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T7AIvMm, EEnERREL, HETT
IMIAHETICHMD 5\ Id BT & DAHHEE
ICTHTCLTL ) FHEARRGERTH Y,
Menkes &2 & - T19629E R M BE I LT
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REFHRENNSWRTE CEBREL LD
Thb., FAEEMFEIIRVL s FLAEBET
TEIR22~25C, ABI2EEMYA 70 THD,
far e L CIZER (4)) v 7 LR, MF),
HbHwk (A&x7v 7, CE-2) 2ERHL,
FEDKE L TidkBA2EREL 2. EBRICHER
Lize 2L LTid Ml <72 ¢ LT hemizygote
(M1/y), homozygote(MI/MI), heterozygote
(Ml/+), # L T normal(+/y, +/+) Tk 5.
7¢ 33, homozygote & hemizygote (3835 % iE
ST IULI6HE T TICI00%ETT 52 05,
Nishimura®?O FEIZfEH > THEBZLTHAT
CuCLBHENE TES #1T- 72 (50pg/—M@),
gL B MT @filzEld Sephadex G-75T
NDATLIR2 T T T74—=0d VBT -7
7 ~9 H4T225~30IK, 8 ~ 984 T3 8 ~10
Po b FASE L - B A 23, 0.15M KC,
0.5mM DTT, 20mM Tris/HCI (pH7.4) %#m
RATKREZR—F 20% w/v) 2RBL, W
AR E2E5 01058, 1BENEL
BT, ZOoOWEESE (1 SHER»L1F
b L7z 8&) % Sephadex G-75(Pharmahia-LKB
Biotechnology) ? % 5 4 (2.5X90cm) =t
T, 50mM Tris/HCl (pH8.4) THEHE L~
(5%C, 20ml/hr), 7527 3>aL 78—
(Pharmacia-LKB Biotechnology) ¢ 6 mlI'>>
EHT, ZOBEBTOMHE, BEEREEFREK
BEECEIE L 72 (Model AA-640-12, BEEBE
Y. #54D%x ) 7v—5i a i Ferritin
(MW480,000), Bovine serum albumin
(66,000), Superoxide dismutase (32,000),
Cytochrome ¢ (12,000), Metallothionein II
(6,500) (Sigma Chemical Co. LTD.) #Hw»
CAT-72, MT ic#4A L 7-86, ENRIT MT 4
BElcEE BTN, Hr I ESREZE
EBANNEELTERLLZ(ugCubdbnid
rgZn/ € wet weight), MFOH, FHE T
10~150 & - miFEHRL <, RFRE
FEHTRAIEL, mbzNnBELLTEbL
(ugCu H B\ pgZn/ml), BN, HRE
137 ~10n = 2 L EEL 2R E—R
BE LR caBg, ARL CRFREEE
HTHEL, BEEBINIVNDELLTERDLLL

el

E K BB

{ugCu & %\ ugZn/ 8 wet weight).

MT SE~DHS DW Y AL % % 5728, ¥S-
cystine (36mCi/mmol, Amersham Corp.) ?
10uCi &= ANBEREMICERE L, 4FFHIRICE
BE L 7. 8 ~ 10 & 5 L 72 iic0.15
MKCI, 0.5mM DTT, 20mM Tris/HCl

(pH7.4) 2MTHESR—b (20% w/v)
PHEML, 1058, 1BENRELEIT MY
BESE G2, JOTUEESE (1 8IRER
#5718 s 8) % Sephadex G-75 (2.5X60
em) (2T, 10mM Tris/HCl (pH8.4) T#H
WL, 3mlo0EHR. ZOXFEBDSS D
HEEx Mk > FL—2 3 A7 ¥—(Ligid
Scintillation Spectrometer, Model 700, Pack-
ard Instruments) THEIEL 7.

& R

EH, M17H4=77 Zl#nEE, FHHE @ Ml
2T 2 KREL ZODTN—TIC T B 2 bt
T& 5, U &% hemizygote (Ml/y) & hom-
ozygote(MI/MI) TH 9, & J U £l heter-
ozygote (Ml/+) TH 2, BiHIIHBRENEE
SR IASEEE TICECT A2 &
HE L AL T 31D,

EE, Ml=v20 7 BSTHOER, N, T
B, W, B, nEF:&so8n, EHRBOWE
24T - 72, Ml B # = iE hemizygote+
homozygote # (L1 T mutant) £ IF ¥ B

(3.73+0.74ug/ & wet weight) ICHELT%
BENERYRSH Lz (mutant B 0 8.41+1.23
ug/ € wet weight, heterozygote £ . 11.60+
2.04ug/ g wet weight) (Fig. 1-A). FL XI5
TWOERMIZABTLEH LN, mutant F

(17.34+2.58ug/ 8 wet weight) T IF % &

(2.88+0.17ug/ & wet weight) O# 6 1%,
heterozygote B¢ (10.83ug/ g +4.78wet
weight) T# 4 EN1EZRL Tva7z (Fig. 1-B).
Lad, METoEOER#IE, BRTHENE
f#%2* heterozygote BN 54 mutant B L ) %%
o 2D T, i mutant BEOFHIE (-
Twie,

JaiR, FERBICE S TFBOHER ST
LIFBR A HLNTW 7295, B ROFERTY,
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Fig. 1 Copper and zinc contents in tissues from
7-day-old normal, mutant and heter-
ozygote mouse. Pooled tissues or serum
removed from four or eight mice were
used for the experiments. Results are
means t+ SD of six pooled tissues or
three pooled serum. Asterisks indicate
values significantly different (P<0.01)
from normal. -
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EEHNONEBOHEI334.0729.092g wet
weight L BWEZRL Twie, LaL, Zhic
LT Ml =7 2 TIIMEEL LICHEEICENER
AL, LA 3 mutant ##(2.95+0.59ug/ & wet
weight) |3 heterozygote £ (5.35+1.77ug/ &
wet weight) & ) BBVl & % > TV 72 (Fig.
1-C). 2Nk ) HHBIHENETIRFEZTT
37 (B, MEBTL@DLN, HEOBHELE
L & 9 i< mutant 23 heterozygote B L 1) Eiz
BfE%RL T2z (Fig.1-D, E). miEsA&ix
mutant 3 X IEEEFEOHEFDEERL Tieht
(0.40+0.03xg/ml normal ; 0.20+0.02xg/
ml mutant), heterozygote Ti3 k& WZ1LIZ
DN U H» - 72 (0.36£0.022g/ml  heter-
ozygote) (Fig.1-F). 7z, &I >WT£5H
TRIEL R TIE, Ml =7 20OMBE L LICIE
FEEHICHEL T, RRREZRTINONZNIZ
EIETLTwihr -7z (Fig. 1-G). ZnkIic
SBNEICITL T, Ml =7 2 DAMNESRE
BEFE-7RCHEL CELL Twid 51z,
UEn k) kEREH» 5, Ml =7 ATIRIEE <Y
ZAC H#E L TEENTHORD S HE L  E1k
LTwaZ b mmgInge,
F¥E, Ml=v2n1, 7, 19HSTHER,
g, B, BHRENEE  EE, Ml=7 X
(mutant 2) NBR, i, WoHE, BHEH
FraERMOBIZEN & 5 ICEBT 20 ET L7,
FEEeTANEE T, 1 B45.37+2.69ug/
g wet weight, 7 H43.95+0.56ug/& wet
weight, 14 H44.25+0.55ug/ & wet weight &
K& LEBNIED SNk - 2. —F, mutant
Ti¥, 1 H45.32+1.58ug wet weight, 7 H
4r8.05+0.96ug wet weight, 148 £16.15%
5.26ug wet weight & 7, 14HST1 HSICH
B CBERBR~DHNEEIBEHLNL, 2D
mutant NDEFNEEE EH 7 A & & L125
&, 1BATI3ERZEDLN o125 T8
ST 2ED, UBSTIIHWIEDEE %>
Tz (Fig. 2-A). —%, BEOEHERICITIE
#,mutant & LICKELEENIAD LN LDh -
7z (Fig.2-A). TN HDERD L Ml =7 2~
DENERIZ T HAREL» LEFICKL £ 2
[ (WA

& K BR

EE~7 ADFHENHAEIZ, 1 H431.51%
4.05ug wet weight, 7 H431.59+7.55ug wet
weight, 14H412.34+1.71ug wet weight &
1, 7H4icHE&L CI4ES TRAL T,
—7, mutant DFFETIE, 1 H42.02+0.38kg/
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Fig. 2 Comparison of renal, hepatic and brain
copper and zinc contents in mutant and
normal mice at different stages of devel-
opment. Pooled tissues removed from
5-10 mice were used for the experiments.
Results are means = SD of five pooled
tissues. Asterisks indicate values signifi-
cantly different (p<0.01) from normal.
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£ wet weight, 7 H43.00+0.64ug/8 wet
weight, 14H4:3.5610.27¢g/ & wet weight &
184> Lb4BSE TRELEBHREIHLNYG
o7z, 20 mutant DFFROSR 2 EF <7 2
EHELZEA, 1, 7THSTIIHL/10, 148
ATIR/4LEEICENMEEZRL Tz (Fig. 2
-B). —4, FROESEIL, SAE L R4V EE,
mutant & & ickE CEEL Cwied -7z (Fig.
2-B). T b nERD L Ml =7 2D FROH
DRER DLV BBEBREILEL TR T
LRI S iz,

EEe7A0RNARIZ, 1 HB41.30+0.37
rg/ € wet weight, 7 H41.38+0.24ug/ g
wet weight, 14H 41.52+0.83ug/ & wet
weight * 4B4F TICKRE L EBIIFEDH LY
- 7z, — K, mutant DA, 1 H40.58+0.09
ug/ 8 wet weight, 7 H40.38+0.06ug/ g
wet weight, 14H 40.56+0.11ug/8 wet
weight IEH 272 L ERICKE L EBNIEES

Lotz Lrl, TOEIREASLLIE
¥ RD1/METH 72 (Fig.2-C). —H,
Bﬁ@ﬁ%ﬁ@ﬂiﬁ"?ﬁz & Ml =7 20ic &
B b7 (Fig. 2-C). Th bRy
& mutant DREDFNRZIZFBERL L Y icH
EREOBRGELLEL TWAENREREN
AN

SR Gz LB Ml =7 A0S L EBRENE
B ARRL2 LSz Ml RizkE L 2207
N—TW253F 5 2 & HTE, hemizygote & hom-
ozygote 3835 L T 16 B SRRET Tic

Table 1 Survival after treatment of mutants at 7

days.
Treatment Injected Survived Survival (%)
Unteated 7 0 0
Treated 25 17 68

The number of mice injected is follewed by the
number of mice that survived the injection to
reach 60 days of age.

Table 2 Copper concentrations of tissuse 1, 7 and 56 days after treatment.

Time after injection (days)

Tissue Group 1 7 56

Kidney Treated normal 6.47+1.49** 2.97+0.63 —
Untreated normal 3.35+0.55 3.80+0.34 4.84+0.37
Treated mutant 35.94+10.24** 35.29+2.30* 19.87+3.00
Untreated mutant 8.59+1.43 12.07+0.69 -

Liver Treated normal 83.21+3,74* 54.16+18.93** —
Untreated normal 37.34+9.55 13.61+3.93 4.61%+0.28
Treated mutant 26.07+3.10* 4.83+0.33* 3.80+0.20
Untreated mutant 2.92+0.70 3.71+0.39 —

Brain Treated normal 1.95+0.18** 2.77+0.41* —
Untreated normal 1.4410.24 1.59+0.20 1,70%+0.14
Treated mutant 1,18+0.35** 0.90+0.12** 1.65%0.20
Untreated mutant 0.38+0.06 0.65+0.12 —

All mice were treated with copper at 7 days. Tissue copper concentrations are expressed as ug/g wet

weight. Results are means + SD(n=4). * and ** signify significance at 1% and 5% probability levels

respectively for treated/untreated comparisons.
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100% 3T 5 = & 5780 5 LT v 31012,
Nishimura' Vo) F Iz fEA - TR 5 217\, 60
B4 THOEFEDIE 21T 12, 50ug NERAKS
BT 12 T N—T7DEFHRIZ68%, &5 LLih
ST T N—TDHEFEEIL 0% TH -7 (Table
1). :

5%, 1, 7, 56 ENHEE, mutant <
T ANER, FR, WMoOtE, BHEONERT
-7z (Table 2, Table 3). EE=T7RATiZ
SHREHNBROMERIZ, 1 HETHESHC
&L TH2ENEEZRL, BEEHLIHI
ug PEDERH RS L1172, T B THEIFRS
B L F LRREE 7 - T\ 72, —75, mutant =7
2 TR GBI B L ¢, 1 B TH28ug,

7 Bi%T23ug DENERIED LN, Ol
RBIEE~-720BRTHIE S L 2HNEME
BN8 ~9 &l » Tz,

FEg=7 ANFETE, %51 81, JER

SR B CHREERD 2V 46ug NERNDEED

i
Tifle

K BR

B LA, RS T BT dlug DEHIR
» 57z, —7, mutant DFFRE T, 51
g, ERERBICHE L TEEEH 2 23ug D
HHBEEY»BH LN, ZOEREE=TAT
NEHENL/2TH-12, 2, THETIIIER
ERIFLLNVETE- Tz, EE-T7A
O, S 1, TE% BEEEHLN04
ug NWAHEMH—F, mutant NDEETIE, 1H
1%0.7ug, 7 BB lug YW N—7KiCHTH
Tlih s ENEEPRH L2, DL Eo#ER
b, Ml =7 2 Tlifs ENMOFBPER
WToOBBIIEEe7 2Bl Trah B
2 TWa L#EEI N,

W EHENER, i BRoE#SEICOWT
REREBETIFESLESIZHONT» 12
A5, P CIIES, mutant & & L2851 H1%,
JEIREREICHEKL T, EEBCREEEHZN2
1g Ml=7 2 Cldug DESLNERHERDH L L
2. UL, 7ABICIBEREHOLMLVIE

Table 3 Zinc concentrations of tissues 1, 7 and 56 days after treatment.

Time after injection (days)

Tissue Group 1 7 56

Kindney Treated normal 20.62+1.09** 25.82+2.58 —
Untreated normal 18.56+1.27 22.11+0.72 23.14%0.97
Treated mutant 21.67£1.10** 26.70+3.80 26.82+1.08
Untreated mutant 18.51+1.32 21.68+0.21 -

Liver Treated normal 43.23+3.86* 29.47+1.54 —
Untreated normal 24.06+0.82 28.47+£2.03 29.63+1.17
Treated mutant 38.28+3.40* 28.30+1.91** 33.36+4.36
Untreated mutant 24.37+2.84 32.201+1.60 —

Brain Treated normal 8.43+0.55* 14.49%+0.53* —
Untreated normal 9.93+0.32 12.02+0.76 15.82+0.81
Treated mutant 8.59+0.15* 12.27+0.41* 16.32+0.49
Untreated mutant 9.394+0.32 10.72+0.43 -

All mice were treated with copper at 7 days. Tissue zinc concentrations are expressed as ug/g wet
weight. Results are means + SD (n=4) . * and ** signify significance at 1% and 5% probability levels

respectively for treated/untreated comparisons.
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> T\x7z(Table 3). ZOESRNEHIZFRS
LR TOMT NREICL LN EHES
iz,

EE M7 20BR: B MT : MT (12
DWTERNTHES, SFAHICEHEREL T
BLEZLNTEN $ 204 XEERED
ETF N7 A TH 5 brindled TEMLHEHE
NTH 3BT Ldp 920 Ml 2 2NER &
FRicoWTZDRELZIT-72. 7T~8H4n
EE=7ADEEN MT-Cu L~91431.55+0.35
g/ & wet weight, MT-Zn L ~1420.83+0.37
rg/ & wet weight & {EWEZRL Tv725% Ml

27 A% MT-Cu V~3 mutant FETI35.17+
1.45pg/ & wet weight, heterozygote B i3
6.14+0.96ug wet weight & EEBHCHEL T
AEICEBEERLTWE, LirL, MT-Zn L~
MIZZBIRRID SN -7, 72208k, mutant
< heterozygote D] EHSEOHEE O A,
60~70%%* MT-Cu & LT hsdbTwv72(Table
4),

7 ~ 8 BENIEFE 7 ADNFED MT-Cu LX
Ji38.34+0.86ug/ 8 wet weight & E{EZRL
T 72 %%, MT-Znl30.54+0.28ug/8 wet
weight & D TENETH - 72, —F, Ml =7

Table 4 Cytosol Cu and Zn, and MT-Cu-Zn ontent of kidney and liver from 7-8 day mice.

Tissue Group Cytosol Metallothionein

Cu(ug Cu/g)*  Zn(ug Zn/g)’ Cu(ug Cu/g)*  Zn(ug Zn/g)®

Kidney Normal 2.4210.86 10.01+1.83 1.55%0.35 0.83+0.37

Mutnat 8.33+2.79** 14.07+2.64 5.17+1.45** 1.72+0.52

Heterozygote 8.74%+1.23* 10.52+1.49 6.14+0.96** 0.87+0.46

Liver Normal 12.39+1.12 18.52+1.98 8.3410.86 0.54+0.28
' Mutant 2.481+0.57* 20.97+2.95 0.25+0.22* 3.10£1.02**

Heterozygote 2.8240.59* 20.56+0.90 1.46+0.51* 3.24+0.45*

Mutant were not treated with copper at 7 days. *Copper and zinc concentrations are expressed as ug/g

wet weight. Results are means + SD(n=3). * and **signify significance at 1% and 5% probability leveles

respectively for macular/normal comparisons.

Table 5 Cytosol Cu and Zn, and MT-Cu-Zn content of kidney and liver from 8-9 week mice.

Tissue Group Cytosol Metallothionein
Cu(ug Cu/g)*  Zn(ug Zn/g)*  Culug Cu/g)l  Znlug Zn/g)
Kidney Normal 1,27+0.04 19.12+4.02 0.16+0.28 0.35£0.30
Mutant 8.92+0.28* 11.43+0.17 6.06+0.67* 1.61+0.12**
Heterozygote 19.25+2.74* 12.38+0.63 15.62+1.01* 2.23+0.22*
Liver Normal 3.41£0.13 24.95+1.41 0.19+0.17 0.10+0.17
Mutant 2.63£0.37 22.05+2.92 0.36+0.32 1.30+1.39
Heterozygote 3.52+0.69 21.424+0.33** 0.62+0.47 0.45+0.29

Mutants were treated with copper at 7 days. *Copper and zinc concentrations are expressed an ug/g wet
weight. Results are means + SD{n=3). * and ** signify significance at 1% and 5% probability levels

respectively for macular/normal comparisons.
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Fig. 3 Gel filtration chromatography of renal
cytosol of hemizygote, heterozygote and
normal mice.

Z 7 MT-Cu v /L3 mutant #40.25+0.22
rg/ 8 wet weight, heterozygote # 571.46+
0.51ug/ € wet weight & BB TEMNETH -7z,
ZOBE, MT-Zn U=V I3TEEHLICEER LN S
{E%TRL T (Table 4),
8~ 9B4NTFE~-T ZANERD MT-Cu,

MT-ZnL-~Li3 7~ 8 B4 L RL L5 IzfEE
FRL Tz, —4, Ml =7 A% mutant # T
T MT-Cul ~ L 136.06+0.67ug/ 8 wet
weight & 7 ~ 8 H4 & W8 L TELL Tnied
- 7275, heterozygote Bt T1315.62+1.01ug/ 8
wet weight & #92. 5528l Twiz, L L,
HigEo MT-Cu, MT-Zn L3 38+ L IC(R
%R Tv72(Table 5), 2N & DERD L,
FHICEEL 2o KIBSE MT ic#6 L1
THEL TR EEZ LU,

MT DA RNBEZEETT 272605 H MT 47
BAOWRDAAZFMELRZ., 8~ BSEE~
TANBRETIIMIAAIZIZEAYRDLNE
w5, Ml 2 DB TiE, hemizygote B
heterozygote # & LICIEEE L N &V AL
#aL w7z (Fig. 3). L» %, Z0H A4
4 hetertzygote B F#4* hemizygote L N %
¢, MT-Cu v ~=Lonf@fE & —B L Tz (Table
5), TN LOERD L Ml =7 ADBR T MT
NBBEFAEE TV HEITREI N,
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Nishimura’iz - T, SN TE N RBMEHEL
Tt 7, M4ES4=7 ADFRRRE TR
FHENZER, 7, 14HS5RHEKTOERD
WOBHEEFREL Twd, iz, “CuaDBWDA
A LB EDROBEERIZ OWTOBRELIT
5> Tnd, KFRTHBRETCEICUT DAY
AN /R A

@ 7 HATORETIIEES/ NS LU ToM
% O(FFRE, B, BB, miE) oOWMBIEEZR
LTwi, Lid, £50RRIC3BEELER
BHLNLNWZ Ed L, EENTHIBEL T
W EHEINS, 7, BHEBCEEELE
L5 $:050°% (RA& X AN

@ BRTHHNEWIITESTREETH-
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@ FBPRTHOHNKEIZIESTIZDS
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@ HBRSBEOFE TR SROBMEEE
HEBEL TR » Tz,

® TBRICEEL ORI SE MT &L
THIEL T, F72, EHOESIIELTH
o7z, B TIE MT VA IEERCHEL T
BHEICEELRL T,

Menkes disease DT T NVEMY & L Ti3BiES
THEZA M= 2A%28H5 & REENEED
# 5 H99 = T brindled, blothy ({22
TIIB LR ENT WS, INHLoHE s
Ml =7 R CHOEREBRBERE LT 5 &, BRS
MNETOENEMR LB MT oiéhn, I, &,
g, MBHETHMHRE & S L NERPAHST
Hontz, Lil, BRTOENEREIZDOWT
{3 brindled TR 1 HEDEELLEDH S
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Copper metabolism in the macular mutant mouse as
an animal model of Menkes kinky hair disease
Shintaroh KoNDOH
Department of Radiation Medicine, Okayama University Medical School,
Okayama 700, Japan
(Director : Prof. K.Aono)

The copper, zinc and metallothionein contents were measurded in various tissues of mutant
(hemizygous and homozygous) macular, heterozygous macular and normal mice. The copper
contents in the kidney and small intestine of 7-day-old mutants and heterozygotes were much
higher than in normal mice, whereas the copper contents in the other tissues (liver, brain
spleen and serum) were low. Renal copper contents of 1-day-old mutants were not different
from contents of normal mice, whereas those of 7-, and 14-day-old mutants were significantly
elevated. Hepatic and brain copper contents were extremely low at all stages compared to
normals. Copper therapy was applide to 7-day-old mutant mice. One day after injection,
hepatic copper contents in mutants increased slightly compared to the normal controls,
whereas renal copper contents increasded greatly. Seven days after injection, hepatic copper
contents in mutants decreased greatly compared to the normal control, whereas the increase
in renal copper contents remained. One and 7 days after injectin, brain copper contents in
mutants and normal mice increasde slightly compared to untreated mice. The renal MT-Cu
contents in 7- and 8-day-old mutants and heterozygotes were significantly greater than that
of normal mice. The marked elevation in renal MT-Cu contents was also observed in 8- and
9-week-old mutants and heterozygotes. In contrast to the kidney, hepatic MT-Cu contents in
7- and 8-day-old mutants and heterozygotes were much lower than in normal mice. In contrast
to copper, no significant differences in zine levels in any tissue were evident.



