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SUMMARY: Alcoholic hyaline, an intracellular, filamentous (10 nm) 
aggregate isolated from human alcoholic livers,bound the glycoprotein 
enzyme, horseradish peroxidase, in a specific and reproducible manner. 
Using a solid-phase assay system consisting of adsorbed alcoholic hyaline, 
we have shown that this binding is thermolabile, relatively insensitive 
to both pH extremes and high ionic strength, and highly sensitive to the 
presence of neutral and amino sugars. The results suggest that the binding 
of horseradish peroxidase is not a passive adsorption but rather an "active" 
phenomenon involving carbohydrate groups on the enzyme. The presence of 
an intracellular, filament-associated lectin is strongly indicated. 

Intermediate filaments (10 nm) are a class of subcellular structures 

with widespread occurrence. IFS have been described in a number of tissues 

including nerve (I), glial (2), smooth muscle (3), and liver (4), as well 

as in several tissue culture systems (5-7). Recent studies have indicated 

that these filaments possess considerable immunological polymorphism which 

is both species and cell specific (8). 

IFS have also been reported in a number of pathological systems (9, 10). 

One such system involves an accumulation of branched 10 nm filaments in 

human alcoholic liver disease (11-13). This material, AH, is thought to 

arise through an antimicrotubular action of ethanol (14) and appears to be 

immunologically related to prekeratin, the major component of IFS present in 

epithelial cells (5, 15). 

Although considerable analytical work has been carried out on IFS, 

little functional information concerning these structures has been obtained. 

Abbreviations: AH, alcoholic hyaline; IF, intermediate filament; HRP, 
horseradish peroxidase. 
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In a general sense, IFS are assumed to perform a variety of cytoskeletal 

functions, including the maintenance of cell shape and elasticity. However, 

to date, specific enzymatic functions have not been assigned to these 

structures. Recently, during an investigation of AH glycoprotein localiza- 

tion, we observed that AH possessed the unique property of binding the 

glycoprotein enzyme, HRP (16). The present report describes some of the 

properties of this binding activity. The results suggest that AH contains 

l&tin-like activity. 

METHODS 

Isolation of AH. AH was isolated from human autopsy livers by the 
method of Tinberg et al. (17). The preparationswere routinely 95-99X pure 

bv both liaht and electron microscoov (16). AH (l-2 ima orotein/ml) was 
, ”  ~ I  _I I 

stored in deionized water at 4oC and used within 12 hours. 
Determination of HRP '2inding. The binding of HRP was quant 

a solid-phase colori;;;eGc assay described previously (16). Pur 
ified using 

ified AH 
(20-40 pg protein) was adsorbed-to the bottom of 13x100 mm Pyrex glass tubes. 
Following formaldehyde-methanol fixation (16), the samples were incubated 
with HRP (0.05 to 0.2 mg/ml, 0.2 ml in 0.01 M sodium phosphate-0 .15 M 
sodium chloride buffer (pH 7.2)) for 30 min at room temperature. Excess 
HRP was removed by buffer washings (3X) and the HRP activity was determined 
using the antipyrine-phenol-H202 reaction system (18). The absorbance at 
530 nm was determined at 30 min. To ascertain whether elution of AH 
material occurred during the HRP incubation, the protein remaining in 
the tubes after treatment was determined (19). 

Affinity Labea of AH. -- HRP (5 mg/ml)'was treated with glutaraldehyde 
(distilled, 2%- phosphate-buffered saline for 60 min at room temperature 
to produce an "activated" derivative of HRP (HRP*). Excess glutaraldehyde 
was removed by gel filtration through Sephadex G-25 using phosphate-buffered 
saline as the eluting buffer. The protein concentration of the HRP* was 
determined and the material used immediately. Binding of HRP* to AH was 
carried out in the standard manner except that formaldehyde was omitted from 
the fixation step. Following incubation, the extent of binding of HRP* was 
determined as described above. In some tubes, the AH-HRP* complex was 
solubilized by the addition of a sodium dodecyl sulfate-mercaptoethanol 
mixture (17). The samples were heated to 100°C and subjected to electro- 
phoresis in the discontinuous Laemmli (20) system containing 10% acrylamide. 

RESULTS 

The Ficoll isolation procedure affords excellent preservation of AH 

filament morphology. The isolated preparation were composed primarily of 

branched filaments, approximately 10 nm in diameter (Fig. 1) 

Effect of Incubation Conditions on HRP Binding. ___- -~_ HRP binding was 

essentially unaffected by incubation at either pH 5 or pH 9 (Table 1) 

941 



Vol. 94, No. 3, 1980 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

rig.1. Electron micrograph of isolated Ail. The filamentous substructure 

of Aliis clearly evident. Ihe section was staillcd with lead citrate and 

uranyl acetate. X31,360. 

suggesting that the binding was not due primarily to simple electrostatic 

adsorption. Furthermore, high ionic strength, which should also interfere 

with electrostatic interactions, only partially prevented HRP binding (36% 

inhibition). Control experiments indicated that these treatments did not 

affect HRP activity directly or induce the elution of HRP material. 

HRP binding was heat labile. Treatment of AH at 80°C for 60 min 

resulted in a marked inhibition of HRP binding (Fig. 2). Inactivation 

occurred when AH was heated in the presence ("wet") or absence of deionized 

water ("dry"). However, wet heat appeared to be more effective than dry 

heat in inactivating the binding activity. Apparently, the presence of 

solvent accelerates or amplifies the thermally induced structural modifica- 

tions leading to inactivation. 

Effect of Carbohydrate on HRP Binding. Since HRP is a glycoprotein ___- -- 

(approximately 18% carbohydrate), experiments were carried out to determine 
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TACLE 1 

Effect of Incubation Conditions on HRP Bindinq 

CONDITION HRP BOUND HRP ACTIVITY 
(X Control) (7 Control) 

PBS 100 100 
PH 5 79 97 
PH 9 93 112 
KC1 (1 M) 64 100 

HRP binding was carried out as described in the 
text except that additional experimental conditions, 
as listed, were used. HRP activity refers to the 
enzyme activity of HRP exposed to these conditions. 
After 30 min of incubation (absence of AH) aliquots 
were taken and assayed for activity. 

whether binding involved the sugar residues on the enzyme. Inclusion of 

increasing amounts of glucose into the incubation medium resulted in a 

corresponding decrease in the amount of HRP bound (Fig. 3). However, once 

bound to AH, HRP could not be readily displaced by added carbohydrate 

(Fig. 3). Apparently, the AH-HRP interaction, once established, is quite 

stable suggesting the possible participation of other non-carbohydrate 

components. Several other neutral hexoses as well as an amino sugar, 

galactosamine, were also effective in competing with HRP for AH binding 

sites (Table 2). It should be noted the inhibitory effect of the sugars 

did not appear to result from simple tonicity since glycerol at the same 

concentration (1-2 M) had little effect on HRP binding. 

Binding of Activated HRP. In an attempt to localize the molecular 

binding site of HRP, AH was treated with activated HRP. In the concentra- 

tions used (0.1-0.5 mg/ml), HRP* bound to AH at levels similar to that noted 

for the unmodified enzyme. Moreover, the derivatized HRP was also sensitive 

to glucose competition. To determine which AH polypeptides bound HRP*, 

the labeled samples were solubilized and electrophoresed. Components bind- 

ing HRP would exhibit increased molecular weight and would be detectable 

on the gels. The results are shown in Fig. 4. Treatment with low levels of 

HRP* resulted in a decreased staining intensity of all major AH polypeptides 
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Fig. 2. lffect of heat on binding of HRP to purified iill. All was isolated 
as described in the text. The solid-phase colorillletri(. assay for HRP 
binding is also described in the text. After adsorption to glass tubes, 
the salllples were heated at t!D"C fot~ 60 min in a water ha th. Deionized 
water (0.2 ml) was added to samples exposed to "wet heat". Control samples 
were treated identically but held at 2O'C. 0, "wet heat" (30°C); 0, 
"dry heat" (8O'C);H , "wtst" control; 0 , "dry" control. 

Fig. 3. Effect of carbohydrate on HRP binding (competition vs. displacement). 
--- 
Bintl~nq of HRP was carried out as described in the text. [n the competition 
experirllents, glucose was added during HRP hinding. Prior to this step, the 
sar!ll>lts were preincirbated for 30 lnin with glucose at the same concentration 
used in the colltpetition phase. Displacement was carried out as follows. 

After binding IIRP, gl?rcose in PBS (0.2 1111) was added to the tubes and an 
additional incubation of 30 min was carried out. Followinq this incubation, 
the tubes were aspirated, washed, and assayed for HRP content. n , 
colmpetition;@, displacement. 

TAELE 2 

Effect of Carbohydrate on HRP Binding 

ADDITIONS HRP BOUND (4 Control) 

PBS 
Glucose 
Mannose 
Galactose 
Fructose 

Galactosamine 
Glycerol 

100 
35 
32 
28 
37 

2 

HRP binding was carried out as described in 
the text except that the carbohydrates were 
included in the incubation medium at a 
concentration of 1 M. 
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Fig. 4. SDS-polyacrylamide gel electrophoresis of affinity-labeled AH. 
Isolated AH was treated with various concentrations of glutaraldehyde- 
activated HRP (HRP*) as described in the text. Following treatment, the 
samples were solubilized and subjected to electrophoresis in a discon- 
tinuous ID: gel system. A. 0.1 mg tl?P/ml; R. 0.2 mg HRP/ml; C. 0.5 mg 
HRP/lnl; D. 0.1 nig HRP*/ml; E. 0.2 :IIC HRP*/ml; F. 0.5 rng HRP*/ml. 

Extensive crossiinking occurred at higher HRP* concentrations resulting in 

the disappearance of all bands. Since little free glutaraldehyde was present 

in the incubation system, the crosslinking must be due to the HRP*. These 

results suggest that the major AH polypeptides are arranged in a compact 

structure within the filament and that the HRP binding site is localized 

within this supramolecular complex. Once bound, HRP*, by virtue of both 

size and multireactive aldehyde groups, is able to covalently stabilize the 

entire complex. 
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DISCUSSION 
Previous studies have demonstrated that AH possesses the interesting 

property of specifically binding the glycoprotein enzyme, HRP (16). The 

present report has presented evidence that this property is thermolabile and 

appears to proceed via a lectin-like mechanism possessing broad specificity. 

However, it is clear that the binding does not simply involve reactivity 

toward polyhydroxyl compounds since glycerol proved to be a relatively poor 

binding inhibitor. At present, it is not known whether other IFS also 

possess lectin activity. However, recent studies in our laboratory indicate 

that the lectin activity is not restricted to AH. A similar filamentous 

hyaline aggregate formed in mice by the action of the antibiotic, griseoful- 

vin (Zl), also specifically binds HRP. Although lectins are most often 

associated with p?ant systems (22), some animal lectins have been described 

(23-25) and when possible, localized on the cell surface. The AH lectin is 

a particularly unique component since it appears to be an intracellular lectin 

The function or significance of the AH lectin is, at present, unknown. 

We suggest, on the basis of indirect evidence, that it lmay be involved to 

some degree in the induction of cellular autoimmunity and therefore in the 

pathogenesis of alcoholic liver disease. It has been demonstrated that 

incubation of purified AH with lymphocytes produced a substance which 

inhibited the migration of polymorphonuclear leucocytes (26). We are 

currently investigating whether the production of this lymphokine involves 

an interaction of AH lectin with lymphocyte surface glycoproteins. 

Acknowledgements: This work was supported by grant no. AM24011 frown 
the National Institute of Arthritis, Metabolic, and Digestive Diseases and 

the Veterans Administration. The authors would like to thank Mr. Ken Harris 

for expert technical assistance. 

REFERlllCES 

1. Yen, S.-H., Dahl, D., Schachner, M. and Shelanski, M.L. (1976) Proc. 
Natl. Acad. Sci. 73, 529-533. 

2. Goldman, J.E., Schaumburg, H.H. and Norton, W.T. (1978) J. Cell. Biol. 
78, 426-440. 

3. Small, J.V. and Sobieszek, A. (1977) J. Cell. Sci. 23, 243-268. 
4. French, S.W. and Davies, P.L. (1975) Gastroenteroloqy 68, 765-774. 

946 



Vol. 94, No. 3, 1980 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

5. 

6: 

7. 

8. 

9. 
10. 

11. 

12. 

13. 
14. 

15. 

16. 

17. 

18. 

19. 

20. 
21. 

22. 

23. 

24. 

25. 

26. 

Franke, W.W., Weber, K., Osborn, M., Schmid, E., and Freudenstein, C. 
(1978) Exp. Cell. Res. 116, 429-455. 

Gordon, W.E. III, Bushnell, A. and But-ridge, K. (1978) Cell 13, 249- 
261. 
Starger, J.M., Brown, W.E., Goldman, A.E., and Goldman, R.D. (1978) J. 
Cell Biol. 78, 93-109. 
Bennet, G.S., Fellini, S.A., Croop, J.M., Otto, !J.J., Bryan, J., and 

Holtzer, H. (1978) Proc. Natl. Acad. Sci. 75, 4364-4368. 
Kuhn, C. III and Kuo, T.T. (1973) Arch. Pathol. 95, 190-194. 

Keely, A. F., Iseri, O.A., and Gottlieb, L.S. (1972) Gastroenterology 
62, 280-293. 
French, S.W., Ihrig, T.J., and Norum, M.L. (1972) Lab. Invest. 26, 
240-244. 
Yokoo, H., Minick, O.T., Batti, F., and Kent, G. (1972) Am. J. Pathol. 
69, 25-40. 
Peterson, P. (1977) Acta Path. Microbial. Stand. Sect. A. 85, 384-394. 

French, S-W., Sim, J.S., Franks, K.E., Burbige, E. J., Denton, T., and 
Caldwell, M.G. (1977) Alcohol and the Liver, pp. 261-286, Plenum 
Press, New York. 
Franke, W.W., Oenk, H., Schmid, E., Osborn, M., and Weber, K. (1979) 
Lab. Invest. 40, 207-220. 

Tinberg, H.M., Geier, E.A., Beirne, J., Burbige, E., and French, S.W. 
(1979) Lab. Invest. 41, 13-21. 
Tinberg, H.M., Regan, R.J., Geier, E.A., Peterson, G.E., and French, 
S.W. (1978) Lab. Invest. 39, 483-490. 
Worthington Enzyme Manual (1977). Worthington Biochemical Corporation, 
Freehold, New Jersey, p. 67. 
Lowry, O.H., Rosebrough, N.J., Farr, A.L., and Randall, R.J. (1951) 
J. Biol. Chem. 193, 265-275. 
Laemmli, U.K. (1970) Nature (London) 227, 680-685. 
Denk, H., Gschnait, F., and Wolff, K. (1975) Lab. Invest. 32, 
773-776. 
Brown, J.C. and Hunt, R.C. (1978) Internat. Rev. Cytology 53, 
277-349. 

Nowak, T.P., Haywood, P.L., and Barondes, S.H. (1976) Biochem. Biophys. 
Res. Commun. 68, 650-657. 
Gartner, T.K. and Podleski, T.R. (1975) Biochem. Biophys. Res. Commun. 
67, 972-978. 
Gartner, T.K., Williams, D.C., and Phillips, D.R. (1977) Biochem. 
Biophys. Res. Commun. 79, 592-599. 
Depew, W.T., Tong, M.J., and Tinberg, H. (1978) Gastroenterology 

75, 960 (abstract). 

947 


