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SUMMARY 

When 
125 

l-labeled HMG-T was incubated with trout testis nuclei under conditions 
of pH and ionic strength approximating those in vivo, most of the radioactivity bound to 

the chromatin. Most labeled non-nuclear pro-which were tested did not bind. Four 

large cyanogen bromide fragments of HMG-T each bound, suggesting that HMG-T inter- 
acts with chromatin along most of its length. Trout testis chromatin contains two popula- 
tions of HMG-T molecules which differ in their extractability with NaCl solutions; the 

125i-labeled protein equilibrated mainly with the more readily extracted population. 

HMG-T also bound to nuclease-treated chromatin, an observation with important impliccr 

tions for studies in which nucleases are employed to probe chromatin structure. 

INTRODUCTION 

The high mobility group (HMG) proteins are a family of well-characterized chro- 

mosomal proteins of low molecular weight (c 30,000) which can be extracted from chrcma- 

tin with dilute salt solutions (e.g., 0.35 M NaCI) and which are soluble in dilute 

trichloroacetic acid (e.g., 2%) (1,2). They appear to be concentrated in transcrip- 

tionally competent regions of the genome (3-5). 

Bustin and Nr?ihart, using immunofluorescence techniques, have shown that 

HMG-1, the major mammalian HMG protein, is present in appreciable concentrations in 

the cytoplasm as well as in the nucleus in several lines of cultured cells (6). Recently we 

demonstrated, by microinjection experiments, that the chrcmatin-bound and cytoplasmic 

pools of HMG-1 are in equilibrium with one another in HeLa cells and bovine fib&lasts 

(7). It was of interest to know whether this equilibrium is a dynamic, energy-requiring 

process, or occurs by simple diffusion and binding to appropriate sites on the chrcmatin. 
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In an effort to answer this question, we have studied the binding of 
125 

l-labeled HMG-T 

(the trout protein homologous to mammalian HMG-1 (8)) to trout testis chromatin in vitro. 

MATERIALS AND METHODS 

Preparation of nuclei 

Rainbow trout testis in the mdd stage of development were collected at Mission, 

British Columbia, and stored at -80 C. The frozen tissue was crushed and homogenized 

with 4 volumes of 0.25 M sucrose, 25 mM KCI, 5 mM MgC12, 50 mM Tris, pH 7.6, in a 

Potter-Elvehjem homogenizer with a loosely fitting pestle. The homogenate was filtered 

through 4 layers of cheesecloth, and the resulting filtrate was centrifuged 10 min at 

600 x g. The nuclear pellet was washed once with homogenizing buffer. Nuclei were 

prepared from fresh trout liver by centrifugation through 2.3 M sucrose (9). 

Radiolabelina with ‘251 

Proteins were iodinated by the lactoperoxidase method as described earlier (7). 

Binding studies 

The nuclei from 1 g of testis were suspended in 1 ml of homogenizing buffer. To 

1 ml of this suspension was added about lo6 cpm of labeled protein (approximately 0.5 

pg) in 2% bovine serum albumin, 0.15 M NaCI, 0.01 M sodium phosphate buffer, pH 7.6. 

The resulting mixture was incubated 30-60 min at 0’. The nuclei were then sedimented, 

washed 3X with 3 mM MgC12, 10 mM NaCl, 10 mM Tris, pH 7.4 to remove unbound 

radioactivity, and counted in a gamma counter. 

Quantitation of HMG-T 

The acid-soluble proteins in the fractions of interest were seporated on polyacryl- 
amide gels and stained with Coomassie Brilliant Blue. The amount of HMG-T present wos 

determined from the staining intensity of the appropriate band after construction of a 

calibration curve relating dye-binding to weight of HMG-T (11). 

Preparation of cyanogen bromide fragments 

HMG-T was digested with cyanogen bromide as described by Gross (10). The 

resulting digest was lyophilized and fractionated on a column of Sephadex G75 equili- 

brated with 20 mM ammonium acetate, pH 5. Seven peptides were eluted and numbered 
in order of their emergence from the column. 

RESULTS AND DISCUSSION 

When trace amounts of 
125 

l-labeled HMG-T were incubated at O” C with trout 

testis nuclei under conditions of pH and ionic strength approximating those in vivo, 
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Table I 

Binding of 
125 

I-labeled proteins to isolated trout testis nuclei 

Soluble 
HMG-T HMG-1 cytoplasmic 

- - proteins 

% of initial counts bound before washing 83 71 18 

% of bound counts released during washing 

wash 1 3 3 30 
wash 2 1 3 16 
wash 3 1 2 11 

% of initial counts bound after washing 79 65 8 

7O-90% of the radioactivity bound to the nuclei and was not released upon washing at 

low ionic strength (Table I). HMG-1, the calf thymus homolcg of HMG-T, behaved 

similarly. A mixture of cytoplasmic proteins, on the other hond, bound to a considerably 

lesser degree, ond much of the protein which did bind was removed during washing. The 

non-nuclear proteins mycglobin, bovine serum albumin, and carbonic anhydrase (which 

hos a molecular weight and isoelectric point similar to that of HMG-T) failed to bind to a 

significant extent (data not shown). Two highly basic non-nuclear proteins did bind: 

15% of the label in cytochrcme C (pl = 10.0) and 62% of thot in lysozyme (pl = 10.8) 

remained associated with the nuclei after washing. These results are consistent with the 

hypothesis that the equilibrium between cytoplosmic and chromatin-bound HMG-1 

observed in vivo is a passive process dependent only upon diffusion of the HMG molecules 

between the nucleus and the cytoplasm and their binding to appropriate sites on the 

chromatin. 

When labeled HMG-T was incubated with chromotin, instead of nuclei, results 

similar to those described above were obtained, and we assume that all of our observo- 

tions, most of which were mode with isolated nuclei, reflect the binding of HMG-T to 

chromatin. Results similar to those described obove were also obtained when 
123 

- 

HMG-T was incubated with trout liver nuclei, suggesting that the binding is not tissue 

specific. Binding reached a maximum in one minute, the shortest time investigated. The 

extent of the reaction was independent of temperature between O” and 25’, an interval 

which spans the physiological temperature range for trout. The extent of binding 

increased as the ionic strength was lowered and decreased OS it was raised; standard 

reaction conditions were chosen to approximate intracellular salt concentrations. Reduced 

and oxidized HMG-T bound obout equally well. In most experiments the reduced form 

was used because of its greater solubility. 
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Table II 

Binding of 
125 

l-labeled cyoncgen bromide fmgments of 

HMG-T to trout testis nuclei 

Labeled molecule % of initial counts bound 

intact HMG-T 77 
fmgment I 42 
fragment II 35 
fragment I II 31 
fragment IV 37 

Fragment IV contains residues 1-47 of HMG-T. Fragment III extends from residue 48 to 
about residue 130. Fragment II is about 90 residues in length and is derived from the 
Gterminal half of the molecule. Fmgment I may be composed of fragments III and IV 
together with a shorter peptide (D.C.W. and G.H.D., unpublished observations). 

To determine whether HMG-T contains a specific, well-defined binding site 

which is responsible for its interaction with chromatin, the molecule was cleaved with 

cyancgen bromide, and the binding of each of the major fragments thus generated was 

measured. As shown in Table II, each fragment bound, although not as well as the intact 

protein. These results suggest that HMG-T interacts with chromatin along much of its 

length. 

By extracting trout testis nuclei with sodium chloride solutions of progressively 

increasing concentration, two populations of HMG-T can be distinguished: one is 

released between 0.2 M and 0.4 M NaCI, while the other remains associated with the 

pellet even after treatment with 0.6 M NaCl (1 1). As demonstrated in Fig. 1, the 12?- 

HMG-T which binds to the chromatin in vitro is similar to the more readily extractable 

population and equilibrates to only a slight extent, if at all, with the more tightly bound 

fraction. 

Most of our experiments were done using tracer amounts of 
125 

I-HMG-T. In an 

attempt to determine the maximum omount of HMG-T which will bind to o given quantity 

of chromatin, we prepared 
125 

I-HMG-T of low specific radioactivity and added increas- 

ing amounts of this material to constant numbers of nuclei. The results ore presented in 

Fig. 2. Although saturation was not achieved, it is clear that the quantity of added 

HMG-T which can bind to the isolated nuclei is at least twice as great as the amount of 

endogenous HMG-T which they contain (the level of endogenous HMG-T is indicated by 

the dotted line in Fig. 2). 

The DNA in transcriptionally competent portions of the genome is known to be 

preferentially digested by both DN’ase I (12-14) an micrococcal nuclease (15-17). The d 

action of the latter enzyme is, in addition, confined to DNA in the linker regions. 
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NaCl concentration (M) 

Figure 1 Salt extraction curves for endogenous and 
125 

l-labeled HMG-T. Separate 
aliqgots of nuclei containing bound 12%-HMG-T were extracted for 60 min 

at 0 with 3.Oml portions of 3 mM MgC12, 10 mM Tris, pH 7.4 containing 

the indicated concentrations of NaCl. The amount of radiwctitjity 

(-El - a-) and of HMG-T (-0-e) was determined in each extract and 

pellet. 

)lg HMG-T added 

Figure 2 HMG-T binding curve. Each reaction mixture contained one-tenth of the 

usual quantity of nuclei and the 1251-HMG-T had a specific activity of 
18 x 103 cpm/pg. Otherwise the binding measurements followed the standard 
procedure. The dashed line indicates the level of endogenous HMG-T. 

Because of this selectivity, these enzymes have been used to determine the position of 

HMG-T and HMG-1 in the chromatin structure (3,5,18,19). In such experiments it is 

usually assumed that proteins bound to the nuclease-sensitive portion of the chromatin 
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Table III 

Binding of 
125 

I-HMG-T to nuclease-treated trout testis nuclei 

Enzyme 

Incubation 

conditions 

% of initial 

counts bound 

None 15min 0’ 85 

None 15 min 37’ 85 
DNase I 15 min 37’ 76 

None 
None 

Micrococcal nuclease 

20min O” 82 
20 min 37’ 83 
20 min 37’ 69 

For each sample, nuclei from 1 g of testis were suspended in 4 ml of 10 mM NaCI, 3 mM 
MgCl2, 10 mM Tris, pH 7.4 (DNase I experiment) or in 8 ml of the same buffer contain- 

ing 1 mM CaC12 (micrococcal nuclease experiment). To the appropriate tubes were 
added 80~9 of DNase I (Worthington, RNase - free, 2300 units/mg) or 200 units of 

micrococcal nuclease (Worthington, 15,000 units/mg). After incubation as indicated, 

the nuclei were sedimented and washed once with digestion buffer. Binding was then 
performed as usual. 

will be released following digestion and appear in the supernatant fraction. Our results 

suggested, however, that these proteins might rebind to the nuclease-resistant pellet. To 

test this possibility, 
125 

I-HMG-T wos incubated with nuclei which had been treated with 

micrococcal nuclease or DN’ase I. As demonstrated in Table Ill, ‘251-labeled HMG-T 

bound to the nuclease-resistant regions of chrcmotin nearly as well as it did to untreated 

chromatin. Clearly it is not volid to assume that the proteins in nuclease-sensitive 

regions of the chromatin will appear in the supernatant following digestion, and the 

results of previous studies must be reinterpreted in the light of this finding. 
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