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Abstract

Tamm-—Horsfall (TH) is a large glycoprotein which originates in the kidney and is very abundant in the urine. This protein has been measured
mainly by immunoassays. Here we describe a different approach for its measurement based on high-performance liquid chromatography
(HPLC) using a molecular exclusion column with native fluorescence detection in the ultraviolet range. This method in addition to measuring
the level of the protein has the advantage of detecting changes in size or aggregation. Urine, 1 ml was mixedubioh 30% NaCl and
left at 37°C for 30 min. The urine was centrifuged at 12 000 rpm for 20 s. The precipitate was vortex-mixed and dissolved in a triethanolamine
buffer. A 20l aliquot was injected on a Macrosphere GPC column which was eluted with phosphate buffer and the effluent was detected
by a fluorometer set at 280 nm for excitation and 325 nm for emission. Since the protein has a very large molecular mass compared to other
urinary and serum proteins we did not experience any interference. It elutes as the first pe& (imin on a 500 A and 2.7 min on 1000 A).

The protein precipitates rapidly60 min at 37C. The detection in the UV is sensitive for this protein down to 1 mg/l in absence of any
concentration steps. The method was linear between 1 and 100 mg/l. The R.S.D. was 10.4% (mead®Q2 The mean level in 42 normal
individuals was 31 mg/g creatinine and in 30 patients with proteinuria (different renal disorders) was 23 mg/g creatinine.

© 2003 Elsevier B.V. All rights reserved.
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1. Introduction residues. Four separate homologous domains of TH exhibit
similarity to that of the epidermal growth factor. It contains
Tamm-Horsfall (TH) is an abundant urinary glycopro- about 30% carbohydrat§3,4] which are essential for its in-
tein originating in the thick ascending limb of the loop of hibition of viral hemagglutination and also important for its
Henle cells of the kidney. It is a glycosylphosphatidylinosi- binding of certain cytokines (IL-1, IL-2, TNHL]. It tends
tol (GPI)-anchored protein and it is the most abundant pro- to gel especially in the presence of calcium, sodium ions,
tein in normal urine. Originally it was described by Morner albumin and radiocontrast media. The zona pellucida (ZP)
early in 1895 (sefl]) as mucoprotein and later isolated and domain present in this protein is responsible for its polymer-
characterized by Tamm and Horsf@] in 1950 after precip-  ization[5].
itation with 0.58 M NacCl. Independently, uromodulin (UM) Since the work of Tamm and Horsfall several investiga-
was isolated in 1985 from the urine of pregnant women and tors attempted to define its function. Its gel property is im-
was found to have the same amino structure of TH; however, portant for water permeability of the epithelial cells of the
the carbohydrate content especially the mannose chains andhick ascending limb of Henlgs]. It is also thought to act
the antigenity is slightly different. as an adhesion molecule and to be involved in stone for-
The monomeric form of this protein (under reducing con- mation where it is present in the core of the stones. It may
ditions) has a molecular mass of ca. 80 000—930000; how-be involved in defense against infection since it binds to
ever, it is usually present in very large aggregates/pf- uropathogens such & coli and viruseq2,7]. It binds a
5 x 1CP. It has 639 amino acids and about 48 cysteine number of proteins, including those on surfaces of bacteria
and virused7]. It inactivates enzymes of those organisms,
mspondmg author. Tels 1-336-716-2639: possibly by re'acti.ng'with ionic cofactors, ;uch as divalent
fax: +1-336-716-9944. metals[8]. lonic binding of monovalent cations (e.g. Na
E-mail addresszshihabi@wfubmc.edu (Z.K. Shihabi). and repulsion of anions, such as Ckuggest a role for it
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in renal salt and water balance. It is thought also that it reg- 7 mmol/l, pH 5.7 at flow rate of 0.7 ml/min and the effluent

ulates or modulates the circulating level of some cytokines was detected with a model RF-10AXL Fluorometer (Shi-

too. madzu Instruments, Colombia, MD, USA) set at 280 nm

Based on DNA analysis recently we found, that mutations for excitation and 325 nm for emission.

in the uromodulin gene involving cysteine substitutions oc-

cur in medullary cystic kidney disease and familial juvenile 2.4. Dialysis

hyperuricaemic nephropathy disorders which are character-

ized by juvenile onset of hyperuricaemia, gout, and progres- FOr comparison to the quantification method by precipita-

sive renal failureg[9]. These mutations probably lead to an tion, 200ul of urine was placed in dialysis membrane (8000

alteration in the tertiary structure of this protein. Both dis- Molecular weight) and dialyzed against the triethanolamine

orders are associated with interstitial pathological changesbuffer for 4h. Samples were stirred and mixed well before

resulting in fibrosis. In other words, TH protein is vital for ~injection of a 2Qul aliquot on the column.

the normal function of the kidney.

This protein has been measured mainly by different im- 2.5. Standard

munoassays (enzyme-linked immunosorbent assay, ELISA)

methodg10-13] These methods require special equipment TH protein was precipitated from pooled urine as in

and the use of anti-sera which is not easily available. Here Section 2.2 dissolved in water, re-precipitated and finally

we describe a different approach for TH protein measure- dialyzed against the triethanolamine buffer. The isolated

ment based on HPLC using a molecular exclusion column TM was dried on filter paper and standards were prepared

with native fluorescence detection operating in the ultravio- from that.

let range. This method has the advantages of detection size

or aggregation changes of this molecule. The ELISA detects

certain epitope sites on the molecule while the described 3. Results and discussion

HPLC detect molecular mass. Thus, the two methods can

be considered complementary for the study of TH protein  Tamm-Horsfall protein unfortunately is not that water sol-

especially for the altered or the pathologic protein. uble[14,15]especially after precipitation or when present in
a concentrated solution. It is not detected easily by agarose
gel electrophoresis because of the solubility problem. The

2. Materials and methods use of native fluorescence detection in this study offers the
needed high sensitivity to avoid the problem of solubility

2.1. Quantification procedure associated with concentrated solutions or the extra steps
needed for protein staining. The molecular exclusion col-
For quantification, 1 ml urine was mixed with 100 of umn of 500 A is suitable for studying proteins of molecular

30% NaCl and left at 37C for 30 min to precipitate. The ~ mass of 20000—3 x 10°. When isolated fresh, TH elutes
urine was centrifuged at 12 060 for 20s. The supernatant ~ rapidly in this column as the first peak, 2.3 min reflect-
was discarded thoroughly. The precipitate was washed gen-ing its high molecular sizgl6] (Fig. 1, top). Using another
tly with 1000l of 296 NaCl without disturbing itand finally ~ column of 1000 A which is suited for molecular mass of
was dissolved (vortex-mixed for 20s) in 1 ml of a buffer 30000—25x 10° the peak elutes as the first peak also at
of triethanolamine 15mmol/l, pH 7.5 containing EDTA, ~2.7 min. This indicates indirectly that the molecular mass
4 mmol/l. A 20ul aliquot of the solution was injected on the  of the TH aggregates is 7000 —2a.0° The 1000 A column

column. gave sharper and taller peaks (better sensitivity). In other
words both columns can be used for the analysis.
2.2. Protein aggregation studies Urine can be injected directly except for the presence of

the many native fluorescent compounds which overwhelm

For study of the aggregations of TH protein a through the detector and the numerous polar compounds which ad-

wash of the precipitate is important to remove the small here to the packing material and over time can ruin the ex-

molecular mass interferences. Sodium chloride, 3 g was dis-Pensive column. However, dialysis can decrease this prob-

solved in 100 ml of urine, left in at 4C for 4h and the pre-  lem especially the interferences from the small molecules
cipitate was washed thoroughly three times with 1 ml of 205 but not the large ones~{g. 1, middle). The dialysis has

saline and finally dialyzed for 4 h against water &C4[2]. the advantage of avoiding the precipitation and dissolution
steps; in other words it avoids the possibility of denatura-
2.3. HPLC tion from precipitation Fig. 1, bottom), but it is not quite
suitable for routine use.
Two columns, Macrosphere GPC 500 and 100Q,1¥, TH is a very large protein present in large aggregates of

250mm x 46mm id. (Alltech Associates, Deerfield, M, > 5x 10° [16]. It is the largest protein in urine com-
IL, USA) were tried. Both eluted with phosphate buffer, pared to other urinary or serum proteins. It is almost 100
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Fig. 1. Analysis of: (top) a standard (100 mg/l), (middle) a patient by
precipitation and (bottom) the same patient by dialysigXis, time in
minutes).

times larger than the gamma globulins which occasionally
present in urine. Because of this high molecular mass we
did not experience any interference on this type of columns,
the 500 and 1000 A. Furthermore, the reference values ob-
tained by this methodT@able J) are similar to those by other
methods as will be described later. Addition of serum to
urine samples did not affect the quantification of TH pro-
tein. Thus, the protein can be precipitated for quantification
once without a need for extra cleanup steps. An extra wash
step removed some of the low-molecular-mass interferences
yielding cleaner chromatograms but without improving the
guantification results. Protein precipitation from pregnant
women gave one peak at the same void volume of TH.

Table 1
Tamm-Horsfall protein level in different groups
Group Mean

n Cr (mg/g) S.D.
Normal 42 31.6 29.6
Proteinuria 30 23.6 23.9
Pregnancy 9 49.5 29.6
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TH protein can undergo changes in size or aggregation.
The aggregates are possibly important in pathological states.
As shown recently, this protein is rich in cysteine which can
undergo mutatiori9]. These mutations can alter the aggre-
gation because of the tendency of the SH group for binding
or oxidation. Two types of changes in the aggregates are ob-
served using this column for TH, (S1) and (S2). The S2 ag-
gregates are smaller in size than §iy. 2 Standards, over
time, tend to break or to desegregate slowly to form frag-
ments (S1) eluting after the main peak-&.8 min Fig. 2).

The change in size increases with tinfég. 3 and is ac-
celerated at higher temperatures. Since cysteine residues are
important for the function of this protein we studied the ef-
fect of added cysteine and related compounds on the ag-
gregates. In presence of 0.2% of cysteiNegcetylcysteine,
glutathione or Cleland’s reagent different amounts of small
aggregates (S2) appear-a8.9 min Fig. 2 bottom) which

Fig. 2. Detection of TH protein smaller size aggregates S1 and-8%ig,
time in minutes).
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Fig. 3. Break down of the standard with storage: (top) fresh, (middle) 10
days and (bottom) 30 days later at@ (x-axis, time in minutes).

increase with time. Cystine was much slower in producing
this aggregate. Sodium chloride and Ca@#crease the sol-
ubility of TH but also cause the formation of S2. Further-

Z.K. Shihabi et al./J. Chromatogr. A 1027 (2004) 161-166

large aggregates seems to increase with increases in the salt
concentration. This conversion is partially reversible and in
agreement with the work of Kobayashi and Fukugkd]

who found that with increase in sodium ion concentration
especially over 100 mmol/l TH decreases in solubility. The
importance of this aggregation in the different mutation of
this protein is under investigation.

TH protein traditionally has been precipitated by bringing
the NaCl concentration to 0.58 moJd]. The optimum con-
centration of NaCl for protein quantification by this method
as illustrated inFig. 4 is between 20 and 40 g/l very close
to what has been usdd]. Interestingly small but variable
amounts of TH protein precipitated without the need for ad-
dition of salt. This is mainly because urine contains variable
amounts of sodium ions depending on the diet. This points
out to the importance of analysis of fresh urine without long
term storage. The protein starts to precipitate rapidly in a
few minutes after addition of the saFi. 5. Unexpectedly,
it precipitated much better at 3€ when compared to4C
(Fig. 6). Since precipitation can cause a loss in the recovery
of this protein, or loss through denaturation we compared
this method to simple dialysis. The correlation between the
two procedures is good (dialysis 0.85 x precipitation+
1.29,r = 0.99,n = 19). The precipitation was much faster,
gave cleaner chromatograms and was more suited for rou-
tine work than that by dialysis. In the dialysis method, oc-
casionally the TH protein precipitated on the membranes.
Other proteins tended to clog the pores. The addition of ex-
tra water was necessary in order to dissolve these proteins.

The detection of TH by the native fluorescence is very
convenient and sensitive for this protein down to 1 mg/l in
absence of any concentration or staining steps. Itis also easy
to dissolve the sample in less volume in order to increase
the sensitivity. However, we did not find any clinical need

more, as the salt increases from 0 to 3%, the solubility of for that. The method was linear between 1 and 100 mg/I
the large aggregate decreases too; thus the ratio of small tonvith the minimum detection level (8 baseline noise of

1.8
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Fig. 4. Optimum concentration of NaCl (final concentration) for Tamm-Horsfall protein precipitation.
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Fig. 5. Precipitation of Tamm—Horsfall protein after addition of the s 34 g/l alt &iC3at different time periods.

40

Peak Height, mm
N
(=]

0 T T T
0 10 20 30 40

Temp, C

Fig. 6. Precipitation of Tamm-Horsfall protein after addition of the salt 34 g/l at different temperatures (4 h incubation).

0.9mg/l). The R.S.D. was 10.4% (mean @2= 10). Be- sensitive enough for clinical use and offers information com-
cause the concentration as mg/l of different compounds in plementary to that obtained by the immunoassays. In addi-
urine is quite dependant on the urine flow and the degree oftion to measuring the level of TH protein it is suitable for
hydration, expressing the compounds as a ratio to creatininestudying the factors, which affect its molecular size or ag-
is a common method in routine urinary clinical analysis to gregation.

overcome these variabl§k7]. Based on this fact, the mean

level in 42 normal individuals was 31 mg/g creatinine, in

30 patients with proteinuria (different renal disorders) the References
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