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ABSTRACT. Because actin can form a compliexvitro containing both gelsolin and DNase I, gelsolin and
DNase | have been assumed to bind independently to actin. Although this assumption is consistent with
the known crystalline structures of gelsolin with one actin and of actin with DNase I, which suggest that
the binding sites on actin for both gelsolin and DNase | are distinct and separate, we propose that a
second actin binding site on gelsolin competes with DNase | for actin. Since actin is an inhibitor of
DNase |, competition at the second binding site results in activation of DNase | by gelsolin. Covalent
cross-linking experiments confirm that DNase | prevents dimerization of actin by gelsolin, consistent
with displacement of one actin from gelsolin by DNase I. Activation of DNase | by gelsolin is a novel
function for a cytoskeletal protein and could have broad implications for biology, such as a role in initiating
apoptosis. These results also may explain why both gelsolin and DNase | decrease sputum viscosity in
cystic fibrosis (CF). While the activity of DNase | had originally been attributed to fragmentation of
DNA, subsequent data suggested that both gelsolin and DNase | may affect viscosity by depolymerizing
filamentous actin. The current results alternatively suggest that dissociation of thelaitise | complex

by gelsolin in CF sputum results in activation of the nuclease activity of constitutive DNase |. The nuclease
activity of DNase | alone is therefore sufficient to explain the effects of both gelsolin and DNase | on CF
sputum.

The actin-filament severing protein gelsolin has repeatedly results in dissociation of the DNasedctin complex. Since
been identified as a tumor suppressa}. ( Curiously, a DNase | is specifically inhibited by actir8)Y, DNase | is
mutant gelsolin that suppresses the tumorigenicity of c-Ha- thereby activated. Our model is consistent with the isolation
ras oncogene-transformed NIH/3T3 cells has less severing of gelsolin as a ternary complex with actin and DNasé, | (
activity than wild-type gelsolin, strongly suggesting that some 5), which has been previously interpreted to suggest that the
activity other than actin-filament severing that accounts for interaction is noncompetitive6). If, as we propose,
tumor suppressior?]. These results have provoked a search competition occurs only at one of the two actin binding sites
for alternativein »ivo functions for gelsolin. Here we present on gelsolin 7, 8), then a ternary complex could result from
data suggesting that one such potential function is the DNase | that binds to the actin bound at the other site on
activation of DNase I. A model is described in which gelsolin.
competition at one of the two actin binding sites on gelsolin  Our results have surprising implications for the biochem-
istry of CF sputum. Aerosolized DNase | is used to reduce

IThis resealllrch was cogductetd ghiler%Rh?. %Nﬁdei’f:ﬁer Sﬁlf\wlolra\rlt sputum viscosity in CF9, 10). The knowledge that DNase
o e e o henenee (2 Deparent o Medeine, o'l | has high affinty for monomeric actin and can depolymerize
phone: (352) 392-4058. Telefax: (352) 392-6481. E-mail: bubb@ fll@mentous actin led to speculation that filamentous actin
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contributes to sputum viscosity and that some or all of the A
clinical effects of DNase | could be explained by its actin-
depolymerizing activity§). Supporting this idea, the actin-

filament severing protein gelsolin was also found to decrease 21,227~
CF sputum viscosity. However, contradicting this explana-

tion, there was no correlation between the concentration of 5,148-
actin in sputum and the viscosity of CF sputu@). (More
importantly, mutated DNase | with nuclease activity, but no
actin binding activity, had greater ability than wild-type
DNase | to decrease sputum viscosityt), No satisfactory
explanation for these conflicting observations has been
previously provided. However, if gelsolin competes with 307-
DNase | for actin, gelsolin would augment _the ability of 123456728 911 12
DNase | to decrease CF sputum viscosity completely
independent of gelsolin’s effects on actin filament length. B
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In Vitro Measurement of DNase | Aciy. The concen-
tration of recombinant human plasma gelsolit?)( was
determined by amino acid analysis. Beef pancreatic DNase
I (molecular biology grade from Worthington Enzymes) was
incubated with rabbit skeletal muscle actin and/or gelsolin
for 8 min at room temperature before adding 16§mL
DNA (for 0.7% agarose gels) or 22g/mL DNA with 0.0 ) ) ) ) 0
ethidium bromide in a molar ratio of 1:34, ethidium bromide ) 7 14 21 28 35
to base pairs (for fluorescence assay). The reaction mixture Gelsolin (nM)
was in a buffer containing 21 mM NacCl, 0.1 mM CagCl Ficure 1: Activation of DNase +actin complexin witro by

: gelsolin. (A) Agarose gel of bovine double-stranded DNA stained
2.0 MM MgCp, 0.1 mM ATP, 0.1 mM DTT, 0.1% sodium i athidium bromide (lane 1). DNA treated with 30 nM DNase

azide, and 5'mM Tris, pH 7.9. The. rate of change i_n | and actin (0, 7, 13, 18, 23, and 28 nM respectively) (laneg)2
fluorescence intensity was measured in a photon-countingor with 30 nM DNase |, 28 nM actin and gelsolin (5, 10, 19, 38,

fluorimeter with excitation, 519 nm, and emission, 587 nm. and 76 nM, respectively) (lanes-82). Saturating amounts of
A standard curve with fixed DNase | and variable actin 9€!solin are equivalent to 318 nM actin (compare lane 4 with
- . . . lanes 11 and 12). Molecular size is indicated on the left in base

concentration showed a linear relat|on$h|p betweldtcand pairs. (B) Rate of change in fluorescence of ethidium bromide-
free DNase | when th&, between actin and DNase | was  |abeled DNA (dF/dt) in the presence of 12.5 nM DNase 1, 12.5
assumed to be % 10'°M~1, consistent with previous results nM actin, and variable amounts of gelsolin (circles). The error
(13). For DNase | and no actin,Fddt was 21.0 arbitrary bars represent2o. On the right axis, the fraction of total DNase
units/s. The theoretical curve was calculated by arbitrary | that is active is plotted as a function of gelsolin concentration

- NN ) - L (triangles). The solid line is the theoretical fraction of activated
variation of equilibrium constants using Chemical Kinetics pnase | assuming the model and equilibrium constants described
Simulator software (IBM Almaden Research Ctr.). in the text.

Covalent Cross-Linking.Prior to cross-linking, actin and

all other protein components were extensively dialyzed gently agitated for 16 min at room temperature prior to
against 0.1 mM ATP and 2.5 mM imidazole, pH 7.4. Actin, quenching with 2.5 mM EDTA. Samples were either run
gelsolin, and DNase | were mixed as indicated and, after on an agarose gel or DNA from the sample was extracted
the addition of 2 mM MgGJ, were cross-linked with an equal with phenol/chloroform/isoamyl alcohol, treated with calf
volume of PBM diluted in 20 mM sodium borate. The intestinal phosphatase, and labeled at tren8ls using ATk-
molar concentration of PBM equaled one-half that of actin. *P and bacteriophage T4 polynucleotide kinak®).( After
After 10 min at room temperature, the reaction was quenched.two cycles of ethanol precipitation, the number of labeled
The efficiency of cross-linking has been previously suggested ends were quantified with a liquid scintillation counter.
to be low, so that while the amount of cross-linked dimer
seen on electrophoretic gels is proportional to the amount RESULTS

of dimer present in solution, the absolute amount of cross-  Effect of Gelsolin on DNase | Actty as Assessed by
linked dimer relative to monomer observed on the gels is E|ectroph0retic and Fluorescence Techniqu&\]ase | was
not a meaningful quantitylé). added to samples of bovine double-stranded DNA in the
DNase | Actiity in CF Sputum. Sputum obtained froma  presence of actin and/or gelsolin, and the samples were
patient with CF, at routine follow-up and not receiving electrophoresed on an agarose gel. The gel was stained with
aerosolized DNase |, was collected on ice in a 1:1 volume ethidium bromide, thus showing the relative size of the
of 10 mM CaC}, 0.5 mM PMSF, and 50 mM Imidazole, remaining fragments of DNA (Figure 1A). DNase | was
pH 6.9. After adding 0.3 mM diisopropy! fluorophosphate, inhibited when bound to actin as previously report&) (
the sample was divided with a razor blade into equal aliquots and this inhibition was partially reversed when gelsolin was
of 100+ 10uL. Zymograms were performed as previously added to the reaction mixture. At the highest concentrations
described15). Alternatively, gelsolin or DNase | was added of gelsolin used, actin inhibition of DNase | activity was
as indicated along with 5 mM Mggl The samples were  reduced by about 50%. Four repetitions of this experiment
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gave similar qualitative results. The nuclease activity of DNase |

- - - + +
DNase | was quantitatively evaluated by measuring the rate Gelsolin - + + +
of change in fluorescence of ethidium bromide bound to .
DNA. Fragmentation of DNA by DNase | releases ethidium Actin  + - + + 4
bromide, with a severalfold decrease in fluorescence inten- 86 - —_—
sity. The rate of decrease in fluorescence intensity has been
previously shown to be proportional to the concentration of
DNase | (7). In a series of experiments in which DNase |
and actin concentrations were held constant, addition of 42 - - — g g
gelsolin increased the rate of change in fluorescence,
consistent with activation of DNase | (Figure 1B). Human 12 3 4 5

recombinant DNase | (Genentech) gave identical results (dataFiGure 2: Immunoblot of cross-linked actin dimers: stimulation
not shown). In higher concentrations of NaCl (150 mM), by gelsolin and inhibition by DNase I. Cross-linked actin (3

- . subunit concentration) yields a dimeric species with apparent
DNase | activity was decreased, but the effect of gelsolin molecular mass of 86 kDa, versus 42 kDa for the actin monomer

was qualitatively similar (data not shown). The actin (jane 1). Gelsolin (1.5M) treated with PBM in the absence of
concentration was well below the critical concentration for actin and DNase | doesn'’t react with the anti-actin antibody (lane
actin polymerization in all experiments in Figure 1, ensuring 2), but gelsolin plus actin, at the same concentrations as in the
that none of the differences in inhibition could be explained Previous lanes, significantly enhances the generation of cross-linked
by differences in amounts of unpolvmerized. or G-actin. actin dimer under identical reaction conditions (lane 3). Adding
y A - .p y ! . DNase | (3.0 or 14«M) to gelsolin and actin results in a lower
The data n F|gure 1B f|tS a Slmp|e model Of Competltlve y|e|d of actin dimer (|anes 4 and 5‘ respective|y)_
binding of gelsolin and DNase | to actin. If gelsolin binds
two actin molecules sequentially and cooperatively and Covalent Cross-linking Suggests That DNase | Disrupts
DNase | binds actin to competition with gelsolin at the Actin—Actin Interactions in the Complex of Two Actin
second site, but not the first, then with equimolar DNase | Subunits and Gelsolin.The only structural information
and actin, at most 50% of DNase | could be activated by regarding the second gelsolin site that binds to actin comes
optimal concentrations of gelsolin, with the actual maximal from covalent cross-linking experiments using PBM, in
percentage dependent on the equilibrium association con-which gelsolin has been shown to stimulate the formation
stants. This is consistent with the data in Figure 1B, right of a cross-linked actin dimeR6). Other evidence suggests
axis. Thus, in the plateau region of the curves shown in this dimer is formed by cross-linking two adjacent subunits
Figure 1B, the model predicts that most of the actin and in an antiparallel arrangement very close to their C-termini
nearly 50% of the DNase | is arranged in a complex of one at cysteine-37414). Because gelsolin has nearly identical
gelsolin, two actin, and one DNase | molecules. Very high electrophoretic mobility to the actin dimer, the cross-linked
concentrations of gelsolin would be expected to provide an actin dimer must be detected by immunoblot with an anti-
excess of noncompetitive binding sites and the activity of actin antibody. We confirm that the complex of two actin
DNase | should drop off, depending on the extent of and gelsolin is cross-linked by PBM only between the two
cooperativity of the interaction between gelsolin and actin. actin subunits, resulting in a covalent dimer of apparent
This drop off at high concentrations of gelsolin is seen to a molecular mass of 86 kDa on SDS-Laemlli gels, but find
modest degree in Figure 1B. The theoretical curve in Figure that if DNase | is included in the reaction mixture, the amount

1B is derived assuming this model withKa of 1 x 10 of cross-linked actin dimer decreases (Figure 2). Because
M~ for gelsolin and one actirlg, 19) and 800 times higher  the interaction between gelsolin and actin is cooperative,
affinity at the second binding sit&,(19, 20), and DNase | relatively large amounts of DNase | are required to disrupt

binds actin withK, of 1 x 101°M~1 (13). These equilibrium actin—actin interactions in the complex of gelsolin with two
constants are within the range of previous reports. The actin. In a control experiment not shown, large excesses of
model is consistent with the known crystalline structure of DNase | did not affect the extent of cross-linking of
the N-terminus of gelsolin bound to a single acti)( in filamentous actin by PBM, confirming that the loss of cross-
which there is no reason to expect that DNase | would linking in Figure 2 is not simply related to depletion of PBM
compete at this binding site based on the crystalline structureby DNase I. Gelsolin treated with PBM in the absence of
of DNase Factin 22). The model is also consistent with  actin and DNase | was employed as a control to verify that
information suggesting that the two actin binding sites on the antibody did not react with a maleimide derivative of
gelsolin are structurally dissimila8, 24). gelsolin (Figure 2, lane 2).

While the kinetics of interaction between gelsolinandtwo  DNase | could prevent cross-linking by preventing actin
actin subunits may be biphasic, with a slow, calcium binding from binding to both sites on gelsolin, which is clearly not
step in which calcium is intercalated between actin and the case, since a ternary complex of gelsolin, actin, and
gelsolin (7, 25), we note that the results of the fluorescence DNase | is formed on DNase I-affinity matrixt; DNase
experiments were independent of the time of incubation of | could prevent cross-linking by steric interference with the
actin with gelsolin and independent of the order of addition cross-link site, but this is unlikely since DNase | binds to
of DNase | and gelsolin. The ability of gelsolin to bind an the opposite face of the molecule as that containing cysteine-
additional divalent cation upon binding to actin could 374 22). Alternatively, DNase | could interfere with the
possibly affect DNase | activity. However, the effect would formation of a dimeric complex of actin by distorting
be expected to be inhibitory, rather than stimulatory. Also, potential actir-actin interactions to the extent that cross-
the fluorescence experiments gave identical results in 1 mM linking is impossible. Competition at a single gelsolin actin
CaCl and 0.1 mM CaGl(data not shown), making this an  binding site would be an example consistent with this final
improbable explanation for the observed effect of gelsolin. interpretation.
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Activation of DNase | in CF SputumWhile no nuclease A
activity was present in untreated sputum, the zymogram
technique detected actin-inhibitable DNase | activity in SDS- Dnase |
treated sputum from patients with CF. Zymograms (SDS- \
Laemmli-PAGE gels that contained DNA in the separating Gelsolin
gel, incubated at room temperature overnight after rinsing
to remove SDS, and stained with ethidium bromide) show
nuclease activity only when incubated in the absence of actin 21.227-
(data not shown), consistent with the definition of DNase | ’
(27). The technique is effective because actin, but not DNase 5.148-
I, is irreversibly denatured after SDS treatmet®)( These ’
results are as expected since actin is present in excess to
DNase | in CF sputum6. 1,375-
When gelsolin was added to samples of CF sputum, the 307-
results were qualitatively similar to those seen in Figure 1A.
Without added gelsolin, DNA molecules remained at the top
of an agarose gel, consistent with a very large average size.
With progressively more gelsolin, the DNA size shifted
consistent with severing by DNase |. Typical results to those

obtained with five different sputum samples are shown in B
Figure 3A. Once, in addition to the shift of DNA away from 12
the top of the gel, we observed arR00 base pair ladder E
pattern suggestive of internucleosomal fragmentation of DNA g10r T
as seen in apoptotic cell deatB8]. Given the intrinsic 2 @7 %
heterogeneity of the collected samples, we speculate that this = 8r
one sample may simply reflect better preservation of DNA -?; %
chromatin structure at the time of sputum collection. g 6
There are alternative explanations for the results in Figure g
3A. A scaffold of F-actin and DNA could hinder migration £ 4
in an agarose gel in the absence of the actin-severing activity §
of gelsolin. Treatment of CF sputum with sodium dodecyl Toer
sulfate, however, did not alter the electrophoretic mobility %
of DNA (data not shown). Further evidence of DNase | 0
activity was provided by purifying DNA from gelsolin- DNasel - - - +
treated sputum and labeling theehds that result from either Gelsolin - + -
smgle-_stranded or double-str_ande_d cuts by DNase | with Ficure 3: Gelsolin activates DNase | in CF sputum. (A) Sputum
bacteriophage T4 polynucleotide kinase &fil Incorpora- samples after incubation with gelsolin and/or DNase | were run on

tion of radiolabeled phosphate was enhanced when samplen agarose gel as in Figure 1A. Samples in lane3 have 0, 15,
were treated with either gelsolin or DNase |, consistent with or 80 nM gelsolin, respectively, and in lane 4, 15 nM DNase |. (B)

i ine DNA was purified from samples prepared as in panel A and then
nggﬁ:gpgs)ed similar molecular effects of the two proteins labeled at the "sends with ATR-32P. The four bars in the diagram

correspond to the samples in panel A, laned lrespectively (error
DISCUSSION bars represento).

In retrospect, the results reported here might have beenviscosity when added by itself to sputu).( Gc-globulin
anticipated from the facts that DNase | causes a rapid forms a ternary, noncompetitive complex with DNase | and
depolymerization of filamentous actin from the pointed end actin and therefore would not be expected to dissociate the
(29), and the complex of gelsolin and two actins promotes DNase Factin complex 81). Finally, our results could be
actin filament polymerization at a rate consistent with of clinical significance. Vasconcellos et ab)(noted that
pointed-end growth30). As the gelsolir-actin complex gelsolin was more effective than DNase | in decreasing
presumably resembles the pointed end of an actin filament, sputum viscosity. Free DNase | is a labile molecug)(
it is not surprising that DNase | can cause dissociation of anand it is likely stabilized, although inactive, when in a
actin monomer from the gelsoliftwo actin complex, i.e.,  complex with actin 8). Since DNase | must diffuse into
DNase | and at least one gelsolin site must bind actin sputum (a very slow process) without degradation in order
competitively. As at the pointed end of the actin filament, to be therapeutic, it may be more beneficial to use gelsolin
the unavailable DNase | binding site on actin could be at to activate DNase-tactin complex (either constitutive or
the gelsolin-actin interface, the actinactin interface, or  supplied exogenously) than to directly add active, free DNase
sterically blocked by the other, bound DNase | molecule. |.

Our results explain why the effects of gelsolin and DNase  This is the first report of competition between DNase |
I on CF sputum viscosity are additivé)( If binding of and any other protein for actin. Activation of DNase | by
DNase | to actin was not hindered by gelsolin, then gelsolin  gelsolin may be importanh vivo. Given the cytoplasmic
actin complexes would inhibit the nuclease activity of DNase localization of DNase | 33), under appropriate circum-

I, just as does actin alone. Our results also explain why gc- stances, DNase | may interact directly with cytoplasmic
globulin, an actin-monomer binding protein, did not lower gelsolin; alternatively, the previously unexplainable nuclear
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localization of gelsolin-related protein34) may be respon-
sible forin vivo activation of DNase |. Other data support
this hypothesis. For example, DNase | is inactive iniran
vivo assay for apoptosis unless preincubated with serum or 16.

cell

of DNase | under these circumstances. Although an abun-

extracts 83). Gelsolin may be responsible for activation

14.

Biochemistry, Vol. 36, No. 32, 1998641

Millonig, R., Salvo, H., and Aebi, U. (1988) Cell Biol. 106,
785-796.

15. Lacks, S. A. (1981). Biol. Chem 256, 2644—2648.

Weiss, B., Live, T. R., and Richardson, C. C. (1968Biol.
Chem 106, 4530-4542.

17. Laub, F., Kaplan, M., and Gitler, C. (199EEBS Lett 124,

7

dance of theories have been posulated regarding the mech- g

anism of activation of DNase | in apoptosis, including the

cleavage of actin by interleukingiconverting enzyme3p),

an increase in the concentration of free gelsolin is an

19.

appealing alternative because it effectively links the observed 20.

cell-shape changes of apoptosis (via actin-filament severing)

to DNase | activation. Additionally, speculation that gelsolin

could lower the threshold for apoptosis is consistent with
the abundant evidence that gelsolin functions as a tumor

suppressorl(, 36).

REFERENCES

1.

2.

o o b

10.

11.

12.

13.

Asch, H. L., Head, K., Dong, Y., Natoli, F., Winston, J. S.,
Connolly, J. L., and Asch, B. B. (199&ancer Res56, 4841~
4845,

Fuhita, H., Laham, L. E., Janmey, P. A., Kwiatkowski, D. J.,
Stossel, T. P., Banno, Y., Nozawa, Y., and Kuzumaki, N.
(1995) Eur. J. Biochem 229, 615-620.

. Lazarides, E., and Lindberg, U. (197)oc. Natl. Acad Sci

U.SA. 71, 4742-4746.

. Markey, F., Persson, T., and Lindberg, U. (19&9)chim

Biophys Acta 709 122-133.

.Lind, S. E., Yin, H. L., and Stossel, T. P. (1982Llin. Invest

69, 1384-1387.

. Vasconcellos, C. A, Allen, P. G., Wohl, M. A., Drazen, J.

M., Jamney, P. A., and Stossel, T. P. (1984)ence 26969
971.

. Bryan, J., and Kurth, M. C. (1984) Biol. Chem 259 7480-

7487.

. Coue, M., and Korn, E. D. (1989) Biol. Chem 260, 15033~

15041.

C. L. (1990)Proc. Natl. Acad Sci U.SA. 87, 9188-9192.
Hubbard, R. C., McElvaney, N. G., Birrer, P., Shak, S.,
Robinson, W. W., Jolley, C., Wu, M., Chernick, M. S., and
Crystal, R. G. (1992N. Engl. J. Med 326, 812-815.

Ulmer, J. S., Herzka, A., Toy, K. J., Baker, D. L., Dodge, A.
H., Sinicropi, D., Shak, S., and Lazarus, R. (19P&)c. Natl.
Acad Sci U.SA. 93, 8225-8229.

Way, M., Gooch, J., Pope, B., and Weeds, A. G. (19B9)
Cell Biol. 109 593-604.

Combeau, C., and Carlier, M. F. (19®8pchemistry 31300
3009.

35—-38.

Coue, M., Constans, J., and Olomucki, A. (19&&jr. J.
Biochem 160, 273-277.

Schoepper, B., and Wegner, A. (19€lr. J. Biochem 202,
1127-1131.

Weber, A., Pring, M., Lin, S. L., and Bryan, J. (1991)
Biochemistry 309327-9334.

21. McLaughlin, P. J., Gooch, J. T., Mannherz, H. G., and Weeds,

A. G. (1993)Nature 364 685-692.

22. Kabsch, W., Mannherz, H. G., Suck, D., Pai, E. F., and

23.
24.

25.

26.

27.

28.

29.

30.

31.

32.

34.

35.

36.

Holmes, K. C. (1990Nature 347 37—44.

Tellam, R. L. (1986Biochemistry 255799-5804.

Pope, B., Way, M., and Weeds, A. G. (199EBS Lett280,
70-74.

Weeds, A. G., Gooch, J., McLaughlin, P., Pope, B., Bengts-
dotter, M., and Karlsson, R. (199%EBS Lett 360, 227—
230.

Hesterkamp, T., Weeds, A. G., and Mannherz, H. G. (1993)
Eur. J. Biochem 218 507-513.

Laskowski, M. (1971) iThe Enzyme&Boyer, P. D., Ed.) Vol.
4, pp 289-311, Academic Press, New York.

Wesselborg, S., Janssen, O., and Kabelitz, D. (1993)
Immunol 150, 4338-4345.

Weber, A., Pennise, C. R., and Pring, M. (19B#chemistry
33, 4780-4786.

Tellam, R. L., and Frieden, C. (19&ipchemistry 213207
3214.

Haddad, J. G., Hu, Y. Z., Kowalski, M. A., Laramore, C.,
Ray, K., Robzyk, P., and Cooke, N. E. (19%®ipchemistry
31, 7174-7181.

Price, P. A, Liu, T. Y., Stein, W. H., and Moore, S. (1989)
Biol. Chem 244, 917-923.

. Shak, S., Capon, D. J., Hellmiss, R., Masters, S. A., and Baker, 33. Peitsch, M. C., Polzar, B., Stephan, H., Crompton, T.,

MacDonald, H. R., Mannherz, H. G., and Tschopp, J. (1993)
EMBO 1 12, 371-377.

Prendergast, G. C., and Ziff, E. B. (198BO J 10, 757—
766.

Kayalar, C., Ord, T., Testa, M. P., Zhong, L.-T., and Bredesen,
D. E. (1996)Proc. Natl. Acad Sci U.SA. 93, 2234-2238.

Vandekerckhove, J., Bauw, G., Vancompernolle, K., Honore,
B., and Celis, J. (1990Q). Cell Biol. 111, 95-102.

BI9711487



