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YF= 
Free (non-protein) andno acids were measured in whole rat liver 

an III unmdified lysosomes which were prepared frcm rat liver by the 
technique of free-flow electrophoresis. Significant intralysosoml pools 
of threonine, serine, valine, cystine, methionine, isoleucine, leucine, 
tyrosine, phenylalanine, lysine and arginine were found. No efflux occurred 
from rat liver lysosomes in isotonic buffere 

8 
sucrose at O'C, but all amino 

acids showed various degrees of efflux at 20 and 370. 

Lysosms are cell organelles which degrade macrcnmlecules. The 

processes by which rsacrmolecules enter the lvsosoml apparatus have been 

intensely studied. However, relatively little is Iemm about the fate 

of digestion products. Liver perfusion experiments have indicated that 

one class of these digestion products, amino acids, is present in a 

distinct lysosmal pool (1). Anm-e recent study, however, has contra- 

dicted this by finding that l4 C-valine was uniformly distributed in 

rat hepatocytes following thehydrolysisof previously labeled intra- 

cellular protein (2). Direct measurement of the free-&no acid content 

of isolated lysosoms has not been reported previously and should provide 

a mre direct answer to the question of whether or not a pool of free- 

amino acids exists in lysosomes. Verification of such a pool muld 

substantiate a number of studies of amino acid incorporation into protein 

which suggested that amino acids are not unifomly distributed within the 

cell (3-14). Such measurements might also provide additional infomtion 

about lysosorcal function in general, and my help answer recent divergent 
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findings concerning the pembility of the lysosomnl membrane for free- 

amino acids and small peptides (15). 

l%ERULS AND MEXHODS: Unnmdified rat liver lysosonxes were prepared 
from male Sprague-Dawley rats (about 200 g body weight) by the m&hod 
of free-flow electropbresis according to Sta?? et .al. (16) as modified 
by Henning and Heidrich (17). A VaP 5 mdel (Bender E Hobein, Munich, 
West Germany) was used for the final electrophoresis step. Details of 
this procedure in cultured fibroblasts and lyrrphoblasts, and references 
to enzyme assays for indentification of intracellular organelles have been 
recently published (18,19). The fractions of highest lysosomal enzyme 
activity were pooled and collected by 20 min centrifqgation at 20,000 x g. 
The relative specific activity (activitylmg protein in lysosas to activity/ 
mg protein in crude homogenate) in the final lysosomal fraction was 79 ? 22 
(mean L S.D.). Electron micrographs of this fraction showed almost 
exclusively lysosomes. 

Lysosomal efflux of free-amino acids was studied by incubating a 
granular fraction from rat liver (preparation without final separation 
by free-flow electrophoresis) resuspended to a protein concentration of 
about 2 mg/ml in isolation buffer (0.3 M sucrose, 10 TIM triethanolamine- 
acetic acid, 1 ti EDTA nH 7.40). At different time intervals the 
organelles were collected by 5 min centrifugation at 20,090 x g and the 
pellet prepared for amino acid analysis (see below), The integrity 
of the lysosomal membrane was determined at all time points by measurement 
of the structure-linked latency of B-N-acetylglucosaminidase according 
to Sellinger et.al. (20) as edified by Haccino et.al. (21). Depending 
on the incubation tin-e and temperature the structure-linked latency varied 
from 95% to 70%. All amino acid values of the efflux experiments were 
corrected accordingly. 

Amino acid analysis was performed in both whole liver and isolated 
lysosomes using a Durrum D-500 analyzer (22,23). Hats were fasted overnight, 
killed by decapitation, and liver slices were briefly blotted on filter 
paper before preparation for amino acid analysis. Acid soluble super- 
natants of tissue and organelles were prepared by sonication in 10 ti 
potassim phosphate buffer pH 7.3, 5 nJ"I N-ethylmaleimide with subsequent 
acidification to 3% sulfosalicylic acid. After centrifugation, protein 
was dissolved in base and then determined calorimetrically (24). 

RIXJLTS AND DISCUSSION: The results of determinations of free-amino 

acids in rat liver are given in Table I. As a rule, all essential amino 

acids were found to be concentrated to various degrees within lysosomes 

as compared to whole cells. Of the non-essential amino acids only serine, 

cystine (disulfide) and arginine had higher concentrations within lysosomes. 

The preference for the lysosomal localization of each &o acid can be 

estimated from the ratio of lysosomal concentration to overall concentra- 

tion. No correlation was found between lysosomal concentration and pro- 

perties of individual amino acids such as polarity or isoelectric point. 
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TABLE I 

FREE PMItKl ACIDS IN RAT LIVER LYSOSCEIESa 

LYsQSomS 

(N = 4) 

~NFRACTIONATED 

LIVER (N = 4) 

ASP 

5.13 
to.91 

26.85 
c7.40 

SER 
TLU 

THR r’ PRO d-N GLY b VAL Cd 

7.11 7.91 14.99 o.37c 2.39 2.92 6.92 0.91 
to.47 to. 59 c3.14 +0.3x cl.78 ?0.73 to.27 

1.66 2.88 43.28 0.86 10.28 9.11 1.47 0.077 
to.20 to.22 +11.09 to.27 t3.18 t2.24 $0.53 $0.045 

RnT’o m OS2 4.3 207 0.3 O,4 0,2 0.3 4,7 Il.8 
LIVER 

MEr ILE LEU TYR hE @N LYS Yrs fiRG 

!-YS’B3lES 2.32 4.35 8.39 4.93 3.01 0.80 10.98 3.37 2.24 
(N = 4) to.32 tn.83 to. 98 to.26 '0.40 s.30 '2.00 to.21 to.54 

L~ACTIONAT~XI 0.39 0.91 1.86 0.97 0.52 1.4r) 2.64 2.99 0.06hC 
LIVER (N = 4) +0.25 to.31 co.80 '0.52 t0.18 k0.32 +0.92 ?0.86 

fbsTI0 v 5,9 4,8 4,5 5.1 508 0.6 402 1.1 33.9 

‘7mollrrg protein (mean t S.D.) 

bdisulfide 

'- of nm deteminatims; tm additional detemdnations were belm~ the level of detection 

'Ihe pattern of the lysos~l amino acid pool is in good agreement 

with the recent study of Ward and MDrtiurxe (1). Txo major differences 

are the large pool contents found hare for lysine and arginine. A high 

lysosamal concentration was expected by these authors because of the 

net positive charges of these aLno acids at neutrality. However, they 

failed to observe any accumulation. The marked intralysosorral distribu- 

tion of arginine and cystine may result fran the rapid rwzabolism of these 

amino acids outside of the lysoscxne (25,26). 

When studying incorporation of extracelhilar anCno acids into cell 

proteins, msny observations have suggested that amino acids csn bypass 

a large intracellular pool of free an&no acids. It is interesting that 

rmst of these observations were nlade using valine (9,12-14), leucine (4,6, 

8-11) and lysine (7,8,10) as precursors, amino acids shown in this study 

to have considerable lysoso~~l pools. Many of the bypass-pheMxnena 
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reported could be interpreted as a result of the distinct lysoso~~~l pool 

which fails to equilibrate rapidly with amino acids taken up the cells. 

When granular fractions were separated by free-flow electrophoresis, 

almost all of the raining free-amino acids were found within the 1ysoso1~J 

fraction whereas the snmll amount distributed with other organelles could 

easily be explained by a minor number of lysosos-~s not completely 

separated (data not shown). Therefore, efflux of free-amino acids from 

lysosomescould bestudied using a lysosane-rich granular fraction without 

complete purification of lysosoires. A possible restriction of this system 

might be reuptake and metabolism of effluxed amirao acids by non-lysosomal 

organelles present in the granular fraction. Althoughno evidencewas fomd 

for this possibility, it could only be ruled out by studving completely 

isolated lysosoraes which, because of the small arxxmt of purified material 

available, is in-practical at present. 

The efflux data are surmrarized on Table II. When suspended in 

isolation buffer at O'C, the lysosomal content of all amino acids was 

constant during the 100 min incubation period. At 20' and 37°C,fmwever, 

all amino acids efflux to various degrees. No clear correlation can be 

drawn between pool size and efflux rate. The inmermeability of the 

lysosonal membrane at 0°C makes it understandable that the lysosoaml 

aminoaeidpoolcouldbedemrnstrated in this studyevenafteratime 

cons~ isolation procedure of 8 hours which results in extensive 

dilution of the organelles. 'Ike lysosonml mmibrane was impermeable 

at O°C for all amino acids, including those not concentrated within 

lysosolEs. Our findings are ingoodagreanentwiththose ofWard 

and Mortinrxe (1) who have sham free-valine to stay within lysosomes 

when a granular fraction was incubated at O°C in a sucrose buffer sir~L1a.r 

to that used in this study. 

The permeability properties of the lysosoclal membrane have been 

reviewed by Reijngoud and Tager (15). No firm conclusions could be 
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TABLE II 

TWERWRE DEPEFIDEC~CE OF FREE-mm0 am EFFUK 

FRCEl FAT LIVER LYSOS@+lES* 

time 
(mill) 0” 

Asparaginc 

0 

ii 
100 

0 

2: 
100 

0 

iit 
100 

7.45 t.36 7.08 1.26 7.30 f.36 
7.03 t.35 6.36 k.47 3.30 f.30 
6.96 t.17 5.88 i.29 .57 i.00 
6.97 1.20 4.97 4.04 .57 +.07 

Threonine 

1.38 t.07 1.83 5.11 1.60 t.11 
1.38 z.10 1.83 t.17 1.47 t.17 
1.33 +.I0 1.91 +.06 1.22 5.05 
1.41 t.15 1.71 5.05 .a8 t.95 

SCiXle 

1.53 t.08 2.23 i.11 1.83 +.13 
1.52 t.13 2.12 i.30 1.23 r.18 
1.45 t.04 1.99 i.03 .95 t.04 
1.51 +.17 1.66 i.cL, .72 k.09 

Glutamic acid + Giutamine 

6.00 i.29 5.34 +.93 6.36 t.67 
6.43 t.79 3.97 r.83 3.66 t.23 
6.52 t.37 3.52 f.86 2.84 i.23 
6.73 t.59 2.60 +.45 1.64 t.21 

Glycine Fhenylakmine 

0 1.12 t.06 1.36 f.08 1.24 t.07 0 .81+.05 1.34? .lO .83i .08 
30 1.07 5.10 1.05 A.14 .a7 A.12 
60 1.01 +.05 .99 t.04 .85 r.04 

2: .s3+.10 .98+ .3O .41? .12 
.78*.04 .86? .09 .37* .Ol 

100 1.06 r.19 .85 +_.Ol .93 +.05 100 .76i .07 .5&k .lO .Xt.Oi 

Alsnine 

0 .62 t.06 1.56 t.06 .61 2.11 
2: .66 .60 t.C9 k.54 t.18 

t.05 
1.42 1.18 

i.15 
.51 .43 

*.0&J 
100 .57 t.07 .77 r.19 .31 +.08 

Valtie 

d 1.42 t.16 1.89 f.39 1.44 5.16 
30 1.32 ?.02 1.74 k.24 .70 f.15 
60 1.30 f.04 l.h9 +.x .6n ?.I-'4 

100 1.42 +.lO 1.33 +.10 .LY 2.05 

0 .20 t.02 .29 +.lO .14 !.Ol 

ii .19 .20 1.01 t.01 .21 .23 t.01 i.01 .04 .04 t.01 t.02 
100 .20 t.01 .19 t.Dl .02 i.01 

time 
bin) o” 

0 .52 i.03 .94 t.06 
30 .52 t.08 .83 t.18 

1:: .46 .47 2.03 t.10 :;; ::g 

0 1.04 -+.06 
30 1.04 -.n7 
60 1.02 +.O4 

lO@ 1.04 -'.05 

0 2.37 t.16 
30 2.46 t.23 
60 2.33 f.00 

100 2.36 f.16 

0 1.03 t.06 1.60 k.06 
30 1.00 +.06 1.50 t.28 
60 1.00 k.03 1.45 i .c7 

100 1.00 t.06 1.17t.09 

200 373 

Methicnine 

.64 +.13 
'34 1.09 

:30 k.01 
.25 r.01 

Isoleucine 

1.37 t 07 
1.08 +.15 

.33 t.06 

.65 +.lO 

l.&SIle 

1.14 +.ll 
.34 +.27 
2; 4; 

+ 

4.17 t.21 
3.68 t.75 
3.36 t.14 
2.41 t.30 

Ty-rosine 

2.69 +.25 
1.39 t.55 
1.22 t.24 

.82 i.08 

1.15 t.07 
1.X? .16 
1."2 I .05 

.77 i.05 

0 2.40* .ll 
30 2.27+ .14 
60 2.26-t .07 

100 2.33+ .09 

0 .90 f.21 

2: .81 .71 t.19 5.25 
100 ,68 t.04 

0 .29 k.02 

%i 
.3i i.03 
.29 i.02 

lcn .31 t.02 

Lysine 

3.27+ .12 2.32+ .ll 
2.72i .61 .96+ .16 
2.16i .16 1.08+ .C4 
1.46t .13 1.03+ .05 

Histidine 

1.33 t.16 .84 2.05 
I.24 5.37 .4? +.14 
1.15 t.i7 .57 +.03 

.93 t.33 .wt t.05 

Argtie 

1.09 A.18 .33 t.04 
1.03 r.35 .28 5.09 

.77 k.20 .25 s.03 

.48 t.17 .26 s.01 

* 
A segmate prepxltim was used Fw each tqJerature, and Ehch tix! point 
represents four siis,uate smpl~. Valcen are xpressed as ml/r;~, protein bwan f S.D.). 
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drawn with respect to amino acids. The data and methodology presented 

in this study my aid further investigations of the permeability properties 

of the lysosomal n-enibrme. Theraethodbywhich effluxwasmasuredin 

this study is not equivalent to the efflux of free-amino acids from 

lysosmes in an intact cell. In the present study, efflux was 

measured mder approximate zero-tram conditions where the amino acid 

concentration is much greater inside compared to outside the lysosome (27). 

Hmever, in the lieintact cell the efflux of lysosomal free-amino acids 

might take place in a am-e ccxnplex way. Detailed studies of the flux 

of individual amino acids using isolated 1ysosoms are necessary before a 

definite answer can be given about the mde of efflux of free-&no acids 

from the lysosofial pool. 
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