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HEHER Pseudomonas sp. No. 40iZ3M NaCl -
2,000ppm CdCL % &Lt TRET TS cd** it
BHELTRESLANAVOEKRTH S (Onishi &,
1984), ZoOMWHERE O CA* HH I I o AIRIRE
LS EEL, ZoRMEER A YERRE S
HHTENBIRENTWS (Onishi 5, 1984). 20
BHROBE AR Ca® &I AR IS E AR W A2 1
¥ 5z EhEED b/ (Kobayashi &, 1993).
&5, CAT DA DFH < % 53M NaCl f£1E
T O3 T CACL i fE #50~1,500ppm F TEAL S &
7-3%483MNaCl ﬁET@%%@@{KWCdHQEGi%
BEFE1g B0 RE3Smg CATRETH Y,
NaCl #HE T HEHOBADRL/8ThH - 72 (Kobayash1
5, 1993).

—7, BEERWLHET, EEEORHAENDOIGA
A LERRN R KTORBHRIEIIBELER
O KR, EREYBITESLE0H L Z LD
AL,z EN TS (Gadd and Mowll, 1983).

RIFTiE No. 0 HROCEFFAET TEFE LAE K

(Cd**-treated growing cell) IZBWVT, HWHED

CA™ o LOR LB IS B & & ) — 8 I
ST BRI, BEHHTOREROEREIE R
TEHEIRRE £ CA™ OPBERE L0 TRET 2.
BOE & Tk
1. A

REERZIE, WEERENE CAPTI IR Pseudomonas
sp. No. 40 (Onishi &, 1984) #SHwv:H 7z,

2. &

A (Onishi &, 1984) & [I#kIZ, 1~4M NaCl -
% % {» Sehgal and Gibbons complex medium
(SGC) B & U nutrient broth i (NB) %M
L7z. SGC D3 7.5¢ Bacto vitamin free
casamino acids, 10g Bacto yeast extract, 3g
Na-citrate, 2g KCl, 20g MgSOs-TH:0, 23mg
FeClz-nH20, 1000ml deionized distilled water
(pH7.0) TH»5B. NB QMK IL10g Bacto beef
extract, 10g Polypepton (Daigo), 1000ml
deionized distilled water (pH 7.2) T 5. CdCl:
& NaCliZ#EHEMZ bz,
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Changes in intracellular K* content during Cd** uptake by Pseudomonas sp.

No. 40 suspended in 1M and 3M NaCl SGC medium containing 1,500ppm CdCl..
A, Cd*' uptake; B, intracellular K* content; —[]—, 1M NaCl SGC+1,500ppm
CdCly; -+, 3M NaCl SGC+1,500ppm CdCl..

3. BFRNOIEE I+ BT

HI#k (Kobayashi %, 1993) 12/ L7 & 51
Shindler 5®7# (Shindler &, 1977) It -,
Cd**, Na¥, KTOER* XD L 5 i2f7o7. Cd**
MU 7: SGC B CRHEUETE $ THEE L - Bk
(Cd**-treated growing cell) %4 Ril THEEL, 5
% TCA EWTTC, 154MMB L, EFRNGLE
# (H3Z, 170-108) THlsEL 7.

4. CATEFIMEECHO>NAEFE AV ZEB
Et]

CA®H RO SGC K TR MM F TR L
72## (untreated cell) #1,500ppm CdCl: % i%
MUIME72133M NaCl # &t SGCH#IZ BB L,
30CTO0G MR L C, ZEMIZ CA* ORGAM L H
B K EREPHNL, BRI A VEBEIERED LS
{2 Shindler & D FETIT- 7=, :

5. IR (ICS) DRIE

A OEHIEE (M/Kg, cell water) ZllEYT
H7:DIZWENEB T, IM $7:133M NaCl &
FHRMICBEBLAHEREELSBEL T, MMM
(intercellular space) HICHET AEERZEHMT
% blue dextran # (Lanyi and Silverman,
1972) \ZHEo 7z,

6. CA™"BUAMICHE D LHI & IEHE LiEM D260
nm DIRFEERIE

IM NaCl $ £ U3M NaCl SGC X5 #b Cxf #3g5H
W CEF S BAREEREE L, 1M NaCl
¥ 7:133M NaCl % & ©50mM Tris-HCl buffer
(pH7.0) i, 10° viable cells/ml 275 & 5 1280
ml IZBH L, 500ml HiRE H 7 I A3 Ah, 30T
TS5 MRS HEE L. 208, BH 1RV~ 7Y
Y7L, IM %7:133M NaCl &t NB £ X FK L
TEEBEFHRD LI, #HE EERD260nm OF
KEZRE L. ‘
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Table 1. Cd** uptake and changes in the intracellular Na* and K* contents by Cd**-tolerant
Pseudomonas sp. No. 40

Cd** content Na* content K* content
CdClz

medium~_ ppm (A) (B) (A) (B) (A) (B)
0 0 0 75.0 1.13 19.6 0.184

1M NaCl 100 3.4 0.010 72.6 1.03 18.4 0.154
SGC 500 9.7 0.026 73.2 0.93 7.6 0.058
1,500 18.9 0.064 75.3 1.16 4.2 0.040

3M NaCl 0 0 0 115.0 2.39 14.6 0.187
SGC 1,500 2.1 0.009 116.1 2.18 20.7 0.210
2,000 2.2 0.009 119.2 2.44 20.9 0.250

(A)=mg/g, dry cell

(B)=M/Kg, cell water

& S
1. CATOBUAH IS H AN Nat, KTEED
1k

Table 112, No. 40Hitk% fi 4 O ED CdCL %
&1 1M NaCl £3M NaCl SGC ##THE L 728
O CAHGAAR E BRI Nat afRe KT &R E2HE
LR E2R/Y. £, CATERIZOVWTAB L,
1M NaCl Z &3 Tt CA? ViR ED H iz - T
BN CAP a A ImL 2. —7, 3M NaCl 2 &
Ty C¢l1,500ppm & 2,000ppm @ CACLAFIET T,
FRENEBREE g B2 2 1mg £2.2mg &4 1,
IM NaCl #3054 L ) b Cd* ORGAAAHIE 2
S, COEREIIRETIBONERE K —
HLTw2 (Kobayashi b, 1993).

RIZ, 0L % CPHOHERANDEERARIZHE S
BAERNDO Nats K'ERoZBILERFLTAS L,
3M NaCl Z& {3 T, 1,500ppm & 2,000ppm
CACLHEETTH, CATERMOBAFLIZLALH
LEETHY, BLTRILTwRW, f15, IM
NaCl % & tesE T332 L 2B T, CA R
DRFELHNT, NatERIIZLALR L TH o7z,
L ZAH, KYa®idl00ppm @ CdClTidb 3™ h 1
Pipd o TWBRETH 575, 500ppm @ CdCle
PHEET S &, EHLUTIC, &5121,500ppm O
CACLAFAET A &, MI/A/IZEFTICELLRD L.
2%, THIMEERRHNLZSEVRIEOREL) D
ELLBWI LR B.

No. 40 #% & Ca** MiE MO H & O W (un-
treated cell) ZHWABERBREICLY, HE~NO
ClYERIZE-> T K ERVET 50 ) »HN

7. Fig. 11253 £ 312, 1,500ppm @ CdCL % if
L7 1M NaCl 2& 45 £3M NaCl # &5
ETRHENRER CAT DR AAIY — VICHE L E
Mhot, WHELEE1IETOEMER Cdr O
ABNHNIEBEIND., FORITEHE & HICHEAIC
ML Two7:. IM NaCl 2 &tk i Tid3M

" NaCl 2 &HHEMOBELHRTH THHE L Ca™

#HGAATEHE D, untreated cell 12 & BHEAAKIZE
WTLRBBREFTEFICHEL VLI EAHLRIC
Lotz THUIK LCHiRO KT EROERINZELI
1M NaCl Tizig4d L, 3M NaCl Tidgd Liawz
EhRENz, Bb, CA*MERMD untreated cell
R L72600 Mo BBRBETEL AR, e
DWEED CACle ZMA 7K T T £ <8
#L72HE (Cd* -treated growing cell) TH S
N-#RTH D Table 1 OF—7 2T 5,

2. CATEFMTIEE L -Hx (untreated cell)
OBERDTO CATICH T 3 EBAEBEHR

ZhETIZ, CA* 2 ELSGCHEBTHOAEFTHET
No A0EHRIABMNBEEHARE R T I L RELL
(Kobayashib, 1993). ZHTEZOHR L LY —
BYREIC T A 72012 Tris-HCL buffer B & iz T
FANF—FEE LTIV IVEEY —FEMABET
DEFEHERICRITT AERE & CAOEEEH~,
Fig.2® (A) & (B) \ZRT X912, AR, L&
RN S L VAIRBEICB LA A V-
DOEEIZBR R IZEA LEFEEORAE R, #&
HRPOREBREOEBICL AV ay 7 3TO LN
W, —4, Fig.2® (C) & (D) WwrR¥TkHiz, &
RAHRIEBEIIBTE, TAVT-ESRVEAREK
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(A)1M NaCl medium = 1M NaCl buffer (B)3M NaCl medium =3M NaCl buffer

Log1 ¢ viable cells/mi

Log1g viable cells/mi

o—0—0—0—0 0
3 4 5

Culture days Culture days

(C)3M NaCl medium = 1M NaCl buffer (D) 1M NaCi medium =3M NaCl buffer

Logi viable cells/ml

Log1q viable cells/ml

. \\
0- Q 0
0 1 2 3 4 S 0 1 2 3 4 5
Culture days Culture days
Fig.2. Effect of NaCl and Cd** on the viability of Pseudomonas sp. No. 40 during in-

cubation in 1M and 3M NaCl Tris-HCI buffer.
—[J—, NaCl buffer; ---O++, NaCl buffer+Na-glutamate; ---O-+, NaCl buffer+
1,600ppm CdCly; *+A-++, NaCl buffer+1,500ppm CdCl:+Na-glutamate.
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HRDT BH5, TRVF—ENH D EERRITRI L
%l lrot. CACLOBBIZDWTIZE L WARRRE
IR L4A, Fig.2o (A) & (B) OkE»5,
1M NaCl ®»#4%38M NaCl & 9 & Cd** o#HERA %
SR, TV IVEY—FORMCE D Cdr o
FUHIBMEIN TV, IS, ZAVF—ErHs L,
IM NaCl # & &2 51M NaCl &1,500ppm
CACL # R L - RS s S & 246 Tt Fig.
2 (A) ITSRT L1, EHBOBLIRBPR,IR) 3
BECid Ltk 40, 5HLEHHEIHMLA.
2%, KEKROEFEESRIEOY 3 v 7 2T
WEBRREDFRLFEZEZ S L, ZD1,500ppm
D CACLIZTiH 2 B TE X R o A L /2 2
EHARHERRD CAP TN B ETIEIE TdH 5 & HWT
L7-.

IANF—FELTINVY I VEEY—FEMRD L,
CA* DHUEHBMEN-DT CAETOREAAR % AN
7:. Fig. 312"+ & )iz, 3M NaCl & T,
CAHAABENLI LV DD T VY I VY — 5
moEEEiZ- &) LW, IM NaCl o5& /v
¥ IVEEY -V OEMCE Y, BEHR605 T Cd
PUARD A2 e TWwh., TOZ L 5HIM NaCl
OBETNY I VEEY — T ORI & o TEFEHED
B SN DF CA*T DPGAA N K- 727z L
EEEND, B3 LHEOENHRIN (260nm) &
Fig. 4 12RT £ 912, CACLERMDa > bu—u
& CACLEMD Y4 b 3#£121IM NaCl % & LR
HFH8M NaCl % ELREiRh L ) bHL,IIK
Xz’ BlbH, CACLIBEMIZL -2 TIM NaCl %
SUHEEBDTIR, CAToFEMITRERL, K'Y

Cd2+ uptake (mg/g, dry cell)

Incubation time (min)

Fig.3. Effect of sodium glutamate on Cd**
uptake by Pseudomonas sp. No. 40
in IM and 3M NaCl Tris-HCl
buffer containing 1,500ppm CdCl..
—O—, 1M NaCl buffer+1,500ppm

CdCly; -+

IM NaCl buffer+

1,500ppm CdCl:+Na-glutamate;
««Q-, 3M NaCl buffer+1,500ppm

CdCl; A

3M NaCl buffer+

1,500ppm CdCl:+Na-glutamate.
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A)1M NaCl SGC = 1M NaCl buffer + Na-glu

0.25

0.2

0.15 4

0.D. at 260 nm
o
1

0.05

Culture days

Fig. 4.

B)3M NaCl SGC => 3M NaCl buffer + Na-glu

0.25

0.2

.o B
-—
[%,]
1

0.D. at 260 nm
o
n

0.05 - .:'...-..

Culture days

Effect of NaCl and Cd** on the leakage of UV absorption materials from

Pseudomonas sp. No. 40 during incubation in 1M and 3M NaCl Tris-HCI buffer

containing Na-glutamate.

—[0—, NaCl buffer+Na-glutamate; -+, NaCl buffer+1,500ppm CdCl:+ Na-

glutamate.

ROMPHHE ), HIBNEWORMSKE < %
BTEERLTVS.
% £

CA* 2 LOELBOMAAIIEES K Oighic
220D =0 HL2ENHOLNTVAES,. 12iF

Cd** % Co** DHERIN~DBGARIZK LTA F v 85

Y ARMERET B O OLERRRIZIRIC L D HBEA
K'RITdH 5.

Saccharomyces cerevisiae (Norris and . Kelly,

1977) *° Aureobasidium pullulans D EEEHAEMAL-

(Mowll and Gadd, 1984) ThO#H&dH 5. 2"35
D5 — 213 CATDOAGARIZ L 2 ERD KT O H
LEBDIERBOBLHFRELDIDT, ZOEREIIX

Cd* ik aRMMM LMlaR BBt L s 8nT

w3, &5612, Gadd, Mowll (1983) ®#HE T,

0.05mM CdASOFFET ? 5 4 M THREEF 1 mg 4
721 50 nmole ® Cd** HLiA & & 330 nmole @ K* o
IS ORH, PCICEREMI viable cells/

:0)/\"57—-‘/@/*’3/@?55.

 ml A%990% b AT S S EERLTWA, 0F 1,

BERHZBIT 5 CAP B A =X oD 1 DI HfLiE
OBIETH Y, TN Lo THIENO KTOKRRDOR
HMEMBOEIRI LI EERLTVWD, fEoT,

Table 1 IZR SN2 & 512, CA* MR No. 408D

1M NaCl HTOHBHIIBIT 5 CA RAS IS B

R KT OBEELRUIIAEE IO TR SR
HETHAH, Lad, NaCl#&F 9, Kv Cd™ig
ETCHEZzHo TRENZ2FHDO Y- L KL
WBEThs. SO &k ClitHEDIEVIM

~NaCl HTOEE#TIE No. 40B#kiZ CA2HIz & v EE
BEAISEEEZITH W L ERE LTS, i,
3M NaCl FFET THRERD CA* T P A58 v it

L CATI L A EEAUDSRB EZ T I Wiz LR
N5,

Kz, BRMO Koo b EBWICEERZWED
RHPRZI TR EEZLNLDT, Z012E L
T UV R EOERBA~DRIL 2 FR7z. Joho b
(1984) 1 S. cerevisiae DRI T2 Cd** % &
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CLRBEOELREA 4+ V2 & 5 EGORE £ 260nm K
KR OMBNA~DRBHIZE h FXTWS, Cd™,
Cu’*, Zn** (%£1.0mM, 30C) #%260nm B E
DEENA~DREERET S Z LA RSN, Ca**
LEDBEEBBAF Y ZZOHMED 1 2L LTEHSOHM
JAIciBE % 52 5 Z LR & T %, Table 1
L Fig 4 IRLTWA X ), CaA ik EiFia
Pseudomonas sp. No. 4028w TH1IM NaCl %
GLEWT CATDEET S L KT ORBAZTTR%E
{, UV RIUEOEHENA~DORLIFRDLNLDT,
CA* iz & » THIRE AR 2 2T CEE R EES K
BELITVWDL I EARM Sz, F7, FRICER
BilEORER (Fig.2) »6, CAPic &k sEattn
BIBLLLICATEROBL I RAB IR, 61T,
IM NaCl fFE T TIRER KD — BB L5128
T3 EBMBISES b e THE SR (Fig. 2).

PEDXSIz, CENCL o TAWMRITHIBE D
EBEAEG 2T, TS CAT oI B 51IM
NaClEETTIZCA ik 2 KYE UVIRIUE O
HENNOTRRE L H2HROBLF IO O, KHIZ
w3 2 CATOHRERD 1oL LTHOEHIES 5
Z AR E N, —F, CAHELEE (B
3 23M NaClHFETTRARKI LD KV UV K
B ORHEAIM NaClFET LD FELLEL,
CAIZE BBEDRWE R L, ERHBEOBI D
BOTORWI EHPHALMIR o7

hEEITFYE B Pseudomonas sp. No. 40T, 3M
NaCl % &% SGS ¥#:2,000ppm CA*HFETTDH
BN KT &R, CITBAMBBOBELIELA
YRLUTH o/, L L, IM NaCl & T8
3 L7-HiAETIR, CATERMOYE LK, 500ppm
MEo Ca*F DRI L ) BAENAD CAHBUAR IZ
PEOVEER KYERAIELSBP LA, 2ok 2B
i, CTEAIMEHTERLAHEEHCVT,
1,500ppm Cd** %ML 72 1IM NaCl % 7 133M
NaCl # &4 iE#ToH NaCl & CA*TDEEEZRFT L
IBAICS, ERmMEIcERLA. o T, RERIC
X, No.40F#HH C3roHEMIHENZIM
NaCl # 8L TRE SN ZHE CA2 OBGA RIS
v, KIEEMRTTLI LI 1M
NaCl 2 &4 ERh Tl CatnHFER DD IZEH

WCEBBSRYTAH, TIVF—FLLTI VY3
VY = ¥ REMLEE, CAPt o EARMS
n, —HRSL-EEEEARELZ:. 20 Ccd i
3 A EEES L CAOERAANRA L2 ki
R - (WA

a4t [

FER IBE RV RwokEEES (BRBRE
SHEER), BRIV i IR E R
LERRICL L EHEH L ETS.
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Summary

Intracellular Cd**, Na® and K' contents were determined with Cd*'-treated and -
untreated cells of Pseudomonas sp. No. 40.

The K* content of the cells grown in 83M NaCl SGC medium (Sehgal and Gibbons

complex medium) with 1,500ppm or 2,000ppm CdCl: was almost the same as that of the
cells cultivated in 3M NaCl SGC medium without CdCl:, whereas remarkable decrease of
K* content was found in the cells grown in 1M NaCl SGC medium with 500ppm or
1,500ppm CdCl:. The same results were obtained with the untreated cells suspended in
1M or 3M NaCl SGC medium with 1,500ppm CdCl: with 60 min incubation.
Viabilities of the cells were remarkably decreased by Cd** in IM NaCl buffer. How-
ever, they recovered their viabilities with the addition of Na-glutamate to the buffer as
an energy source. Consequently, the physiological adaptation of strain No.40 to Cd**
was also found in 1M NaCl buffer, in the presence of Na-glutamate.



