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Incorporation of Cystine and Lysine by Noriiial and “Cystinuric” 
Leukocytes. (24466) 

F. F. BECKER AND H. GREEN (Tntroduced by B.  W, Zweifach) 
I h p t .  o j  Pathology, 11’. Y .  Fnivers i ty  Hellevi ip  College o j  Medicine 

Cystinuria has been shown by Dent(l.2) 
to be a disease of renal tubules in which amino 
acids cystine. lysine, arginine and ornithine 
fail to be absorbed from the glomerular fil- 
trate. Since these substances can be consid- 
ered as structurally related di-amino acids ( 3  ) 
and their absorption from the glomerular fil- 
trate is largely controlled by a single gene(4). 
it has been suggested that a single mechanism 
for absorption of these amino acids exists in 
the renal tubules. However. other kinds of 
body cells are capable of concentrating amino 
acids. such as muscle(5). white blood cells 
( 6 ) ,  tumor cells( 7 ) .  and established cell lines 
grown in v i t r o ( 8 ) .  If the concentration 
mechanism of amino acids by such cells were 
related to that of the kidney tubules, these 
cells might also be affected in the cystinuric 
individual, for biochemical defects in genetic 
diseases are frequently widespread. The fact 
that such a general metabolic abnormality has 
not been found in cystinuric subjects does not 
argue against this possibility, for whereas the 
defect in kidney tubules results in obvious 
failure to transport amino acids against a 
concentraton gradient into the blood, the other 
body cells might continue to obtain sufficient 
amino acids from blood by diffusion alone, 
the blood level of these amino acids in cystin- 
urics remaining normal or only slightly re- 

duced (2,9). If however, such cells were placed 
in a medium containing a considerably lower 
amino acid concentration than normal blood, 
any latent defect of this kind in the cystinuric 
cells might become evident. Tn the present 
experiment, therefore, white blood cells of nor- 
mal and cystinuric subjects were compared in 
their abilities to incorporate lysine and cys- 
tine from the medium, at  concentrations below 
those existing normally in human blood, and 
at  which rate of uptake depends upon concen- 
tration in the medium. At the lowest concen- 
tration tested, uptake of amino acids by nor- 
mal and “cystinuric” leukocytes was the same. 

The cystinuric subjects were a 
brother and sister in their forties who had an 
extensive family history of the disease; each 
had been operated on more than once for renal 
stones, but otherwise was in good health. Their 
urine gave a strong cyanide-nitroprusside test 
for cystine. White blood cells were separated 
from freshly drawn human blood by fibrino- 
gen sedimentation as described by Skoog and 
Beck( 10). They were resuspended in iso- 
tonic sodium chloride solution and washed 
twice. The final suspension was made in the 
balanced salt solution of Eagle, BSS,( 1 1 )  and 
the cells incubated with gentle shaking in 
water bath at  37”C, under atmosphere of 5% 
C02, 95% 0 2 .  At time zero, labeled amino 

Methods. 



AMINO ACID UPTAKE BY “CYSTINURIC” LEUKOCYTES 695 

u) 

w 4 0 4  

MINUTES 

.I 0 * 

fl 

kg .08 

J w 
0 

L 
0 0 

1 . 0 6  * 

.04 

.02 ’ 

30 60 90 
MINUTES 0 

FIG. 1. Lysine incorporation into normal and 
cystinuric leukocytes. Medium concentration of 2- 
CI4 DL-lysine (0.6 mC/mM). Curve A-2.2 X 
molar. Curve B-0.43 X l o +  molar. 0-normal 
leukocytes. X-cystinuric leukocytes. Ordinate 
represents mpmolcs of nrnirio acid taken up by the 
cells. 

FIG. 2. Cystine incorporation into normal and 
cystinuric lcukoeytes. Medium coiicentratioii of Saj 
L-cystine (3.84 mC/mM) 7.1 X molar. 0- 
iiprmal leukocytcs in absence of lysine and argi- 
nine ; 0-normal lcukocytcs and X-cystinuric 
leukocytes, cnch in presence of 2.5 X molar 
L-lysinc and 1,-arginine. 

acid was added, and at intervals aliquots were 
diluted into 20 ml cold BSS and plated and 
washed on a membrane filter (millipore). The 
infinitely thin samples were air dried, mounted 
on planchets, heated in forced draft oven at 
70°C, one hour, and then counted. (Previous 
experiments had shown that substantially all 

the counts at these concentrations were insol- 
uble in hot 5 % trichloroacetic acid, and there- 
fore had become incorporated into cell pro- 
tein.) From counts/minute in the sample, 
and the specific activity of amino acid added, 
the molar quantities taken up were calculated. 

Results. Fig. 1 shows uptake of lysine at  
2 different concentrations in the medium. 

Incorporation began immediately at  maxi- 
mum rate but slowed considerably by 90 min- 
utes. At these low concentrations of lysine, 
rate of uptake depended on concentration, as 
previously shown for leucine uptake by white 
blood cells ( 12). Rate of uptake at a DL-ly- 
sine concentration of 0.43 x 104M was only 
about half that at 2.2 x lWM, but at both 
concentrations the cystinuric white blood cells 
took up lysine as well as normal ones. 

Uptake of cystine was followed a t  concen- 
trations as low as 7.1 x 1WM and the white 
blood cells of cystinuric subjects took up cys- 
tine at a normal rate. Lysine and arginine 
added to the medium in high concentrations 
(2.5 x 10-3M) did not affect rate of uptake 
of cystine by either normal or cystinuric white 
cells (Fig. 2 ) .  

It appeared, therefore, that no defect could 
be demonstrated in uptake of lysine and cys- 
tine by cystinuric white blood cells, at con- 
centrations considerably below normal blood 
concentration (9). In addition, there was no 
demonstrable effect of arginine or lysine on 
cystine uptake by either cystinuric or normal 
white blood cells, although such competition 
occurs in the renal tubules( 13). If, as 
seems likely, cellular concentrating mechan- 
isms for amino acids play a role in determin- 
ing rate of entry of amino acids into cells( 14) 
then these mechanisms may be basically dif- 
ferent from those involved in tubular absorp- 
tion of amino acids from the glomerular fil- 
trate, or, if they are similar, a defect in such a 
mechanism might exist in tubular cells alone.* 

Summary. Leukocytes of cystinuric pa- 
tients incorporate labelled cystine and lysine 
from the medium at a normal rate, even when 

* I t  is interesting to note that in a recent study of 
the concentrating power of human cells cultivated 
in vitro (HeLa) the amino acids involved in cystin- 
uria formed a distinct group as the most poorly con- 
centrated of all the amino acids(8). 



these m i n o  acids are added i n  very low con- 
centration. Rate of uptake of cystine by either 
normal or bbcystinuric" leukocytes is not ;ii- 
fectecl 11y presence of high concentrations oi  
a rg i n i n e an tl 1 y si n e . The ni ec ha n i sin of r en a 1 
tubular concentration ma!. therefore be tlii- 
ferent in kind from that of leukocytes. 
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Effects of Hand l ing  on  the  ,.idrenalectoinized Rat." (24467) 

Previous studies using normal young alhino 
rats have shown that handling or gentling re- 
sults in significant increases in weight gain 
and skeletal length ( 1.2 ) . superior learning 
ability ( 3  ) . and increased resistance to certain 
forms of stress(4,S). It has recently been 
shown that hypophysectomy alters some of 
the response to handling( 6 ) .  The purpose of 
this paper is to report the influence of adrenal- 
ectomy on certain effects induced by handling. 

Mcthods. Three consecutive experiments 
were done using young male rats of Sprague- 
Dawley strain .+ Bilateral adrenalectomy was 
performed in a single operation on 23rd day 
of life in Esp. I and on 21st day in Esp. I T  
and 111. The animals were weighed and then 
divided into 2 equal groups: 1 )  Beginning on 
day following adrenalectomy each animal of 
experimental group was handled individually 
for 10 minutes every day a t  same time of day 
for 2 months. In  each experiment a different 

* Supported by grant from U.S.P.H.S. 
t Obtained from Hormone Assay Labs.. Chicago. 

investigator handled the animals. Handling 
consisted of holding the animal in one hand 
and stroking it repeatedly with the other hand 
from head to tail with animal facing the 
handler. 2 )  Control animals were never 
touched after their original placement in cages 
following adrenalectomy . A weighed amount 
of food in dish (Exp. I and 11) or special feed- 
ing cup: to minimize spillage (Exp. 111) was 
placed in each cage and leftover food weighed 
to determine individual daily food consump- 
tion. Food used in Exp. No. I and I1 was 
as follows: 480 g canned dog food (Pard@), 
2 slices of crumbled whole wheat bread, and 
2 .5  nil Vi-Daylin@ (liquid multivitamin prepa- 
ration marketed by Abbott Labs.). These 
ingredients were thoroughly mixed and formed 
a soft, adherent mass such that food loss from 
spillage was minimal. In  Exp. I11 powdered 
J'urina Rat Chow was used. In  all experi- 
ments 5 %  glucose in normal saline was s u p  
plied as drinking water. Animals were housed 

Obtained from A. S. Aloe and Co. 


