
EFFECT OF DECREASED SOLUTE LOAD ON URINARY OSMOLALITY

of which is dependent upon the concentration
gradient between fluid in the collecting tubule and
that in the medulla (17). This gradient is pro-
duced, in large part, by the rapid outward diffusion
of water as the tubular fluid enters the area of
medullary hypertonicity. A fall in filtration rate
with continued back diffusion of urea throughout
the length of the tubule markedly reduces the clear-
ance ratios of urea to inulin and, accordingly, the
quantity of urea entering the concentrating seg-
ment. The rate of back diffusion of urea at this
site would therefore be considerably reduced and
the effect on total medullary osmolality would be
diminished. As the urea concentration at this
medullary site falls, the back diffusion of what-
ever tubular urea reaches it would be more com-
plete. Because the rate of total solute and urea
entering this segment is much reduced, the con-
tinued back diffusion of urea at the concentrating
segment or any more distal site would effect a
more conspicuous fall in total solute concentration
of the urine.4 The combined effect of a fall in the
rate of back diffusion of urea on total medullary
concentration and of the continuing back diffusion
of urea at, or distal to, the concentrating segment
would explain the net fall in urine solute and urea
concentration observed in normal subjects.

4 Since these experiments were completed, Levinsky
and Berliner have shown that a small concentrated vol-
ume of urine left in the bladder for 30 minutes may lose
a considerable fraction of its urea, presumably, via a
process of passive back diffusion (19). While an un-
determined fraction of the total fall in urine osmolality
noted in these experiments may result from the con-
tinuing back diffusion of urea at the concentrating seg-
ment or any site distal thereto, it is difficult to ascribe the
entire drop in osmolality to the back diffusion of urea in
the bladder per se. During the hypotensive period, the
bladder was constantly drained and emptied so that each
period could be terminated as soon as 6 ml. of urine
was obtained. Consequently, the urine was not per-
mitted to lie in contact with the bladder mucosa for more
than five minutes. Furthermore, in the uremic subjects
where the same back diffusion of bladder urea would be
expected, the urine urea concentration rose during the
period of hypotension. Regardless of the length of the
period of urine collection, no fall in urine osmolality or
urea concentration occurred during any control period
or any experimental period not preceded by a considerable
fall in glomerular filtration rate. Finally, in each ex-
perimental period in which a fall in urine osmolality
occurred, this decrease exceeded the simultaneous drop
in urinary concentration of urea.

Many reports in the literature attest to the role
of high protein and urea loads in producing maxi-
mum concentration of the urine (20-22). The
fall in urine osmolality effected by protein and
urea deprivation may to some extent relate to the
reduced urea loads available for back diffusion in
the collecting duct.
This hypothesis, proposed to explain the changes

in the normal subject, is in accord with the op-
posite changes in urine solute concentration noted
in the patients with renal failure. The relatively
larger quantities of filtered urea excreted, as evi-
dent in the high urea to inulin clearance ratios,
tend to impose an osmotic diuresis on the oper-
ating nephrons. This circumstance assures that
a relatively good urea load may reach the collecting
duct after the fall in filtration rate. The effects of
the fall in urea load on the concentrating segment
would therefore be muted. Further, the osmotic
diuresis in the uremic patient may, even with a
Pitressin® infusion, prevent maximum back dif-
fusion of distal tubular water (8). The increment
in the distal tubular fluid concentration effected by
a reduced rate of flow might tend to obscure the
simultaneous reduction in the efficiency of the
concentrating segment. This dual effect may re-
solve the discrepancy between a net increase in
urine concentration produced by a fall in filtra-
tion rate in diabetes insipidus dogs with the failure
in these same experiments to produce a maximally
concentrated urine (7).

It has been reported that in the dog comparable
experiments produced similar but more marked
falls in urine concentration (23). These experi-
ments differ from those reported here in that much
more sizeable reductions in filtration rate were
attainable in the experimental animal.
The fall in urine concentration recorded in these

experiments seems best explained by, and there-
fore supports, the hypothesis that urine is con-
centrated by the flow of tubular fluid past an area
of medullary hypertonicity. However, these data
may also be explained in other terms. It is con-
ceivable, for example, that the fall in urine solute
concentration might be related to a reduction in
blood supply to separate populations of nephrons.
The reduced renal perfusion precipitated by ex-
perimental hypotension may eliminate filtration in
those nephrons dipping deeply into the medulla
and supply blood only to those with shorter tu-
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p~tA950A, in which a segment of phage A DNA has been
inserted into pA,&950 at the site of the original deletion. The
inserted DNA restored wild-type expression, thus indicating
that the original alteration did not involve a specific se-
quence element. We also conclude that the effects are

directly related to spacing rather than simply a fortuitous

FIG. 1. Expression of Ai intron-dele-
tion and -substitution mutants in M12 and
J558L cells. (A) Structure of the pit,
puA950, and pgA95OA plasmids. The pg
plasmid is the pAA3 plasmid described by
Grosschedl and Baltimore (11). The deri-
vation of the other plasmids is described
in Methods. Exons encoding the leader
(L), variable-diversity-joining (VDJ),
and constant (CA1-CL4) regions of the A
heavy chain are shown. The stippled por-
tion of the Cg4 exon encodes the carboxyl
terminus of the secreted form of the pro-
tein. Exons ml and m2 encode the car-
boxyl terminus of the membrane-associ-
ated form. Poly(A) sites for As and /.Lm

RNA are indicated AsPA and /umPA, re-
spectively. (B) Si nuclease protection as-
says. M12 cells or J558L cells were trans-
fected with each of the indicated plas-
mids, and RNA was harvested 48 hr later.
The ,s and g.m RNAs were detected by
Si protection assay using the probe de-
picted below the autoradiograph. Left-
most lane contained a Hpa II digest of
pBR322 DNA to provide size markers
(lengths given in nt). Transfection and Si
nuclease mapping assays were performed
as described (6, 11). Histone H4 RNA
was detected by a 5' S1 assay as de-
scribed (11).

alteration of RNA secondary structure, since the change in
I.L/ILm ratio has been shown to be directly proportional to
the size of the deletion (6, 8). In the case of J558L expres-
sion, the results of Fig. 1 indicate that transcription termi-
nation has been restored, thus preventing use of the pum
poly(A) site. We conclude that the site of transcription
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histone RNA internal control is also increased. We presume
that the alteration in normal Mum splicing is the basis for the
reduction in total Pim RNA. We thus conclude from these
results, as well as those presented in Fig. 2, that the
dominant factor in RNA production is selection of the
poly(A) sites and that splicing most likely must follow this
selection.

FIG. 3. Structure and expression of
pA splice site mutants. (A) Structure of
the pu/A1200, piAA1600, and piLA1750
plasmids. The S1 protected bands la-
beled RT are due to RNAs protecting the
probe to the site of sequence divergence
due to the deletion. Thus, these are
RNAs unprocessed at either the C 4
splice donor or the 1,. poly(A) site. 91
nuclease protection assays were per-
formed as for Fig. 1. (B) The puSP
plasmid contains a 60-nt deletion, be-
tween the BstEII and Pcl I restriction
sites in the C, 4 exon, that removes the
splice donor sequence. For assay of A.,
RNA from the pp.SP plasmid, a Bcl I-
EcoRV probe was prepared. The Am

RNA was detected with a Pst I-Xho I
probe. These probes are depicted in the
diagram below the autoradiograph.

DISCUSSION

The clear result from these and previous experiments (6, 8)
is the effect of intron deletions on js/.m RNA production
and that this is not due to a loss of specific sequence.
Furthermore, the analyses ofM12 cells-in which the effects
must be due to an alteration of RNA processing, since the
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mutations do not affect transcription and cannot affect
mRNA stability-indicate that the deletions alter proper
spacing in the primary transcript that affects poly(A) site use
rather than splicing. Thus, in the case of the 4 transcription
unit, the dominant factor appears to be poly(A) site selection
with the splicing pattern following from this initial choice.
This is in apparent contrast to the manner in which the
expression of another complex transcription unit, that en-
coding calcitonin/calcitonin gene-related peptide, is regu-
lated (10). It was found that selection of splice sites in a
cell-specific manner was the dominant factor in determining
the final output of mRNA. Therefore, alternative RNA
processing in a complex transcription unit, which in most
cases involves both alternative splicing choices as well as
alternative poly(A) site choices, can be directed by either
splicing or poly(A) site utilization.
How might the spacing of the poly(A) sites within the kx

transcription unit affect the relative usage? We previously
demonstrated that the l.Lm poly(A) site was probably stronger
than the uL poly(A) site and that if the order of the poly(A)
sites in the transcription unit was reversed, then there was
exclusive use of the /Lm site (6). This result, together with
previous data showing that poly(A) site selection occurred
on nascent transcripts (9), argues that there is polarity to the
selection process when a transcription unit contains multiple
poly(A) sites. The data presented here indicate that the
polarity is exhibited not just by the order but also as a
function of the distance between the poly(A) sites. We
suggest that the spacing of the two poly(A) sites affects the
time in which the first poly(A) site is available to be utilized.
When the downstream site is brought closer to the upstream
site, the window of time in which the first site is available
and can be used is made smaller. The probability of using the
first site is therefore determined by this available time, the
"strength" of the poly(A) site [possibly the affinity for a

poly(A) site factor], and the concentration of the "factor."
Thus, each of these elements, including the architecture of
the transcription unit, would be important for the control of
the output of RNAs. Interestingly, a comparison of the
sequences of mouse, hamster, and human (ref. 12; P. W. T.,
unpublished data) reveals that evolution has conserved the
spacing between the two poly(A) sites while the sequence of
the introns has drifted dramatically. We speculate that this
arrangement, along with a changing concentration of a
common poly(A) site factor during B-cell differentiation,
then determines the final ratio of IgM Au RNAs.
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