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Immunoelect rophoret ic  analysis  of the urine of intact male August rats revealed cer tain immuno- 
chemical ly  unchanged se rum proteins and also uroproteins  specific for urine,  identical to some proteins of 
kidney ceils.  The resul ts  may be useful for est imation of the state of g lomeru la r  fi l tration and activity of 
exc re to ry  p rocesses  in the kidneys. 

Pro te inur ia  is observed in a wide range of pathological conditions, especial ly  in kidncy disease.  Cc m- 
par ison of the spect rum of u r inary  proteins  in health and disease,  and, in par t icular ,  identificatie!~ of ;h,. 
origin and proper t ies  of individual u r inary  protein components are therefore of the grea tes t  importance [1 J. 
Because of the great  prac t ica l  importance of this problem many investigations have been made of the uro- 
proteins,  comparing them with blood proteins and kidney homogenate [2, 6, 7, 11, 13, 14, 18]. However, no 
complete descript ion of the spect rum of the ur inary  proteins of healthy individuals have yet been given, and 
the sources  of individual protein components and the way in which they reach the urine have not yet been 
explained. For  the comparat ive investigation of complex protein sys tems  the method of immunoelec t ro-  
phoret ic  analysis  has been found par t icu lar ly  useful, for it combines adequate p re l iminary  e lectrophoret ic  
fractionation of the proteins with high specificity and sensit ivity of immunologic react ions for the indentifi- 
cation of individual components of the fractions.  

The object of this immunochemical  investigation of the ur inary  proteins of intact exper imental  ani- 
mals using immune sera  against proteins of the blood serum and of the hyaloplasm, mitochondria,  and mi-  
c rosomes  of kidney ceils was to determine the origin, identity, and proper t ies  of the individual protein com- 
ponents of the urine. 

E X P E R I M E N T A L  M E T H O D  

Male August ra ts  weighing 160-180 g were kept on a standard diet during the exper iments ,  with water  
ad lib., in cages with facili t ies for collecting the urine and solid excre ta  separately.  Each cell contained 
5 or  6 animals.  Animals of 15 groups were investigated at different t imes.  The total urine excreted by the 
animals of each group in the 24 h was dialized against  physiological  saline and water  and then concentrated 
20-25 t imes by drying in a cur ren t  of cold air  or  f rom the frozen state. Pro l i fera t ion  of mic roorgan i sms  
was prevented by ca r ry ing  out all these procedures  at a tempera ture  of 4 ~ and by addition of merthiolate 
to the urine. After the urine samples had been concentrated in this way, the protein content was determined 
[15], and e lect rophoret ic  fractionation was then ca r r i ed  out for 120 min in 1% agar  gel using a voltage of 9 
V /cm under the conditions descr ibed previously  [3]. E lec t rophores is  of 9-11 paral le l  samples ,  followed by 
staining for protein,  glucoproteins,  and l ipoproteins,  were car r ied  out s imultaneously [17]. The relative 
and absolute contents of individual protein fract ions in the urine were determined by dens i tometry  of the 
stained prepara t ions  af ter  e lec t rophores i s  in the Er i -10 extinet iometer .  The relative e lec t rophoret ic  mo- 
bility of the fract ions was found from the formula:  

a ~ UxlUa, 

where a represen ts  relat ive e lect rophoret ic  mobility, Ux mobility of the test fraction, and Ua mobility of 
human se rum albumin determined in the same experiment.  Development of the prepara t ions  af ter  e lec t ro -  
phores is  was ca r r i ed  out with rabbit  s e ra  obtainod by immunizing rabbits with se rum and urine proteins,  
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Fig. 1. Distribution of proteins during 
e lec t rophores i s  of blood se rum (I) and 
urine (II) of ra ts .  

proteins of mitochondria and mic rosomes ,  and proteins of kid- 
ney cell juice. Cytoplasmic granules and hyaloplasm of the kid- 
ney cells for immunization of the rabbits were isolated by f rac-  
tional eentrifugation of rat  kidney homogenate [4]. The schemes 
of immunization of the rabbits,  and methods of t rea tment  and 
c ross  exhaustion of the se ra  have been published previously [3, 
4]. After e lec t rophores is  and immunodevelopment using ex- 
hausted and unexhausted sera ,  precipitat ion lines of individual 
proteins were identified by compar ison with kidney, serum,  
and ovarian proteins by Osse rmann ' s  method [16] andby special 
staining for glueoproteins,  l ipoproteins,  eeruloplasmin,  hapto- 
globin, and proteins [17]. The precipitation line belonging to 
serum t rans fe r r in  obtained by immunoelec t rophores is  of u r i -  
nary  and se rum proteins of intact rats  was detected by means 
of Fe59C13 in radio immunoelee t rophores is  experiments  by the 
method of Baker and co-workers  [9]. 

E X P E R I M E N T A L  R E S U L T S  

The quantity of proteins excreted by August rats  in the 24-h period showed very  slight variat ion,  and 
in repeated determinations at different t imes of year  it was 12.5 • mg protein per  animal. 

Ur inary  proteins were separated by e lec t rophores is  into 6 fract ions with relative e lec t rophores is  
mobili t ies of: a -prote ins  1, b 0~ c 0.66, d 0.51, e 0.4, and f-proteins  0 ~ By their e lect rophoret ic  mo- 
bility only the a- and e-  uroprote ins  corresponded to the serum a 1 and ~-  globulins, and the other u ropro-  
rein fract ions differed from the serum proteins in this charac te r i s t i c  (Fig~ 1). 

The content of the various uroprotein  fract ions in the urine fell parallel  to the decrease  in their e lec-  
t rophoret ic  mobility. The "faster"  a- ,  b- ,  and c- proteins,  for instance, accounted for up to 80~/o of the total 
u r inary  proteins (36.2 • 0.8, 24.0 • and 21.5 • whereas  the content of d-, e- ,  and f-proteins  in 
the urine was 12.5 =0.26, 4.3 • and 1.5 • analysis  after  Bailey [10]). 

By immunochemical  tests with anti-urine serum,  11-12 antigens were detected in the urine. Com- 
par ison by Osse rmann ' s  method with blood proteins and immunodevelopment of the peaks by serum against 
blood proteins identified se rum albumin, 7-globulin,  and one component each of the serum proteins with 
mobility of al,  a2, and pl-globulins (Fig. 2). Haptoglobin, t ransfer r in ,  ceruloplasmin,  and serum lipopro- 
teins and macroglobulins  were not found in any sample of urine tested. The serum albumin excreted in the 
urine possessed  higher e lec t rophoret ic  mobility and increased physieochemical  heterogenei ty of its mole-  
cules, so that t rea tment  with serum against ra t  blood proteins af ter  e lect rophoret ic  fractionation of the uro-  
proteins led to its precipi tat ion over a wide zone instead of the c lear ly  defined precipitat ion line observed 
during analysis  of blood serum proteins.  

Serum T-globulin was present  in the urine as two subfractions with different e leet rophoret ic  mobil-  
ities, so that the precipitat ion line of the "fast" subfraction of this protein during immunoelec t rophores is  of 
the ur inary  proteins continued as a second wave far  ahead into the zone of the a-uroprote ins .  The "fast" 
Y -globulins of the urine differed to some extent f rom the main fract ion in their  antigenic proper t ies ,  so 
that this subfraetion of the ur inary  proteins could be c lear ly  detected only with the aid of anti-urine serum 
and could not be detected by t rea tment  with immune serum against rat  blood proteins.  The reasons  for this 
may lie both in qualitative differences in the antibody content in this subfraction in the two sera  or  in l ibera-  
tion of "latent" antigenic determinants  during formation of low-molecular  weight f ragments  of "~-globulin. 
Low-molecular  weight f ragments  of antibodies and of serum T-globulin have frequently been detected in the 
bioeolloids of human and animal urine [6, 11, 18, 19], and according to the findings of Webb and co-workers  
[18, 19], the low-molecular  weight f ragment  of a2-globulin in healthy human urine differed to some extent 
in its antigenic proper t ies ,  just as in our experiments  on ra ts ,  f rom the unchanged protein molecules.  The 
high physieochemical  heterogenei ty of se rum proteins found in the urine may be due both to degradation of 
these proteins to low-molecular  weight f ragments  in the ur inary  t rac t  and also to elimination of their  tow- 
molecular  weight f ragments  f rom the body along with a propor t ion of unchanged molecules circulating in 

the blood s t ream.  
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Fig. 2. Immunoelec t rophores is  of rat  ur inary  proteins.  1, 2) Draw-  
ings; la ,  2a) photographs. Developed with rabbit an t i sera  against 
ra t  u r ina ry  proteins,  unexhausted (1 and la) and exhausted with rat  
blood se rum proteins and e ry th rocy tes  (2 and 2a). 

Anti-urine serum, when completely exhausted with rat  blood se rum protein and e ry th rocy tes ,  re -  
vealed a fur ther  7 antigens by e lec t rophores i s  of the uroproteins ,  among which the dominant member  was 
cl-antigen. The precipitat ion line of this antigen s tar ted in the zone of the d-uroprote ins  and continued in- 
to the zone of a-prote ins ,  staining well for glucoproteins.  Elec t rophore t ica l ly  "fast" and "slow" subcom- 
ponents were also found in the awuroprote in  , the precipi tat ion line of which continued as a "tail" into the c-  
uroprotein  zone. In the a-prote in  zone, besides a large number of se rum proteins,  a glucoprotein whichwe 
called a3-antigen was also c lear ly  detected. On compar ison with proteins of various kidney subcel lular  
s t ruc tu res ,  the a l- and a3-uroproteins were identical to antigens of the mic rosomes ,  whereas  the slow e w 
uroprotein  was detected only among the cell juice proteins of the testis.  The principal  cwuropro te in  was 
detected both among the hyaloplasm proteins and the kidney m i c r o s m e s ,  while c2-antigen, not identical to 
any of the water -so luble  antigens of the kidney cytoplasm or nuclei or tes t icular  cell juice apparently en- 
tered the urine f rom epithelial cells of the ra t  u r inary  t ract .  

The exper iments  thus showed that certain immunochemical ly  unchanged serum proteins as well as 
cer tain uroproteins  specific for urine,  identical to certain proteins of the kidney cells,  are  present  in the 
urine of intact animals.  Pro teIns  may enter the urine both during fi l tration of p lasma through the glomerul i  
and as a resul t  of s ec r e to ry  and excre to ry  p roces se s  in the renal tubules [8, 12]. As was shown previously 
[5], up to 20 different proteins can be distinguished immunochemical ly  among the cytoplasmic proteins of the 
kidneys, of which 3 mic rosomal  antigens (as, a2, cl) and one protein of the kidney cell juice fract ion (cwan- 
tigen) are also found among the uroprote ins  of intact rats .  The technique of isolation of cytoplasmic gran-  
ules f rom kidney homogenate ensured freedom from contamination of the granules with proteins of the cell 
juice, urine,  and blood se rum of the ra ts ,  so that the accumulation of cer ta in  kidney proteins of mainly 
mic rosomal  origin in the urine indicated their  elimination from the body as a resul t  of active tubular ex- 
cretion,  and not of g lomeru la r  f i l trat ion or  death of the epithelial cells of the renal tubules. 

Immunochemical  detection of blood serum proteins among the uroprote ins  can thus shed light on the 
state of g lomeru la r  fi l tration, whereas  the d iscovery  of cer tain proteins  specific for urine in the urine, when 
compared with the resul ts  of cytological investigations using ant i-urine sera ,  provides an index of the ac-  
tivity of exc re to ry  p r o c e s s e s  in the kidneys. 
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