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Abstract-- Pre\lous studies have shobn thal cadmium ions C’;~UX disruption of ;Ilhumin-lillcd pha:ol!w- 
somes i,t rirro. and that cadmium and mercuric halts inhibit intralqwsomal proteoly<is and phagol>s~>- 
some formation in riro in mice after intraperitoneal injections [Bioc~hm. Phtrrrmlc~. 22, 373 ( 19731 
and 24, 1227 (197.5)]. Cupric. stannoua, lead. mercuric and zinc halt:, also inhibital proleol>\i\ u hen 

ad&d to phagolvsosome suspensions in I mM concentrations. and all of these 5uixtanccs c;~u\cd 

phagolysosome disruption except zinc. Reduced rates of mtralywsomnl protcolysis \\crc noted in li\cr- 

and kidney phagolysosomea from mice in.jected intraperitoneally with 7inc at less than LI)~,, dwe~. 

hut the metal had no inhibitory cH’ect of phagolysosomc formation in the Ilver as meawred b! the 
uptake of labeled protein Into osmotically releasable form. The inhibitor! ell’ects of /inc on IntraI>\ow- 
mnl proteolysis were evident in liver phapolysosomes up to about 6 hr after injectiona. hut clt:cl\ 

on kidney phagolysosomes were more prolonged. The results suggest that I-inc ma> hc taken up 1n10 

phagolqsosomca where it inhibits cathepsins B and C. 

In previous studies. we have shown that intmperi- 
toneal injections of cadmium acetate [I] or mercuric 
chloride [Z] into mice inhibit pha_polysosome forma- 
tion and intrdlysosomal proteoiysls of intravenously 
injected ‘251-labeled bovine serum albumin in kidneys 
or livers. Cadmium chloride was also found to inhibit 
intralysosomal proteolysis when added to phagolyso- 
some suspensions. The inhibitor) effects of cadmium 
in ri/ro were caused by phagolysosome disruption. 
as shown bq the release of labeled protein into the 
medium. The fungal toxin rubratoxin also inhibited 
phagolysosome formation irk riro and inhibited intra- 
lysosomal proteolysis after intraperitoneal injections 
into mice, but this toxin had no effect on phagolyso- 
some suspensions irl ritro 131. Similarly to rubratoxin. 
cadmium and mercuric ion. Tint acetate also inhibited 
intral>~o\umal protcolysia when injected intrapcri- 
toneally into mice. but unlike these substance>. zinc 
had little effect on phagolysosome formation. Results 
of these studies are reported in this communication. 

Methods used in these studies have been reported 
elsewhere [2.3]. Briefly, mice were injected intraperi- 
toneally with the substance to be tested dissohed in 
physiological saline. After the interval of time shown 
in the tables, the animals were injected intravenously 
with 0.1 ml (I mg) formaldehyde-treated “‘I-labeled 
bovine serum albumin. Thirty min later, the mice 
were anesthetized with ether and the livers and kid- 
ncys were removed and homogenized in cold 0.25 M 
sucrose. The homogenates were centrifuged to sedi- 
ment the 500 30,OOOg particulate fraction and these 
pellets. containing albumin-filled phagolysosomes. 
were resuspended and incubated for 60 min at 35 
in 0.25 M sucrose. 5OmM mercaptoethanol and 
25 mM Trls-acetate butler. pH 5. Samples were 

removed at intervals and added to countine tube5 
containing 2ml of lo”,, trichloroacctic acid. The 
radioactivity in these was counted; they were then 
centrifuged to sediment precipitated protein and the 
supernatants were decanted and counted to determine 
per cent of the total radioactivity con\crted to trich- 
loroacetic acid-soluble form due to the action of pro- 
teases. 

Intact phagolysosomes present in particulate sus- 
pensions were estimated by osmotic shock. This wa 
accomplished by diluting samples of the alspensionh 
I : 10 in cold @25 M sucrose buffered with 042 M Tris- 
acetate, pH 7.3, and in buffer alone. The dilutions 
were allowed to set on ice for IO min and then these 
were centrifuged to sediment all particulate material. 
The supernatants were decanted and counted. 
Radioactivity in samples diluted in sucrose bulfcr 12~1s 
subtracted from the corresponding sample diluted in 
buffer and the results were calculated as per cent of 
the total radioactivity. This method wa also used 
to determine phagolysosome formation in kidney\ 
and liver in mice. If the particulate \uspcnsions ccntri- 
fuged from homogenates of these tissuch contained 
the same relative quantities of osmotically act11c par- 
ticles as untreated controls. phagol4sosomcs forma- 
tion was assumed to bc unall‘ectcd. The tcchniquc is 
a reasonably valid estimate of ph~~golvso~omc forma- 
tion because particle-bound. non-o,mc,ticall~ acti\c 
labeled protein rcmain.s relatively constant in tihsuc 
homogenates but osmotically active protein \aries 
with the extent of the phqq~lq\o~omc formation [a]. 

All counts were perform4 with a f’acl\artl Gamma 
Well Counter with automatic sample changer. 

RESCII:f’S 

A number of heavy metal salts were screened fol 
inhibitory efl’ects on intral)sosomal proteolysis in 
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mouse kidney and liter phapolywsome suspcns~on~. 
These included nickel chloride. sodium tungstatc. rinc 

acetate. kc sulfate, stannous chloride. cupric sulfate. 

Icad acetate. lead nitrate. cobaltous zulliite. cobalto~~~ 
chloritie. mcrcurous chloride, 1ncruuric chloride. mcr- 
curie acetate. ferrous sulfate. ammonium mol) bdate. 
sodium mol~bdate. strontium chloride, barium Ii!& 

roxidc. calcium chloride, manganous chloride. and 

beryllium nitrate. OnI! cupric ailfate, zinc acetate. 

Lint sulfate. lexl nitrate. stannoux chloride and nier- 
curie chloride inhibited intralysosomal protedysk m 

I mM concentrations (Table I). With the exception 
of /inc salts. all these substances caused the ciisrup- 

tion of I\icincy phagol~sosomcs but had little OI- no 
apparent elt‘ccts on the integrity of li\er phagol\zo- 
somes. Furthermore. mercuric acetate. like ca&ium 
ace!ate [I] had no effect. Further studies showed that 
mercuric chloride in the presence of acetate bufl’cr 

and mercaptoethanol alw had no elkct. If mercap- 
tocthanol wax omitted from the zuspen~ions. mercuric 

acetate cauacd pl~~igol~wsomc di\rLlption xiniilar to 
nicrcuric chloride. Siinilar results to thcx \\crc 

obtained in studies \\ith dmium \alts [I 1, 
Since both nicruii-ic and cadni~uni salt ii+xtions 

caused decrcnxx in ow~oticall\ ir~lea~iblc ratlioacti- 
\ity in mouse Il\cr\ or I\idnqs after intra\enoiis iii- 

,jections of ’ ” I-labeled serum albumin ;15 well as inhi- 

bkions of intral~~~~~~~~ii;~l protcolysis. it was of intcres1 
to determine whether Lint L\OLII~ product similai 
clKxts. These studies should prwitle information con- 

cernine the action of metal ion5 on membrane sq’b- 
terns. ;incc cffccts on ph~igol!,s~,soiiics iri r‘ilrr, might 
retlrct their action ii! I-ire. 

T‘hc i ih,, liv /inc ;icc1;1lc in the mice ud in this 
\1udy. dctcrniinod accoi-ding to Weil LF]. wab 12.X mg 
%n kg. Pahlc 2 shows the etfects or \ariou~ wnccn- 

Irations of lint acctatc on intralysowmal proteol~~is 

and on pha~olysowni~ forni~ition (osnioticdl~ actiw 
particles containing radioacti\c protein) in mousz 
li\er and kidney5 2 hi- dicr intraperitoneal in_jcctions. 



Inhibillon of intral~sosomal proteolysis by zinc 

Table 3. Etlect of time after injection of zinc acetate (8 mg;kg) on uptake of “‘I-labeled 
albumin in osmotically active 30.000 $1 mouse kidne) and liwx phagolysosomes and on 

proteolysis in these particles* 

Intralqsosomal Osmotically releasable 

protcolysis radioacticit) 

( “,, in 10 mln) (“,J 

Time No. of 

(hrl expts. Kidney Liver Kidney Li\er 

0 3 3 I.0 22.8 73 XI 
I 5 19.1 _t I.3 13.X f 0.8 62 * 2.2 72 2 0.7 
, 
; 5 5 

x0 1.x 16.7 2.8 64 1.2 73 4.3 
25.5 & + I.3 IO.5 + + 2.x 64 * k 34 77 * _+ 04 

6 4 23-1 t 0.x 234 + 04 61 _t I.8 71 & l-7 

I2 4 24.7 & 06 
23 1 31.1 * ‘.I 

Control I3 36.5 i I.2 26X * I.3 76 f I.3 74 _ir 1.1 

* Time refers to the hours after intraperitoneal injections of Lint acetate that labeled 

albumin injections were performed. All figures. except 0 time, are shown with standard 

crror~ of the means. 

These injections produced no apparent effect on pro- 
tein uptake in the kidneys or livers except at doses 
higher than the LII~,~. There were progressively in- 
creasing inhibitory elfects on both intralysosomal 
proteolysis and on phagolysosome formation. At 
8 mg/kg, a dose less than the LL)~,,. there appeared 
to be little effect on phagolysosome formation in the 
liver. but intralysosomal proteolysis was inhibited 
about 40 per cent. This dose was analyzed in further 
detail. and the results are shown in Table 3. At 
8 m&g. intralysosomal proteolysis was inhibited in 
both liver and kidney ph,a$olysosomes with a maxi- 
mum effect at I hr after Injection and slow recovery 
up to about 24 hr after injection. The kidney appeared 
to require a longer period for recovery than the li\,er. 
In spite of the inhibitory effects of zinc injections on 
proteolysis, there was no apparent effect of phagoly- 
sosome formation in the li\er. Some inhibition (about 
20 per cent) did occur in the kidneys. however. per- 
haps due to concentration in these organs during 
excretion of the metal. 

Misaka and Tappet [6] ha\,e shown that zinc is a 
potent inhibitor of cathepsins B and C, and to a lesser 
extent cathepsin D. In the present study. 8 mg. kg of 
Zn” inhibited intralysosomal proteolysis, but had no 
effects on uptake of formaldehyde-treated ‘2”I-labeled 
serum albumin in the li\,er or kidneys or on phagoly- 
sosome formation at the same dose. This suggests that 
the metal might habe accumulated in Ivsosomcs 
where it exerted inhibitor), eft‘ccts on cathepsm activi- 
ties. Tappel (jr ~1. 173 found relatively high COIICCII- 
trations of zinc as \vell as other metals in lysosomcs 
of animals which suggests that zinc may become 
sequestered in these organelles. 

The apparently greater sensitivity of mouse kidney 
phagolysosomes to heavy metal salts irk rit~o (Table 
1) is difficult to explain. We hale noted that kidney 
phagolysosomes gonerally appear to be more sensitive 
to a number of substances. For example. inhibitory 
effects of alkaline bulTers and responses to ATP are 
greater in mouse kidncl phagolysosomes [Xl. 
Although a11 the metal salt5 shown m Table 1 inhi- 

bited intralysosomal proteolysis in liver phagolyso- 
somes, there Mere no apparent etlects on phagolyso- 
some integrity. The reason for this is also not clear. 
and no explanation can be offered at the present time 
other than the possibility, that the substances may 
have exerted their efrects du-ectly on cathepsin activity 
with the phagolysosomes. 

In pre\,ious studies on interactions of various hepa- 
to- and nephro-toxins with mouse liver and kidney 
phagolysosomes formation and function, we have 
noted that some substances afrect only li\er. some 
affect only hidney and some affect both kidney and 
li\cr phagolysosomes. For example, mercuric chloride 
inhibited phagolqsosnme formation and function only 
in the kidneys [2]. and the major effects of Cd’* and 
rubratoxin Fvere in the liver [l. 31. The potent hepato- 
toxin carbon tetrachloride aflectcd neither liber nor 
kidney phagolysosomes at lethal doses 191. The rea- 
son for these differential erects is not clear at the 
present time. Houe\,er. many substances. including 
heavy metal salts. may be taken up principally by 
either the kidney or the liver or both. For example. 
Cd” is first taken up in the liver and later it is 
excreted by the kidney where it becomes temporarily 
concentrated [lo]. These changes in distribution cor- 
relate with efrects on phagolysosomes [I], i.e. effects 
were noted in the tiler at about 2 hr after in.jection 
of Cd” but kidney phagolysosomes were not afiected 
until about IX hr later. Furthermore, in all studies 
carried out thus far. those substances which inhibited 
intralysosomal proteolqsis after intraperitoneal or in- 
tra\enous in.iection also inhibited phagolysosome for- 
mation. All these substances except rubratoxin [3] 
caused phagolysosomc disruption when added to 
suspensions of mouse kidney phagolysosomes. Zinc 
represents a notable exception with respect to phago- 
lysosome formation in that it caused inhibition of in- 
tralysosomal proteolysis in mouse liver phagolyso- 
somes after intraperitoneal injection but had no effect 
on the relative quantity of osmotically releasable 
radioactivity (phagolysosome formation) at the same 
dose. 
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