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Normal humans excrete daily approximate- 
ly 1 mg of yA in the urine (1-3). This yA is 
in the molecular form characteristic of the 
secretory yA molecule (1). I t  is currently 
thought that in most secretions where this 
immunoglobulin predominates, it is synthe- 
sized locally in plasma-like cells, and that an 
extra protein moiety separately synthesized 
by mucosal epithelial cells combines with the 
yA to form the secretory 11s molecule char- 
acteristic of external secretions (4) .  The 
secretory yA molecule thus has a molecular 
weight of 385,000, as opposed to its serum 
counterpart which has a molecular weight of 
160,000 (5) .  The extra protein moiety, often 
referred to as secretory piece (SP), or trans- 
port piece, has no function clearly related to 
transport. I t  does, however, confer upon the 
yA molecule increased resistance to the effects 
of reduction (4) and proteolysis (6). Exper- 
iments designed to study the mode of interac- 
tion of SP and yA have suggested that SP 
labelled with lZ5I has a special affinity for yA 
relative to other serum proteins ( 7 ) .  Howev- 
er, the mechanism whereby urinary secretory 
yA is formed is unknown. It has been sug- 
gested (8) that the yA may reach the ureter 
by filtration through the glomerulus, secre- 
tion by cells in the interstitial renal tissue, or 
selective secretion by tubular epithelium, 
The yA may thus complex with SP, which 
itself may be synthesized or secreted by tub- 
ular cells, either in the tubular cell, intercel- 
lularly as has been suggested in other organs 
( 9 ) ,  or in the tubular lumen. 
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We have therefore studied the yA in urine 
from healthy adults following strenuous exer- 
cise to determine in what form the yA mole- 
cule is excreted in conditions where mild 
physiological proteinuria, presumably of 
glomerular origin, occurs ( 2 ) .  Preliminary 
observations had suggested that in exercise 
urine the yA had a greater exclusion volume 
on gel filtration, i.e., lower molecular weight 
than in normal urine (10). 

Methods. Urine was collected from 2 7  
healthy but untrained male adults within 1 
hr of a 3-mile cross country run for a total 
collection time of 2 hr. Two-hr collections of 
urine were also made on 16 healthy male 
adult sedentary workers pursuing normal dai- 
ly activities. In  both groups ages ranged 
from 20 to 36. Urine was processed as previ- 
ously described ( 1, 2 ) ,  concentrated approx- 
imately 100-fold and lyophilized. 

Gel filtration, sucrose density gradient ul- 
tracentrifugation, immunodiffusion, immunoe- 
lectrophoresis, and yA quantitation were per- 
formed according to methods outlined in pre- 
vious publications ( 1, 2 ) .  

The antisera to the human proteins used in 
the present study have been previously de- 
scribed (1 1) except for the antisecretory yA 
antiserum. This antiserum was prepared in 
the guinea pig by footpad immunization of a 
pure preparation of colostral yA emulsified in 
complete Freund’s adjuvant. The methods of 
Tomasi et al. (4) were followed for the 
preparation of colostral yA, however, the yA 
containing material off a G200 column was 
recycled on Biogel A5M (Biorad Labs., Rich- 
mond, Calif.) as a final preparative step. 
This was found to be a useful adjunct to 
separation of other colostral components from 
the secretory yA molecule. The resultant an- 
tiserum was absorbed with cord serum to 
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render i t  specific for the colostral yA mole- 
cule, and with normal human serum to make 
it specific for secretory piece. The antiserum 
did not react in immunodiffusion with lacto- 
ferrin preparations or in colostrum concen- 
trated 15 times, with anything other than SP 
or secretory yA. 

Results. The total weight of lyophilized 
urine was 3020 mg from 2 7  adults following 
exercise. 350 mg of lyophilized material was 
dissolved in 3 ml of 0.85% saline, applied to 
a Sephadex G200 column 2.5 )( 105 cm and 
eluted with a constant flow rate of 15 ml/hr. 
The protein elution pattern obtained by read- 
ing the eluant fractions at  280 mp in a Zeiss 
spectrophotometer is shown in Fig. 1. 

The yA reactivity extended from the sec- 
ond half of the first protein exclusion peak 
to the 7s region. Secretory piece reactivity 
was only found in the first protein peak. 
Some other proteins and their distribution in 
eluant fractions were plotted for convenience 
of reference. Pools were made as indicated, 
concentrated to 1/3 the original starting vol- 
ume, and tested in immunodiffusion in agar 
against a guinea pig anticolostral yA an- 
tiserum absorbed with cord serum (Fig. 2 ) .  
Colostral yA spurred over serum yA, due to 
the extra antigenic determinants in SP, and 
formed a reaction of identity with pool 2,  
which in turn spurred over pool 3. These 
relationshim were confirmed in the second 

part of Fig. 2 developed with the same an- 
tiserum made specific for SP by absorption 
with normal serum. A reaction of identity 
appeared between pool 2 and secretory yA. 
Pools 3, 4, and 5 had no reactivity with the 
anti- SP antiserum. 

Quantitation of yA by radial immunodif- 
fusion on the G2W pools revealed a total 

FIG. 2. Immunodiff usion in agar demonstrating re- 
lationships of G2O0 pools with secretory and serum y 
A. a, normal human serum; b, colostral 7 A ;  c ;  pool 
2 ;  d, pool 3 ;  e ;  pool 4 ;  f ,  anti-11S colostral yA 
antiserum; and R, anti-SP antiserum. 
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recoverable yA concentration of 0.99 mg as 
shown in Table I. The total yA applied to the 
column expressed as a 7s yA standard was 
1.1  mg. The total recovery was 90%. Ex- 
pressed as a 7s molecule, the 11s region of 
the column eluate (pool 2) had a total yA 
content of 0.14 mg which was 14.1% of the 
total yA recovered. Similar results were ob- 
tained on sucrose density gradient (10-4070) 
ultracentrifugation experiments. 

Experiments were performed to confirm 
the presence of both secretory yA and serum 
type yA in exercise urine. Precipitation with 
1.8 M ammonium sulfate was first undertak- 
en, since immunodiffusion experiments with- 
out fractionation did not reveal this relation- 
ship. The results are shown in Fig. 3 and 
demonstrate the presence of both 7s and 
11s yA molecules. 

In  order to be certain that the lack of 
detection of free SP in G200 fractions was 
not simply due to lack of sufficient normal 
excretion of SP in the 2-hr collection period, 
we examined this problem in normal healthy 
adults. Urine was collected from 16 adults a t  
work but not under conditions of strenuous 
exercise. The total lyophilized material from 
this collection weighed 128 mg. Since 350 mg 
of exercise urine used in the gel filtration 
experiment represented 3 times the average 
2-hr protein excretion per adult, an equiva- 
lent quantity of normal urine, i.e., 24 mg, 
was subjected to gel filtration on the same 
calibrated column described above. The frac- 

TABLE I. 

Total yA (mg; ex- 
pressed as 7s YA) 

Applied to column 

G200 Pool 1 
2 
3 
4 
5 
6 

Total recovered 

1 1 S region (pool 2) 
as yo of total 
recovered 

1.1 

0 
0.14 
0.61 
0.24 
0 
0 

0.99 

14.1 

FIG. 3. Reactions in agar between normal human 
serum yA (a) ; 1.8 M ammonium sulfate precipitate of 
exercise urine ( b ) ;  and 11s colostral yA (c) ; 
revealed by an antiserum to 11s colostral -yA (d).  
Arrows point to 11s yA. 

tions were collected and concentrated to 1/3 
the original starting volume as before (0.3 
ml) by Aquicide I1 (Calbiochem, Los Ange- 
les, Calif .) . Immunodiff usion experiments on 
the concentrated pools now reveaIed SP reac- 
tivity in both pool 2 and pool 4. As previous- 
ly reported (1) only pool 2 showed reactivity 
with the anti-yA antiserum. Although no yA 
was found in other pools and 100% of the yA 
recovered was in pool 2, considering the ex- 
perimental errors inherent in the methods 
used, these results were considered to be 
confirmatory of the results presented else- 
where (1) i.e., that 90% 0.f normal urinary 
yA is in the secretory form. 

Discussion. In  exercise urine a minimum of 
14% of the yA excreted is in the 11s secreto- 
ry form as opposed to normal urine, where 
over 90% is excreted as 11s yA and free SP 
is also always found (1).  No free SP was 
found in exercise urine either a t  concentra- 
tions of up to 350 mg of protein/ml, or in 
individual pools following gel filtration con- 
centrated to y’ the original starting volume. 

I t  is not known whether the immu- 
nofluorescent demonstration of SP in renal 
tubular cells (9 )  represents synthesis, ab- 
sorption, or secretion. Although the bladder 
appears capable of synthesizing some secreto- 
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ry yA ( 1 2 ) ,  the amounts involved appear in- 
significant relative to that coming from the 
kidney. 

Previous attempts to demonstrate, by in 
vitro methods, combination of unlabeled SP, 
isolated from urine from agammaglobulinem- 
ic patients, with serum yA, have proved fruit- 
less (1). I t  is possible, however, that in nor- 
mal and agammaglobulinemic urine, the free 
SP is present as a nonreactive dimer, or com- 
plexed to other protein moieties since the 
molecular exclusion volume on G 2 0  corre- 
sponds to molecules with a molecular weight 
of about 100,000 ( 1 ) .  However, free SP ob- 
tained from colostral yA has a molecular 
weight of 58,000 ( 5 )  and a molecular exclu- 
sion volume which corresponds to molecules 
with molecular weights of 76,000 ( 1 3 ) .  
Similar findings have been reported for free 
SP in human colostrum ( 1 3 )  and milk (14). 
The presence in exercise urine of easily de- 
tectable but minor amounts of l ls  yA and 
major amounts of 7s yA in the absence of 
free SP would suggest to us that the combin- 
ing sites of available free SP had been satur- 
ated by an excess of tubular 7s yA. An alter- 
native explanation for this finding might be 
that following exercise increased proteolytic 
activity in the urine with selective proteolysis 
of free SP might have occurred. 

I t  is apparent from this study, a t  least with 
regard to the yA, that the proteinuria of 
exercise is not simply an exaggeration of the 
normal pattern of physiological proteinuria. 
The results obtained could be interpreted as 
due either to an excess of yA passing into the 
glomerular filtrate, or a partial or complete 
block of yA reabsorption by the tubules, in 
the presence of a normal secretion or synthet- 
ic rate for SP. 

Summary. Examination of urine from pa- 
tients who underwent severe exercise has 
demonstrated that approximately 14% of the 

yA is present in secretory form whereas the 
remainder is excreted as 7s serum type yA. 
In normal urine at  least 90% of the yA is 
excreted as the secretory molecule. No evi- 
dence was found for the presence in exercise 
urine of free secretory piece, in contrast to 
normal urine which contains free secretory 
piece unassociated with yA. 
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