RENEEED
pH 7 FeCl:  0.0l1g [(Agar 208) NTWBLDOTHY, X medium MCFHET 5
MgS0:  0.3g | Water 1000ml 1,3 —#%i- non exacting bacteria & Zp i, N
(Agar 208> pH 7 LU THESEIMCEEL < nTET, Wb R
Wate:H 1200ml BRESRBRAPTRC EBONAHEIZLZ 50T

Hho :

i) SO _=0MEE L THETREOBEY HHIC X VERL, JHHO LR 3 Bk UEFaER
KA 2 H & PlIMEEHC L VB L1,
®= B & R
DI E O T BT & 0 5L 1o TS Table 2 12740 < Bacilli 128k, Cecci 11BEDE 238K T, O™
medium I 12 & Y 8L 72 b DA K1~K3D3i%, mediumILiZ & ) 5881 72 b O K4~K 160138k, medium
Mk Y FEELIZ D DOPKIT~K23E TD 7HTH %, LIE2BRROMIE L Table 2 1R o Fh 3
WEEREHMC R RHE L, AR 38T ARE BB LHEEYEL  Table 213U co I NfHE
LTHREDOALEHET % medium 1 1213K1, 2, 3, 5, 8, IZRUKR2D 7LV REBHLBLoeoks, N
LU THEFEDIC Reef extract ¥ 3 & s medium IL (ZI3ET ORI 2 TS BB LB S, INE
L LT NHiCl D4 % &t medium B2 13RO PEBOMIERRE Lo
I SEmiEo urease
® B H &
1) BRpkiEshic & 2 EPERlE ¢
KBTI THEEL 72ME K 1~K 230238k # Scheider® DF I fv, 87354 LT, metacresol sulfon-
phthalein % &isPEIARDEREH BRIERIIEREL, 30°C IS TURSRRU4SEMELE L, REOHH
W& BIRTREOE LD O urease TEME L EIER L 100 16, RTEEOEELRT D b IHORSH T TR S
bDE(H), ZEUSPFELITRIALDOE(H), RALTDOHOX(E), BIOEHDE(-)ET S,
RRBOA RN B —EeH % FIv TR 2 b O PR E Lz,
ii) Warburg #FEEHC & 2 PelsiaR 2 i4mE urease THMEDE BRI ¢
K53 3EMITE % bouillon—agar B U 2 245327/ bouillon—agar {23588 L , 30°C T22~24R5REsas » 10 VB0 Bk
ISP8CEBE L Bkis T 3 FIskiRBE Bk L Y Har (C) 7410 Z— % F~T/K % blank & L BE&E)S
30% & 72 HERARIKIIEE S Lo, TNYEHEEL U TTROMELHTREOST L W ET 3 CO 0 Y
Warburg $FEFHC & D —ERRIBICHIE L, RS urease [HM: & Uiz, HIESME, BES30CT
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F 5 UEEtRElig 0.5ml, #SREAEF 0.067M, phosphate buffer pH 6.9, 1.1ml
M & 2M JRFEEE GERBRE 0.4M, $92%) 0.4m}
Bl & 20%KOH, 0.4ml (O8]
THY, T TORETERTRIC L2 0: OMBREY CO: DBMEKEL 720 #iflH 4 DHIE urease DiH
RISGEHHE - Th 5 EBA LT, BUCHEEY OREIC L NIIBEEOMIE urease DEERE pH # JlE
L, SLFo0FNERmd b E BT 355, FHMTESHROM« ORBEICHEEZ DL » LHRIET
I EEETH Y, IAHEOHBIEI IR TII LN THRESNE Y LELE LW LBDNIOT,
AREBATIE 32040 ¢ Sumuer SRWps {87 JIF Rk urease DIBSEMET & 5 ¥R IRFRiRIE2.5%, phos-
phate buffer pH 6.9 %+~ TOEMKCHEH L o X PMERIC LIUIBERC L Y SDOMES H 01205,
450mu 7 41 X —, 10mmF 21—~ Y T, HRE30%OTERE 1 ml FiC dry cell 1.8mg # &4, OB
BOMBICR TRERTO dry cell RN EE & B L (IERWBIMRICH D Beer DERIZEILL 720

Table 2. General characters of the isolated bacteria

Strain Growth character
A) (B) > Medium Medium Medium Bouillon
No. 1)) an i agar
24nr. A8nr 24nr! 48] 24w 48w 24wy 48
K 1 C I 3 S - e e -
2 C I 3 += |+ | £ x| - =]+ | F
3 C I 3 + + == += | =+ = | ++ | ++
4 B I 1 - - + + A R
5 C I 5 + + + + + + 4+ ++
6 C 1I 5 + + + + + + + 4+
7 C II 5 + + + + + + | ++ |+
8 B II 15 - + + + - - + +
9 C 11 11 - + + + =+ + +4+ | ++
10 B 11 11 - =+ -+ + - - + =+
11 C II 21 - + + | ++ + + |+ e+
12 C 11 24 =+ + + + + + +4 |+ F
13 B II 24 - - + + - - + +
14 B 11 24 - - + | ++ | + + | ++ | ++
15 B I 21 + x|+ + + + |+t | ++
16 B I1 5 =+ + - - + +
17 B III 1 - - + + | ++ |+ | |+
18 B II1 17 - - + + + + + +
19 B 111 17 - - + o + + + +
20 B I11 28 - - =+ + + + + +
21 C III 28 + | = + + + + |+ |+
22 C 111 1 + + + + + + |+t ++
23 B m 2 - - 4= + + + + |+
(A) Form, B—Bacilli:- C—Cocci (C) Days of isolation
(B) Used medium for the isolation + + abundant, + moderate, =+ slight, — negative
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Table 3. Scheider test of the isolated .

bacterial urease

Strain Urea Urea
No. : cont. ! {ree
K1 - -

2 — p—
3 — —_
4 + -+
5 + -
6 + -
7 + -
8 + -
9 + + -
10 + -
11 + -
12 - -
13 + -
14 + -
15 - -
16 - -
17 ++ +
18 + +
19 + - ++
20 - -
21 + -
22 + -
23 + -

4+ + colorimetric reaction (yellow to purple)
diffusing from the surface and beyond
half the length of the medium

+ diffusion from surface and not beyond
half the length

+ colorimetric change at surface

— no change

= B & R

LI EDFHIC & Y B35 O urease TEME % MR- 8857
U 7o#5580% Table 3 12/ 724K, ureaselGPESS(H) &Y
BENEDDIKODIKRDALT, (F)EHABENEHD
138k, (DDEHESNZ LOBETRH LN, AL
DRROZTUERLHESEHEEOm BohioT, &
WOFHUZ L YV EED bouillon-agar KU 2 %RFRHEM
bouillon-agar 23 E& 3 EMRD urease &M% EE&ETIC
HWEL -85 Fig. 11RTI Ch 3, Enrichment
medium & L T medium IT % fiv-To8L 72K6, 8 9,
10, 137 5 BRI IFRFANITERMED TR <, MMOEBRIZA Tidks
WEHTAREEESBOON LDl XIDFERIL A
THAL i < = DHsh 5 b & —BC IRFEFME U T
BLUAERISETHNCREE L b OIS L ETIEEES
BWRLTHY, HBKORUIBD 2N TIIEETH
b0 L EDOBESIBED Qo (dry cell 1 mg A% 1 BRI
ISUTET 5 CO: D&, AERICNTIIRBIDINFHIDOK
JSRC & DAL 72 CO DED LEEIC L DR ) #3RDT
HANFECP S picBliREN 3 (Fig. 2) KK L LT
B SERAF TR O — BRI oA & " E T % Bac.
mesentericus ruber % [ Pseud Sluor Micura
ik < bR FMEORR N ERLE DN TV 5 Bac.
pasteurii (Mrqurr) KU Gale'® psfig urease DORFZE
1CHVS T2 Micrococcus Iysodeikticus O JRREGMERHIZ T
H L 2T O urease T # BIRMEOFERIC & D JIE L 708
HU3 Fig. 8 IZ/RTIAK Th 3, HIn Micrococcus Iysode-
ikticusD A PREOEMER L 1228, #ho 3EIIFRA &
EBHEH &3~ EEW YR E LDl SRUMOIEME 5k
D 5 TR O FPIHERNEMEOME Do K S BRICHY T 2128
TdHDlo 1] Bac. pasteurii DIEHEL T & 7 > B3 ES
KHETH 5 oA RIS HISER T L ) 8 hn
bDTHBEEEELCERTH SIS pob b Y RER
TESHIN S BEERTEE R #1720 T b BB R B b F,

SRS LA B BT ISR L o b DT R EEA BN D,

5

Bl FOEBREER S LS o 20 < SWRYIRFES I BIROS T DO TII R E R I TFRO L LB
238k D PR urease JEHEDTR DD 7o d DIE 5 BRD A THMIIFRA & HEH T~ ETEMHSERS LT, HEES
#3 T < C Enrichment medium & U C medium IL 12 & D FEEES N SO TKSHEL IR SMBDIBRIINEE L
TRFEDOLD medium I 1I3FEA E BB X RS KD ¥ &, X Enrichment medium & L C medium I |2
L0 SRS N SRR UMD medium 12 & Y SEEE L7 OO medium I IR ERIBELS Dz 4 8RO 7 #E
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Ki 1K1 K18
401 0 401
20t 2f _— 20F
0 D 60 90 120 180 0 30 60 90 120 150 ° Klsg 60 90 120 15 Ke
LY w0l K12 w0l 360 L
2| 2} 201 ry
0 Kso 60 90 120150 © 30 60 90 120 150 9 Kgg 60 90 120 150
K
w0} wl KM 0} 280 s
20} 20} 20| ———2
=0 30 60 90120150 O 30 60 90 120150 O 30 60 90 120 15
Ké K15 K21
&40r 401 40 200
s 201 2t T
e —"] 1 1 1 i . 1 1 1 1 160
0 K350 60 90 120 150 O K?g 60 90 120 150 O Kgg 60 90 120 150
40+ 40t 40 120 -
20t 201} 20
r I A 1 ) 4 1 |’ 1 1 1 1 1 80 1
¢ Kso 60 90 120150 © 30 60 90 120 150 °' K§3 60 90 120 150
ol w7 40 40
2} 20} 20
0730 60 90 120150 © 30 60 90 120150 O 30 60 90 120150 O 30 60 90 120 150
Time min
K8 K9 Kio K13
360 - ) 360 |- 360 gor
320+ 320 320
280 | 280 280
240 240 240
200 |- 200 200
160 | 160 160
120 120 120
80 80 - 80
40 I 40 40
L L 3 1 1 1 — 1 1 1 \

0 30 60 90 120 150

Fig. 1.

Time

0 30 60 90 120150 O

!
30

60 90 120 15
min,

O 30 60 90 120 15

The urease activity of cell suspention of the isolated bacteria that

was estimated at 10 minuts intervals in reaction by Warburg’s

apparatus at pH 7.1 and 30°C

@ the cell grew on 2% urea containing bouillon agar
O the cell grew on urea—free bouillon agar
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Strain numbers

ki [Pq
K2 ’0.
]
ke [© o
b
Ks P o o 200
K6 _— A
s —©
" —e ° 160
N —
Ko [ ——° <
" 9 o 120 -
K10 Py g
F————{ N
K1 le ot
Kiz[ g ©
K13 ° ® s} B
KME. c
K15H 1 1 L 1 I
K16 0 30 6 9 120 150
) Time min.
K[ 2o . .
ak—o Fig. 3. The urease activity
_K_a_.—?-o of cell of 4 species of
Kl L e preserved cultures which
K0 o grew on 2% urea con-
o taining bouillon agar
K2t °
K22 _____.o These results were estimated
K23 °. in Fig. 1.
T T T T | T T (A) Microco lysodeikticus
icrococcus lysodeiktic
0!
100 200 300 U 400 500 600 700 (B) Bac. mesentericus ruber
Qco. (Urease) (C) Bac. pasteurii (Miqrrp1)
Fig. 2. The QCO. (urease) of the isolated bacteria (D) Pseudomonas fluorescens
These were calculated from the initial 10 minutes reaction. Mreura

@ the cell grew on 2% urea containing bouillon agar
O the cell grew on urea—free bouillon agar

DK 8 Bho bk M DIEBRICIITEA ETEES TS b h oo Eh L NRE U TREOL * STcihic B
LBAMEERAE AT L b urease FEHEDTRG LIRS T REBUIFE Y BMHBET 2 B5HEE 5B
BAYHELTHOFE L VEENHTE 0TV EELLN D, RREORY ZobellZWN 1M
U 3 RS CBET A PR R T BESTMEI RO 3B A S0 S LIBHL T3, BIb

a) NJEEUTREOAT OISR E ¥ RT 2059851 5 RESRERI 2 BT AL D

b) NFL L TREOATHIESRE U BOEBLREIEYITI D ‘

¢) NEL U THEREDANTAET 2B NIFRA L REL 2 OB RSF HET T
SRBELHOERLRFESRLYGTO LD, HThb,

P BEEOLBLULFTRO 5 HOPK SHRII D ICET A b0 B KSE, 9, 10, 13D 48Ec) iz
X K1, 2, 3, 5, 14, 2203 ) ICBT A L DTk LA bR B, SRURE S BRIV TR b 2REZ»
BT RaEEHICFEE L IR T LN O urease TRIESFD b, #HCKE, 8, 100 3BKIRE LY STcithhic R
HLLHEEDS, &AMICRELCTHERDIRA L AREOEM 2 R REOBROEIEIZIIFRA & EEED
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M ThY, HEOWBRIIA T urease [ IREEEERICERE SN A b OTEI RV LEADN S, — 7K,
13D 2 BRI T RE Y S ToB U BE L IR S 212 B R Y RL TH VI K 9 BRI T E
L ¢, HEE2 BRI T urease S IGHNC AR EN L DD TH S H LHEA LN, WTFRICL SEPERIC
A B A ph b EREAC urease TEPEDTRY HITE 5 BR % BT 5 HosHisk, BEEOMEIEIFig. 3 RT R
D —EE BT D Z U LT 5 MR AT H 5 L5 D BTeh b#E A THEOMIEN ¥ 2 AR BUI AL
ARESRCEELFE Y RLTVAED ) ERIBIILMREA LN I BT, SISO D urease DE;
B O TR IR OB 2RISR 0% urease ZEFEL & O A BUT T 28T A 30T & D RERR
P30 ammonia BAEMEHIHO—BIL L V183 LEALN S,

B bl

BISRICB 187 S R HGETRENC NG 2 9 AR L ) Table 1277 3MOKEHE > Av~, Enrichment technique
&0 IR RS BIROIR - & b 223k B, % O urease TR BIER¢ 5 1 230k DI
DHKE, 8, 9, 10, 13 DI 5 PRHUSEINTESR, O SHOMNE & L TREOLADOEHN - FEEL
B3 DIIK 8D 1BDATH D, XK6, 8, 100 3HRIIATIZIEHIRBORFEOHLEIZ £ OIEEEIFRA
EPESN T D SBRICA Tid urease | IFERBF RN SR ., XK, 13 O 2RISR TIIHNC REY R
AT AL D IEREESEAL, HECR TSR T 53D LEX DN, WHhIiCL AHoMs
TEMERE OB TR ¥ X AR B RESROETAREE 0T THE 5 LRI,

RV ICEE A, AEEOMEEE 2 B o AR EEE, BEEROMIGE ¥ B0t AREWERYEEE, Eik
(Bac. pasteurii MIQUEFL) D538 % I 1o B REE NS B i se T SRS WU 1 o RO — 3 2 402
ENToARRE ) NEE ORI REDRE YR T AKBTH 2,

AT O — SN ER SRS K2 b DTH Y, KRB HRT 2,

pa [
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