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The cytoskeletal protein villin as a parameter for early
detection of tubular damage in the human kidney
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ABSTRACT

Yillin is a cytoskelctal protcin of brush borders in the kidney and gut. After renal tubular cell injury the brushborder fragments are
shedded into the tubular lumen and excreted with urine indicating renal tubular damage {so called “renal antigen™ shedding). 1n urine
villin appears as intact moelecule (95 000 dallon) and as fragment with 70 000, 45 000 and 22 000 dalton. The major villin fragment
(70 000 dalton) was purified after ammonium sulphate precipitation from urine ol human renal transplant recipients. Final purification
of the villin 70 000 datton fragment was achieved by gel filtration with TSK 3000 SWGQ preparative grade. Purification was varified by
sodivm dedecyl sulphate—polyacrylamide gel eletraphoresis and western blotting.

INTRODUCTION

Kidney damage often leads to renal failure with
the consecutive hazard of kidney replacement ther-
apy [1,2]. As kidney failure at early onset does not
demonstrate early subjective recognizable warning
signs, it is important to develop markers of renal
tubular and glomerular function that are able to
detect early on any dysfunction with a view to pre-
venting renal damage. A new approach in this di-
rection was the determination of “‘renal antigens™ in
urine, The idea was that any cell damage will be
followed by a shedding of tubular fragments into
urine, which can be detected by enzyme immunoas-
say [3,4].

Villin is a cytoskeletal protein of brush borders
with a molecular weight of 95 000 dalton as the in-
tact molecule [5]. It is linked to actin and stahilizes
the actin filaments that anchor the individual mi-
crovilli [5-8]. This is its role under normal Ca2”
concentrations of <10~7 M. However, in condi-
tions of high Ca®* concentrations of >10"% M,
which are present during cellular damage such as

hypoxia or direct toxic agents, viliin acts as an F-
actin severing protein [9]. This causes a release of
brush-border bundles which are shed into the lu-
men of the tubule and excreted with urine [3]. The
appearance of villin in the urine is therefore an in-
dicator of renal tubular damage. In urine villin ap-
pears as the intact protein and also as fragments of
70 000, 45 000 and 22 000 dalton. The most abun-
dant fragment is the 70 000-dalton fragment. Brush
borders in the kidney are present in the proximal
tubule only. Shedding of villin would therefore in-
dicate damage to the proximal tubular cells.

In order to develop an assay to detect human vil-
lin in urine, we stratified our approach as follows:
(1) development of a polyclonal antibody against
villin, (2) development of a monoclonal antibody
against villin and (3) purification of human villin
70 000-dalton fragment.

The production of antibodies has partially been
reported elsewhere [3]. In this paper we focus on the
purification of a 70 000-dalton villin fragment from
urine of patients with routine techniques.
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EXPERIMENTAL

Fast protein liguid chromatography {FPLC)

For gel filtration under low-pressure conditions
(FPLC), an HPLC pump and controller (LKB—
Pharmacia, Freiburg, Germany) was used. The de-
tection of the effluent was performed with a mono-
chromatic UV detector at 280 nm and recorded on
strip-chart recorder or computer (Shimadzu CR3-
A), The columns used were TSK 3000 SWG (Phar-
macia LKB) and Superdex 200 16/60 (Pharmacia—
LKB). The buffer used was 20 mM Tris HCI (pH
with 8 M urea.

Flow conditions

The typical flow-rate was between 0.5 and 1.0 ml/
min in all instances. The effluent was collected at
2-8-min intervils and further processed by sodium
dodecyl sulphate polyacrylamide gel electrophore-
sis (SDS-PAGE).

SDS-PAGE

SDS-PAGE was performed on [3% slab gels
with Coomassie Brilliant Blue staining as routinely
used in our laboratory or by automated SDS-
PAGE (Phast syslem; Pharmacia— LK B) with auto-
mated silver staining (Pharmicia product informa-
tion).

Samples

Uring from two children following renal cadaver
transplantation was collected daily without the ad-
dition of any preservative and immediately stored
in a refrigerator. Urine from one child with acuwce
renal failure following haemolytic uraemic syn-
drome (HUS) was collected similarly. The proce-
dure was approved by our local ethics committec.

RESLULTS

To 500-ml aliquots of urine, ammonium sulphate
was added to achieve a final concentration of 50%.
After  centrifugation  the pellet was  further
processed. After dissolution in sterile distilled water
the solution was freeze-dried and stored until
processing,

Fig. | depicts SDS-PAGE with silver staining of

the original urine. The gel filtration of the crude
solution on a Superdex 200 60/16 preparative col-
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Fig. 1. SD5-PAGE with Phast syslem with automated silver
staining, Discontiruous gel with §-25% PA. 5L = standard (mo-
lectlar weights in kilodalton); ¥i = crude villin preparation.

tumn is shown in Fig. 2. According to the SDS-
PAGE and the gel filtration patterns, the greatest
amount of protein is in the range 45 000- 75 000 dal-
ton. Although the higher-molecular-weight proteins
are separated very effectively, the lower-molecular-
weight proteins are not cot off. In addition, with
this column a final separation of albumin with a
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IM1g. 2. Sepuration of crude villin preparation by gel filtration on

Superdex 200 1660 together with two marker proteins, aldolasc

(158 000 dalton) and ovalbumin (43 000 dalton} in the presence

of 8 A7 uwrca. Flow-rate, 0.5 mi/min; absorbance. (.64; aiten-

uation, §. Peaks: | = elution peaks; 2 = aldolase: } = villin

{+albumin); 4 = ovalbumin.
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Fig. 3. SDS-PAGE with Phast system (see also Fig. 1) {rom effluent of the gel filtration separation shown in Fig. 2. The time
corresponds to the time scale of the gel filtration tracing. St = standard proteins (molecular weights in kilodalton, kD).

molecular weight of 67 000 dalton and the villin
fragment with a molecular weight of 70 000 dalton
could not be achieved (Fig. 3).

A better resotution of the villin preparation was
achieved with another gel filtration column, TSK
3000 SWG. As can be seen in Fig. 4., the main villin
peak as demonstrated by Fig. 2 is separated into
two clearly distinguishable peaks. The two peaks
correspond to the different molecular weights of vil-
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Fig. 4. Separation of a 70-kilodalton villin fragment by gel fil-
tration on a TSK 3000 SWG collumn in the presence of § M
urea. Flow-rate, 0.5 ml/min; absorbance, 0.1; injection volume,
500 ul. Peaks: 1 = albumin; 2 = villin.

lin and albumin, as shown in the corresponding
SDS-PAGE patterns in Fig. 5.

DISCUSSION

The original proposal to purify villin derived
from brush-border vesicles of chicken intestine was
reperted by Bretscher and Weber [10], but the tech-
nigue is time consuming, difficult and yields protein
of low purity. In addition, from fifteen chicken in-
testines a maximum of 5 mg of villin can be isolated.
In the urine of patients with severe renal damage,
e.g., those who have undergone kidney transplanta-
tion, which in experimental terms is nothing but a
recovery from acute renal failure with brush-border
shedding, we observed villin concentrations up to
20 mg/1[3].

With the present approach it was possible to
highly enrich villin substantially by gel filtration in
the presence of § M urea. We used two different gel
filtration media that were not equally suitable for
the present problem. The advantage of Superdex
200 is the very clear separation between high- and
low-molecular-weight proteins in the range
200 000- 20 000 dalton. The separation of human
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Fig. 5. SDS-PAGE with continuous slab gel with [ 3% PA of the
gel filiration given in Fig. 4. The time corresponds 1o the fime
scale of the gel fltration tracing. § = standard proteins (molee-
ular weights in kilodalton, KID).

serum albumin (67 000 daltan) and the villin frag-
ment (70 000 dallon) was not possible on Superdex
200. In contrast, the TSK 3000 SWG column re-
solved these two proteins. This approach is simple,
straightforward and inexpensive.

Owing to the detection of the gene locus and the
exact sequence of villin, further deveiopments such
as tumour markers are coming into the field [11,12].
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In conclusion, renal antigens, that is, proteins
which are released by the kidney under conditions
of damage, are new parameters of tubular cell in-
Jury. With classical biochemical methods and Lhe
development of improved-separation media, the pu-
rification of proteins can be resolved by simple and
fast techniques.

ACKNOWLEDGEMENT

This study was supporied by the German Re-
search Foundation {(Ho 1164/2-1 and Zi 314/1-2),

REFEREMNCES

1 M. Steinhausen, N. Parekh and B. Zimmerhackl, in D. Sey-
bold and U, Gessler (Editars), deute Renal Failure, Karger,
Busle, 1982, pp. 9-22.

2 L. B, Zimmerhack), C. R. Robertson and R. L. Jamison.
Cire, Rey., 57 (1985) 657667

3 L. B Zimmerhackl, G. Weber, DL TTofer, T. Fabricius, 1. M.
Seott. M. Brandis, 1. Drenckhahn and R, Kinne. in I, H.
Bach, N. I. Gregg. M. F. Wilks and L. Delacrus (Edilors).
Nephrotoxicity, Proceedings of the 1Vith International Sympo-
sium on Nephrotoxicity, Murcel Dekker, New Yark. 1991,
pp. 349554,

4 P. Tijsen. Pracrice and Theory of Enzime Dnmuhodssayrs,
¢ Labaratory Technigues in Biochemisory and Molecular Biol-
ogy, Vol. 15}, Elsevier, Amsterdan, 1985

5 1. Drenckhahn and R. Dermietzel, J. Cell. Riol., 107 (1988)
10371048,

6 H. A Alicea and M. 8. Maoseker. Cell. Mol Crroskeleron.

9 {1988) 60--72.

E. Coudrier, 12, Kerjaschki and D. Louvard, Kidney fnt., 34

(1988) 309 320.

M. Arpin, E. Pringault, J. Findori, A. Garcia, J. M. Jeltsch,

1. Vanderkerckhove and D. Louvard, J. Celf. Biol, 107

{1988) 17591766,

9 A. Bretscher and K. Weber, Celf, 20 ([980) 839 847,

[0 A. Bretscher and K. Weber. Fxp. Cell. Res., 116 (1978) 379-
407,

Lt H. T Grine, K. Weber, U. Helmchen and M. Osborn, A J.
Pathof., 124 (1986) 294-302.

12 M. F. Rousseau-Merck. D. Simon-Chazolles, M. Arpin, L.
Pringault, D. Louvard, J. L. Guenel and R. Berger, Hum.
Genet., 7% (1988) 130--133.

~1

[==}



	page 1
	page 2
	page 3
	page 4

