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Fig. 1. Sephadex G-75 elution profiles of cyto-

sol from tissues of normal rats.
Cytosol (100 mg prot.) prepared from six polled
tissues was applied a 2.5x 95 cm column, and
eluted with 50 mM Tris/HCI buffer, pH 8.4, at
5C, 20ml/h. 6ml aliquots were collected and
assayed by atomic absorption for zinc.
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Fig. 2. Sephadex G—75 elution profiles of cyto-
sol from tissues of X-irradiated rats.

Cytosol (100 mg prot.) prepared from six polled

tissues of irradiated rats (2000 rad, after 3 days)

applied a 2.

5 x 95 cm column, and eluted with 50

mM Tris/HCI buffer, pH 8.4, at 5°C, 20ml/h.
6 ml aliquots were collected and assayed by ato-
mic absorption for zinc.
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Fig. 3. Reaction of 5, 5 —dithiobis—(2—nitro-

benzoic acid) with crude metallothionein.
Crude metallothionein, prepared from livers of rats
given repeated intraperitoneal injections of ZnSQOs,
was reacted with DTNB (2 uM) in 3 ml cuvett at
25C and at pH 8.4 in 50 mM Tris/HCI buffer with-
out (0—0) and with 5 mM EDTA (0—0) or
1 mMO—phenanthroline (®—@® ), The reaction
was monitered at 412nm.
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Fig. 4 . Dependency of protein concentration for
the reaction of DTNB with metallothio-
nein.

Crude metallothionein was reacted with DTNB

(2u4M) in 3ml cuvett at 25°C and at pH 8.4 in

50 mM Tris/HCI buffer in the presence of O—phe-

nanthroline ( 1 mM), After 30 min, the reaction

was monitered at 412 nm.
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Fig. 5. Thiol and zinc contents of metallothione-
in fraction.
Cytosol (100 mg prot.) was fractionated on a Se-
phadex G-75 column. 6 ml aliquots were collect-
ed and 3 ml aliquots were used for the assay of
thiol content. The others were assayed by atomic
absorption for zinc. Other experimental conditi-
ons are described in Fig. 2. and Fig. 4. (0—0),
thiol content; (@ —@® ), zinc content.
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Fig. 6 . Conversion of zinc-thionein into cadmium-

thionein in vitro.

Cadmium ( 3 mM) was added in vitro to the cy-
tosol (100 mg prot.) in the presence of dithiothrei-
tol (1 mM) and the mixed solution was incuba-
ted at 4 C for 18 hr. After incubation, the solu-
tion was centrifuged at 100,000 x g for 60 min at
4°C. The cadmium treated supernatant was ch-
romatographed on a Sephadex G—75 column as
described in Fig. 1.. 6 ml aliquots were collected
and assayed by atomic absorption for zinc and ca-

dmium. (®#—e ), zinc content; (0—0O), ca-
dmium content.
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Fig. 7. Sephadex G-75 elution profiles of zinc,
copper and cadmium in the cytosol of
liver and kidney from X-irradiated rat.

Cytosol (200mg prot.) prepared from six polled

livers and kidneys were applied a Sephadex G-75

column. Experimental conditions are described

inFig. 2. (@------ ® ), protein content; (O—O),

zinc content ; (@ —@ ), copper content ; (©—0),

cadmium content.
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Fig. 8 . Effects of various doses of X-ray on the
content of metallothionein in liver and
kidney.

Whole body irradiation was administered at vari-

ous doses of X-ray. The rats were killed 3 days

after irradiation. The metallothionein content in
liver and kidney were estimated from each eluti-
on profiles on Sephadex G-75 column as described

in Fig. 2. Data are presented as means £ S.D.

(n=3-6)
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fEE(11.4+4.63) 2R L 72, —F, BRTIE,
Fig. 8 —(B)icsR¥ & 5121,000rad 2 TiZ8m
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M & B L TENEMA RS LN (9.76+
0.68, 10.14+1.11). #1L T, 3,000 rad TI2
EHEFETLZ (7.13+1.76).
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Fig. 9 —(A)IoR¥ & I o T X st
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IHB LT3 ENEMAERH LN T W5 (1.794+
0.334 FE#5 £g/100 mg cytosol protein—6.392
+1.188). #L T, #ntk, 1265R) (9.808 +
2.576), 24BER (12.360%2,100) & BEHN{EI %
L, T2RERECIIATBRBENfE &t T 8.3 1%
DiEERL TV 7z (14,880+1.820). — 4, B
iz Fig. 9 —(B)ioR¥T &2, B MT
nELERL D, BERI2EME CI3EMER
&% (0.410%£0.254, 1.42940.257), BETHiN
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5%, 248FfE (4.17810.850) THmMAERD S
N, BEDNEZTRLNEM TS LI BRI MM
L7z (10.42741.149).
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Fig. 9. Changes in the metallothionein con-
tent in liver and kidney after X-irra-
diation.

Whole body irradiation was administered at

a dose of 2,000 rad. The rats were killed at

various time after irradiation. Other expe-

rimental conditions are described in Fig. 8.

Date are presented as means + S.D. (n=4—6)
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MEFEHNEEI-DWTiE, Oh L HEL T
WBHW, (KR, EE), MELREREL LD
2V RIck 5T MT 0% r MFERDET
HRENTED, MBEEHRDOFRES 5 IZFR
~NFE), FLTMT ~nEHL - 2N
FIREENT NS,

X Bagt (2,000 rad)728sRi%IC 517 5 &
HEBRELEOENE S MT SEOHESER
Table 1i2RT. ZNEET CEHL BT
LB, WEHSE TESBNERHEHLNLD
13, OB, FEBE DT, RRCHE, mETIE

% &L

EREE S L CHERBICHML T, -7,
BB LNT, BRTIE MT
FECEHROEEIBOLNDIC L LT
KELEEFLTEd 72, MT »mL
TVWBEGHETTONEERNEZREL TAHARL
A%, Table ICRT & 510, X REHE, &n
BEICBWTLARNELE RS b2,

10) Sephacryl S—300 ic & % ¥ /ViE#iC BT
5 MEESN T

mFBEHRICOVTIE, BHENELH»E
Lihh o rh, BEE NEEAOTHMERK
WCEAET B Z LML N TE N0 miF
WHMNBEMELLEZ LML Z &b, NRE
* X mEtEE (2,000 rad, 7208f04%) &
DENEBEIT, EHEBENLERFT 2T 1.
Zn#ER% Fig. 10—(A), (B)IoRT, #HL
HESBHPT, 77723 BFF0H»560F T
IZ2EKNNBLULDFESHTRH LI, ZN7TE
LSticiz, RECcE& o7z, Fi2, HBEBENE
Mosg—2 2 RBLIEHLTVED, 3D0F
—7%RLTw (Fig. 100—(A)). 2k 5%
FERA, FDE I A ERICHET 0> +5%
RENIT-> Tk wd', RESZ CHES N
REEBTHEZNDBEHEN T B ESRNOATR
iz, Albumin R o227 w707 > HET
Fhwh &2 LN 55959 Sephacryl S-300
ATLIZE BB S - D LEZDE, 77
7 v 3 »&EE550% 56512 A1 C Albumine(M.
W.=66,000) »BHEINTE), LIy
EICEBLTALE, WREEL KL (R
TIIEBENBETrEOS LN T WL Z EHHL
»T#h % (Fig. 10—(A), (B)). & %L
CRETT B728h, 7772 3 BE30D 540,
41742550, £ L 7515 565% CHREMEL Y
FLu7ae bt DERER,»LEEL (Table
).

FORER, 777 3 FF30H 5401 1F
TiE, NRELYRBABOFIEEE, 797
ParBBEALLOKCATTLIEEYTRLTY
eht, 777 arFESIHLE5ICHIT T,
HiEEEZTRLTEN, Bictk ) iEdoBE
SIS L DHENTTWB I EHRENT,
¥iZ, 77703 BF510 56652 TH
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Table 1. Effect of X-irradiationon accumulation of zinc in metalloth-
ionein fraction in liver and kidney of rat.

Tissue Zn content in level of Zn content in  level of
cytosol* significance MT** significance

Erythrocyte  control 22,262 + 0.913 0.087 + 0.015

irradiation 25,489 +,2.203 N. S, [ il 0.01{ P 0.02
Heart control 18,182 + 0.748 0.910 + 0.716

irradiation 13.825 + 1.734 0.01<PL0.02 0.631 + 0.340 N. S.
Kidney control 26,706 + 1,916 1.737 + 0.662

irradiation 29.369 + 2.286 N. S. 10.427 + 1.149 P£0.001
Liver control 31.842 + 1,794 1.794 + 0.634

irradiation 48.890 + 2,200 P<0.001 14.880 + 1.823 P 0.001
Lung control 13.417 + 2.888 1.096 + 0.210

irradiation 15.648 + 3.072 N. S, 1.266 + 0,115 N. S.
Plasma control 2.320 + 0.249 0.043 + 0.043

irradiation 7.256 + 1,012 P<0.001 O*x% N. S.
Spleen control 16,558 + 2.624 0.927 + 0.203

irradiation 23,340 + 3.864 N. S, 1.726 + 0.578 N. S.

Zn content were estimated from each elution profile on the Sephadex G-75 column as shown in
Fig. 1. and Fig. 2. All numbers show mean value + S.D. {(n = 4-8), *Values are micrograms zinc
in 100 mg of cytosol protein. **Values are micrograms zine in metallothionein fraction per 100
mg of cytosol protein, O%** Not detected; N. S., Not significant differences (P> 0.05)

Table II. Effect of X-irradiation on zinc levels
in sera of rats

Hours after Zn content (pg/ml) level of
irradiation control irradiation significance T T T T
0 1.181 + 0.144 i~ A} CONTROL 1 o
6 1.268 + 0.062  1.162 + 0.169 N, s, [ I 72hes {20 |
12 1.251 + 0.075 1.112 + 0.123 N. S. ) J 2
-~ =
2% 1.135 + 0.040 1.198 + 0.089 N. S. = | | 8
72 1.145 + 0,098 1.018 + 0.166 N. S. € ~
* ha = ] 2
g‘ ~—
All numbers show mean + S.D. (o = 4-12) < 0.3f 4 E
N.S., Not significant differences (P} 0.05) = | Jro ¥
i Z
L [=]
% 0.2 4 S
Table 1. Distribution of zinc in sera of normal o { =z
and X-irradiated rats g ot P
[e]
~N o
N
2n content (pg) . . N ~
Fraction number o ' 0
control irradiation 30 40 50 60 70
FRACTION  NUMBER
30-40 1.422 + 0.195 2.901 + 0.540%
41-50 5.141 4 0,343 7.385 * 0.535%*
51-65 8.759 + 0.931 6.929 + 0.405% Fig. 10—(A)

Fig. - ' i
Zn content were estimated from each elution profile on the 8 10. Sephacryl S 300 EIUtlon proflles Of sera
Sephacryl S-300 column as shown in Fig. 10.

All numbers show mean value + 5.D. (n = 3-4)

* Significantly different (P<0.05) from control.
#**Significantly different (P€0.,02) from control. rats.

prepared from normal and X-irradiated

Sera ( 5ml) prepared from six (normal) and

i H THEEEHE TWwaZ ki3, . .
Albumin £{E TESABAHIETL twelve rats (irradiated) were applied a 2.5 x 95

L ERTo MT s nEROHE T cm column, and eluted with 0.1 M NaCl-50 mM
bot kS e MBESBNET 1% MTo#n Tris/HCI buffer, pH 8.4, at 5°C, 20 ml/h. 6 ml
LRI £ B2 BEmT L0 L aliquots were collected and assayed by atomic

absorption for zinc. (e®—e ), protein content;
(0—0), zinc content.

ny, BicERLRISILELEDbNS.
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Increase in metallothionein content in rat tissues
induced by X-irradiation
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(Director: Prof. Aono)

The amount of metallothionein in rat liver and kidney was increased 72 hr after irradia-
tion by a high dose of X-irradiation (2,000 rad), but in other tissues the amount of metalloth-
ionein was not increased. An increase in metallothionein contents in rat liver and kidney was
induced 72 hr after irradiation when rats were exposed to a single dose between 1,500 and
3,000 rad. Below a single 1,000-rad dose, the increase in metallothionein content was not
observed. An increase in the metallothionein content in the liver was observed 6 hr after
irradiation (2,000 rad). In kidney, the increase in the metallothionein content was observed
24 hr after irradiation. Although the zinc content in serum did not change significantly
after irradiation (2,000 rad), the zinc content of the albumin fraction decreased slightly.



