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An apparently novel human plasma and urinary protein of low mole- 
cular weight was isolated from several highly purified preparations of 
protein HC by gel chromatography and high voltage electrophoresis with 
a yield of about 8 mg/g. The protein has a molecular weight of about 
20,000, neutral electrophoretic mobility at pH 6.5 and a high content 
of half-cystine. It is associated with a yellow-brown chromophore like 
protein HC and could be demonstrated in all investigated preparations 
of isolated human, 
bulin. 

rabbit and guinea-pig protein HC and al-microglo- 

Protein HC (and the closely related al-microglobulin) is a re- 

cently described low molecular weight human glycoprotein originally 

isolated from normal urine (1,2). It carries an unidentified yellow- 

brown chromophore, displays a considerable charge heterogeneity de- 

spite a unique invariable amino acid sequence of its single polypep- 

tide chain and is present in human plasma to a large extent as an IgA- 

complex (3-5). Protein HC and al-microglobulin are produced in hepa- 

tocytes (6,7) and possess immunoregulatory properties (8) but their 

normal physiological roles are not finally established. Conflicting 

results have been presented concerning the presence of the two pro- 

teins on the surface of lymphoid cells (g-11), their carbohydrate pro- 

sthetic groups (4,12.13) and their half-cystine content (1.14-16). 

The present work describes the isolation of an apparently novel 

protein in small amounts from highly purified preparations of human 

urinary protein HC. This new protein was found in all investigated pre- 

parations of isolated human, rabbit and guinea-pig protein HC and a,- 

microglobulin and its ubiquitous presence in such protein preparations 

can possibly explain some of the conflicting results. The protein was 

strongly associated with a yellow-brown chromophore like protein HC 

and al-microglobulin and may be a new member of the protein HC-al-micro- 

globulin protein family. 
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MATERIALS AND METHODS 
Human protein HC isolated as earlier described by ion-exchange- and 

gel chromatography followed by immunosorption from the urine of a single 
individual with tubular proteinuria (1) was used as starting material 
for the isolation. Human plasma protein HC was produced by precipitation, 
immunosorption and gel chromatography as earlier reported (5). Isolated 
urinary a,-microglobulin from human, rabbit and guinea-pig was a generous 
gift from Bo Akerstrom, Department of Physiological Chemistry, University 
of Lund, 220 07 Lund 7. Sweden. Sephacryl S-200 Superfine, Sephadex G-25 
and molecular weight calibration proteins were obtained from Pharmacia, 
Uppsala, Sweden, dithiothreitol, iodoacetic acid, guanidinium chloride, 
tris(hydroxymethyl)aminomethane and ninhydrin from Sigma, St. Louis, 
USA 14C-iodoacetic acid from the Radiochemical Centre, Amersham, 
England, and cellulose thin layer plastic sheets and other reagents not 
specified from Merck, Darmstadt, West Germany. 

Amino acid analysis. Hydrolysis was performed at llO°C for 20 h 
with 200 ~1 of 5.1 M HCl containing 0.05 % (v/v) 2-mercaptoethanol in 
evacuated and sealed tubes. The analyses were carried out with a Beckman 
121-MB analyzer. 

Reduction and alkylation. Native protein HC (20 mg/ml) in 2.0 M 

ride was reduced with 3; mM dithiothreitol at 37 C for 100 min. Radio- 
Tris-kC1 buffer, pH 8.6 containing 2 mM EDTA ang 6 M guanidinium chlo- 

alkylation was accomplished by addition of 14C-iodoacetic acid to the 
mixture and incubation at room temperature in the absence of light for 
15 min. Unlabelled iodoacetic acid was then added to a final concentra- 
tion of 80 mM and excess reagents removed by gel chromatography on a 
column of Sephadex G-25. 

Electrophoresis at pH 6.5. Native protein material in 10 % (v/v) 
formic acid was applied (0.2 mg/cm) on cellulose plates (20 x 20 cm). 
Electrophoresis at pH 6.5 (acetic acid-pyridine-water 1:25:225 v/v) was 
run at 20 V/cm for 1 h. Visible yellow-brown cellulose sections con- 
taining proteins were scraped off the plate and the proteins eluted 
three times with 0.4 ml of 10 % (v/v) formic acid. 

Dodecyl sulfate-polyacrylamide gel electrophoresis. The system of 
Laemmli (l/) was used with 15 % (w/v) acrylamide and 0.4 % (w/v) bis- 
acrylamide in the separation gel. 

RESULTS -___ 

Performic acid oxidation of native urinary protein HC followed by 

cellulose thin layer electrophoresis at pH 6.5 revealed the presence 

in the protein preparation of small amounts of two components, in addi- 

tion to protein HC, which seemed to be released by the oxidation (Fig. 1). 

The acidic component has been shown to correspond to a single cysteine 

amino acid bound to a cysteine residue at position 34 in the polypeptide 

chain of protein HC (4,16) while the relation between the second compo- 

nent migrating in the neutral electrophoretic position and protein HC 

never has been investigated. When the native, unoxidized, protein HC pre- 

paration (1 mg) was subjected to electrophoresis at pH 6.5 two colored 

bands could be observed by visual inspection directly after the electro- 

phoresis. One band remained at the point of application and was associa- 

ted with a dark yellow-brown pigment while the other was situated in 

the neutral electrophoretic zone and had a more light yellow-brown 

color (Fig. 1). No further component could be visualized by ninhydrin 
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Fig. 1 Diagram of the electrophoresis at pH 6.5 on cellulose 
plates. (A) Native urinary protein HC, (B) oxidized 
protein HC, and (C) peak b from Fig. 2. 

staining. The material of the application and the neutral section of 

the cellulose thin layer was eluted with 10 % (v/v) formic acid, oxi- 

dized and hydrolised. Amino acid analysis revealed that the material 

at the application was protein HC while that of the neutral position 

had a clearly different amino acid composition with a high content 

of cysteic acid (Table I). 

To isolate higher amounts of the half-cystine-rich component the 

native protein HC preparation was completely reduced, 14 C-carboxy- 

methylated and chromatographed on a column of Sephadex G-25. No radio- 

active peak corresponding to a half-cystine-rich peptide could be ob- 

served between the radioactive peak of the void volume and the radio- 

active peak of the low molecular weight reagents. However, when the 

reaction mixture was chromatographed on a column of Sephacryl S-200 in 

10 % (v/v) formic acid two radioactive peaks (a and b), in addition to 

the radioactive reagent peak, were obtained (Fig. 2). Although peaks 

a and b contained approximately equal amounts of radioactivity peak b 

displayed virtually no absorbance at 280 nm. The elution position of 

peak b corresponded to a molecular weight of about 20,000. The amino 

acid composition of the material of the peaks showed that protein HC 

constituted peak a and the half-cystine-rich component peak b (Table 

I). Electrophoresis at pH 6.5 of the material of peak b demonstrated 

in addition that it migrated in the neutral zone and carried a yellow- 

brown pigment exactly as the half-cystine-rich peptide observed on 

electrophoresis of the native protein HC preparation (Fig. 1). Auto- 

radiography of the electropherogram displayed a strong band in the 

neutral zone. The yield of the reduced and carboxymethylated half- 
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Fig. 2 Fractionation of reduced and l'C-carboxymethylated pro- 
tein HC (10 mg) on Sephacryl S-200. (A) After reduction 
and carboxymethylation, the material was chromatographed 
on a column (2.0 x 200 cm) of Sephacryl S-200. equilibra- 
ted and eluted with 10 % (v/v) formic acid. The elution 
rate was 20 ml/h and 2.0 ml fractions were collected. 
(--) Absorbance at 280 nm; (-) "C-radioactivity. (B) 
Rechromatography of peak b on the same column. 

cystine-rich peptide by this chromatographic procedure was approxi- 

mately 75 1-19 from 10 mg of the native protein HC preparation. 

Dodecyl sulfate-polyacrylamide gel electrophoresis of the reduced 

half-cystine-rich component demonstrated a single band in a position 

corresponding to a molecular weight of 20,000 (Fig. 3). The lyophili- 

zed protein as well as water solutions of it (1 mg/ml) displayed a 

strong yellow-brown color similar to the one of protein HC and al- 

microglobulin. 

When 10 mg of the native protein HC preparation was chromato- 

graphed on a column of Sephacryl S-200 in 0.05 M ammonium bicarbonate 

a single peak (a) with absorbance at 280 nm was obtained (Fig. 4). 

The material of this peak was reduced, 14 C-carboxymethylated and re- 

chromatographed on the same column. A single peak of radioactivity 

was obtained (Fig. 4) and the material of this peak was identified 

as protein HC by amino acid analysis (Table I). Fourteen of the frac- 

tions immediately after those constituting peak a were pooled (Fig. 

4, pool b). The material of this pool b was reduced, 14 C-carboxy- 

methylated and chromatographed on the same column of Sephacryl S-200. 

A single radioactive peak (bl) with virtually no absorbance at 280 nm 
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Neutral Protein 

Microprotein HC 

Markers 

Fig. 3 SDS-polyacrylamide gel electrophoresis of isolated neutral 
microprotein (20 ug) and protein HC (30 pg). 

was obtained (Fig. 4). The material of this peak was identified as 

the half-cystine-rich protein by amino acid analysis (Table I). 

The presence of the half-cystine-rich protein in preparations 

of isolated human plasma protein HC, isolated human, rabbit and gui- 

nea-pig urinary al -microglobulin was investigated by sub,jecting one 

mg of these preparations to electrophoresis at pH 6.5 on cellulose 

thin layer plates. All preparations contained a yellow-brown compo- 

nent in the neutral electrophoretic zone in which the half-cystine- 

rich protein migrated. 

DISCUSSION 

This work describes the isolation of a 20 kDa protein from highly 

purified preparations of human urinary protein HC. The protein is com- 

posed of one polypeptide chain, has a high content of half-cystine re- 

sidues, migrates in the neutral zone on electrophoresis at pH 6.5 and 

is associated with a yellow-brown chromophore. The chromophore(-s) is 

probably linked to the protein by covalent bonds other than disulfide- 

bridges since the protein still is colored after reduction and gel 

chromatography in dissociating media. 

The color of the protein which is similar to that of protein HC 

and a,-microglobulin and its co-isolation with these proteins suggest 

that it belongs to the same protein family as protein HC and al-micro- 

globulin. It is unlikely that the half-cystine-rich protein is a break- 

down product of protein HC or a, -microglobulin since its amino acid 

composition is quite different from those of protein HC and al-micro- 

globulin, e.g. in its high half-cystine and low isoleucine content. 

The structures of isolated tryptic cysteine-containing peptides from 

the protein also differ from those of all conceivable cysteine-con- 
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TUBE NUMBER 

Fig. 4 Chromatography of native protein HC on Sephacryl S-ZOO. 
(A) The material (10 mg) was chromatographed on a column 
(2.0 x 200 cm) of Sephacryl S-200, equilibrated and eluted 
with 0.05 M ammonium bicarbonate. The flow-rate was 20 ml/h 
and 2.0 ml fractions were collected. (B) Fractionation of 
the material from pool b in (A) after reduction and 14C-car- 
boxymethylation on the same Sephacryl column equilibrated 
and eluted with 10 % (v/v) formic acid. (C) Fractionation 
of the material from pool a in (A) after reduction and I'C- 
carboxymethylation on the same column in 10 % (v/v) formic 
acid. (--) Absorbance at 280 nm; (----) l"C-radioactivity. 

taining peptides of protein HC and a,-microglobulin (3,4,12). 

Although the half-cystine-rich protein has been found to be 

present in all investigated preparations of purified protein HC and 

al-microglobulin it is too early to infer that it is functionally 

carried by or associated with these proteins as it could be disso- 

ciated from these proteins by simple gel chromatography in neutral 

non-dissociating buffers provided that a suitable chromatographic 

resin was selected. 

The conflicting results concerning the cysteine-content of va- 

rious preparations of proten HC and a,-microglobulin (1,14-16) and 

the production of these proteins by lymphoid cells (9-11) can pos- 

sibly be explained by the observation that all preparations of pro- 
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tein HC and a,-microglobulin seem to contain the half-cystine-rich 

protein as the content of this protein in different preparations of 

protein HC and a,-microglobulin may vary and antisera against such 

protein preparations may contain a varying proportion of antibodies 

against the half-cystine-rich protein. 

Until the biological function of the half-cystine-rich protein 

described in this work become known, we propose that it be called 

neutral microprotein. 
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