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ABSTRACT

Urea trangport in the kidney iz mediated by a family of transpoenter proteins that includes renal urea
trangporters (UT A) and erythrocyte urea transporters (UT B). The cDNA of five izoforms of rat UT A, UT
AL UT A2, UT A3 UT Ad, and UT AS have been cloned. The pumpose of this study was to examine the
erpreszion of UT A (L194), which marled UT Al, UT A2 and UT Ad. Male 3prague Dawley rats,
weighing approximately 200 g, were divided into three group: control rats had free access to water, dehydrated
ratg were deprived of water for 3 d and water loaded rats had free accessz to 3% sucroze water for 3 d before
being killed. The kidnewvs were prezerved by in vive perfuzion through the abdominal aorta with the 2%
pataformaldehyde lysine periodate (PLP) or 8% paraformaldehyde solution for 10 min. The sections were
processed for immunohistochemical studies using pre embedding immuneperoxidase method and immuno-
gold method,

Inthe normal rat kidney, UT Al was expressed intensely in the cytoplasm of the inner medullary collecting
duet (IMCD) cell and UT A2 was expressed on the plasma membrane of the terminal portion of the short
loop descending thin limb (DTL) cells (type I epithelium) and of the long loop DTL cella(type II epithelium)
in the initial part of the inner medulla.

Immuneteactivity for UT Al in the IMCD eelly waz decreased in debydrated animals whereas strongly
increazed in water loaded animals compared with control animals. In the short loop DTL, immunoreactivity
for UT A2 was increazed in intensity in both dehydrated and water loaded groups, However, inthe long loop
DTL ofthe outer part of the inner medulla, immunoreactivity for UT A2 was marlcedly increage in intensity in
dehydrated group, but not in water loaded group.

In conclusion, in the rat lddney, UT Al iz located in the cytoplasm of IMCD cells, whereas UT A2 i
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located in the plasma membrane of both the short and long loop DTL cells. Immmune histochemistry sudies

revealed that UT Al and UT A2 may have a different role in urea transport and are regulated by different

mechanisms.
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Fig. 1. Light micrographs of the kidneys from control animals illustrating single immunostaining for UT -4 (A) and double immu-
nogtaining for Na/K-ATPaze | and UT-A (B-D). A, Strong UT -A Immunoereactivity was pregent in the terminal portion of
short-loop descending thin limb (DTL, arrow) in the inner stripe of outer meadulla (I8), and also present in the inner medu-
llary collecting duct (IMCD; open arrow), where the intensity of the labeling gradually increased toward the papilla tip, C
and D higher magnification of I¥ and the border between outer and inner medulla, respactively. C: note that curved arrows
indicate the abrupt transition from strong UT-AZ-pogzitive DTLe (brown) to Na/K-ATPase ol -positive thick ascending
limba (blue). Asterizles indicate vascular bundles. D: note that UT-A2 was expressed alzo in the long-loop DTL located at
the border between outer and nner medulla, Co, corter; OF, outer stripe of outer meadulla, IM, inner medulla, Magnificat-
o A & B, X 15, C&D, 140,
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At start Atend (mOsm/kg)
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Dehydrated 208+£13 18311 38131213
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Y Uy values are different from sach other (P < 0.001)
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Fig. 3. Tranam ission electron microzcopic localization of UT -4 in the inner part of I3 of rat kidney. Strong UT -42 was obsarved
in the type [ epithelium of the short —loop DTL which was directly commnected with unlabeled TAL, Bar = 1 pim.
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Fig. 4. Transm iszion electron microscopic localization of UT -

A iIn the initial part of the inmer medulla of rat kidney.
UT - A2 was weallly expreszed in the type II epithelium
of the long-loop DTL (@0, There wazno UT-A imm-
unoreactivity in the type I'V epithelium (&) which iz
characterized by an absence of surface microvilli but
haz an abundance of lateral cell processes and nterdig-
itations. Bar=1pm.
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Fig 5. Transmission electron microscopic localization of UT-AZ2 inthe DTL cells of the terminal part of the short-loop DTL inthe
inner part of [2 using immunogold method. Note UT -4A2 was localized predominantly on the plasma membrane especially

on the basolateral plasmamembrane. BEar=1pm.
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A2l HEE 5 9 Fig 6), $ARFRAA UT-
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¥ a¥rt g R5d AEgoen, due Mzl
g2 M 2 det (Fig. 7).
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Fig. 6. Transmission electron microscopic localization of UT-A1 in the IMCD cells of the middle part of IMCD using immunogold
method, UT-41 wag distributed diffusely in the cytoplasm of IMCD. There was no UT-A1 labeling on the plasma

membrane including apical plasma membrane, Bar =1 pm.
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Fig 7. Transmission electron microscopic localization of UT-A1 in the middle part of IMCD uzing immunogold method (4-C).
Note UT-A 1 -negative cells with a condensed micleus and an eleciron dense cytoplasm, Bar = 1 pm,

et A EA o ABAAET ZARE  melr A 13 A (ype I cell)ol m, 95
AREYE o4 WAFVHEEYE AAT v S5A8 AARPAA UT-A2d FEES] AT
Brds) 52 UT-A2d 4% A2 £ dole A%: 03 A=e 342 92 82
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Fig, 8. Light micrographs of the kidneys from control (A, D & G), dehydrated (B, E & H) and water loaded animals(C, F & 3)
illustrating single immunostaining for UT-4A (A -F) and double immunestaining for AQP1 and UT-4 (G-I).In dehydrated
animals, UT-AZ was up regulated both in the short- and long-loop DTLa (E), whereas UT-A | was downregulated in the
IMCDe(E). In water loaded anim als, UT - A2 of the short-loop DTL and UT-4A1 in IMCD was up regulated, howewer UT -
A2 inthe long-loop DTL was not ncreazed (G-H). UT-AZ-positive cells (brown) were marledly increased in number in
the AQF1-positive (blue) long-loop DTL (asterisks) of dehydrated animal compars to confrol and water loaded animals,
Magnifications: & -F, x 20; G-I, =200,
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Fig 9. Light micrographs of the middle parts of renal papillas from control (&), dehydrated (B) and water loaded animals ()
illustrating single immunestaining for UT-A, Note that UT-A1-poesitive IMCD cells were decreased in mumber in
dehydrated animals (B) but ncreaged in water loaded animals (). Stars indicate the irmer medullary collecting duct.

Magnifications: 4-C, x 420,

Fig, 10, Transmission elactron microscopic localization of UT -A in the outer (4) and nner part (B) of [5, and initial part of inner
medulla (C) of rat kidneys from dehydrated animals. UT-42 wag expressed not only in the type [ epithelium (D)) of the
short—loop DTL but alzo i the type I epithelivem (@) of long-loop DTL in all parts of medulla. Note UT -42 positive
Golgl complex () In A, No UT-AZ immunoreactivity was obgerved in the type IV epitheliam (&0 of the ascending thin

limb (Y. Bar = 1 pm.
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