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SUMMARY 

Isotomc salt extract of nuclei of human tonslllar lymphocytes contained about 
60-65 ~ of the total h~stone kmase activity (EC 2 7 1 37) of the cells The nuclear 
hlstone kmase activity was apparently cyclic AMP independent, although 20-25 ~ of 
the total cychc AMP-binding capacity of the cells was present in the nuclear extract 

A cychc AMP-dependent kmase (I), and an independent kmase (II), similar to 
those found previously in the hypotomc extract of the cells, were demonstrated in the 
nuclear extract by DEAE-cellulose chromatography In addition a second type of 
cychc AMP independent hlstone kmase (III) was found On the basis of its catalytic 
properties, (kinetic parameters and the phosphorylatmn slte of F2b hlstone), klnase 
III &ffered from kmase II, but it was similar to klnase I Klnase III may be Identical 
wlth the catalytic subumt of the cyclic AMP dependent enzyme 

A cychc AMP-binding fraction accompamed by a neghglble amount of kmase 
actlwty was also demonstrated m the nuclear extract by DEAE-cellulose chromato- 
graphy 

INTRODUCTION 

The role of hlstone phosphorylatlon m the determination of chromosonal 
structure or in the regulation of some nuclear processes is the subject of  speculation 
It is clear from studies on hlstone phosphorylatlon m living cells, that this type of 
hlstone modification may have various functions [1, 2] On the other hand, stu&es 
on hlstone klnases demonstrated that &fferent hlstone phosphorylatmg enzymes do 
exist [3-5] 

In spite of lack of any direct reformation, cyclic AMP dependent hlstone 
kmase is supposed to take part, at least to some extent, in the nuclear regulatory 
processes However, the nuclear hlstone kmase activity proved to be cyclic AMP 
independent [4, 6] The data presented may resolve this contradiction 

MATERIALS AND METHODS 

Chemwals 
Adenosine 3',5'-cychc monophosphate (cychc AMP) was purchased from 
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Sigma Chemical Co The F2b hlstone fractmn was prepared according to the method 
of Johns [7] (Method I) [y-32p]ATP (200 Cl/mole) was produced by the photosyn- 
thetic method of Avron [8] Cychc [8-all]AMP (27 5 Cl/mmole) was obtained from 
The Radlochemlcal Center Amersham DEAE-cellulose and Sephadex G-100 were 
the products of Koch-Light Laboratories and Pharmacla, respectively The other 
chemicals were of A R grade, obtained from Reanal (Budapest) 

16olatwn oJ lymphocytes 
Tonsils from 4-10-year-old children were collected m ice, and used not later 

than 3-4 h after tonsillectomy In order to isolate lymphocytes, the tonsils were 
minced and the pieces stirred in 3 vol of Hanks '  solution for 20 mln The suspension 
was filtered through four layers of  gauze, and centrifuged at 600 ~ g for 10 rain 
The precipitate was washed with Hanks '  solution All these procedures were carried 
out at 0 °C Lymphocytes were counted in a Burker chambre using Turk solution 
The Isolation procedure yielded about 5 10s-7 108 cells per tonsils 

Preparation of the hypotomc 3upernatant and of the nuclear extract 
Washed lymphocytes from 15 pairs of  tonsils were suspended in 60 ml of  a 

hypotonlc solution containing 0 04 M KC1, 0 002 M MgClz and 0 0! M Tr is -HCl  
buffer (pH 7 2) The suspension was stirred for 15 mln and centrifuged (1700 ~ g) 
The supernatant thus obtained was called the hypotonlc extract 

The pellet f rom the hypotonic extraction procedure was suspended in 30 ml of 
KC1-MgCI/-Trls-HC1 buffer This suspension was layered on the top of 60 ml of  
KC1-MgClz-Trls-HCI buffer containing 3 0 ~  sucrose, and centrifuged at 1700 × g 
for 15 mm The nuclei obtained were resuspended in 15 ml of 0 9~o NaCI-5 mM 
phosphate (pH 7 0), homogenized m a Potter-Elvehjem homogenizer with a Teflon 
pestle, and centrifuged at 3500 ~, g for 20 mln The homogemzatlon was repeated 
with the pellet resuspended in 10 ml of  the same solution The supernatants were 
combined and centrifuged at 32 000 ,~ g for 60 mm This procedure yielded the 
nuclear extract In some experiments, the combined supernatants were centrifuged 
for 60 mln at 160 000 / g instead of 32 000 \ g 

Detetmlnatton oJ htstone klnase activity 
The assay procedure was essentially the same as described by Kuo and Green- 

gard [9] The standard reaction mixture contained 0 05 M sodium glycerophosphate 
(pH 6 5) 0 01 M MgCI2, 0 002 M theophylhne, 0 8 nmole [V-32p]ATP (200 C1/mole) 
and 1 6 mg F2b hlstone in a final volume of 1 6 ml The reaction mixture was com- 
pleted with 10 -6  M cyclic AMP where indicated The reaction was carried out at 
32 °C After 10 mln prelncubation, the reaction was started by the addition of the 
enzyme solution, and was stopped, generally after 10 mln, with 4 ml of  cold 4 0 ~  
trlchloroacetlc acid After centrifugatlon, the precipitate was dissolved m 0 5 ml of  
1 0 M NaOH,  and was repreopitated by 4 0 ml of 2 0 ~  trichloroacetlc acid This 
procedure was repeated Finally the material dissolved m 0 5 ml of 1 0 M N a O H  was 
washed into 5 ml of  distilled water The radioactivity was measured in a liquid 
scintillation spectrometer, on the basis of the Cerenkov effect 

The enzyme activity in some experiments was expressed in units One unit of 
hJstone kinase activity is the amount  of  enzyme, catalyzing the transfer of  1 0 pmole 
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phosphate per min under the standard conditions The cychc AMP dependent kmase 
actlwty was defined as the difference in the enzyme activity measured m the presence 
and absence of 10 -6 M cyclic AMP 

A ~say of o'chc AMP-binding 
This assay was performed exactly as described by Gilman [10], using the 

property of the cyclic AMP receptor protein to bind to cellulose ester membrane filter 
(Sartorlus 11307) The assay mixture contained 4 10 -8 M cychc [SH]AMP (27 5 Cl/ 
mmole) and 0 05 M acetate buffer (pH 4 0) Since this method is highly specific for 
cyclic AMP dependent protein klnase or cyclic AMP-binding protein [10], and 
saturating concentration of cyclic AMP was used, the concentration of cychc AMP 
binding sites could be calculated directly from the amount of cychc [3H]AMP bound 
to the membrane filter (This amount was always less than l0 ~ of the total amount 
of cyclic AMP m the assay mixture ) 

Miscellaneous 
Preparation of hlstone kmase I and 1I from the hypotonic extract of lympho- 

cytes from tonsils stored at --20 °C for several weeks, was carried out using DEAE- 
cellulose chromatography, as described [4] Hlstone kinase I was eluted from the 
column by 0 1 M phosphate, while hlstone kinase II was found in the 0 2 M eluate 

The amount of protein was determined by the method of Lowry et al [11] 
Phosphorylatlon of F2b histone by histone kinase III, was performed in 32 ml 

of the basal reaction mixture, for the analysis of s2p-labelled hlstone pept~des The 
reaction was stopped by the addition of 1 vol of cold 40 ~o trichloroacetlc acid After 
centrifugatlon, the precipitate was dissolved m 1 5 ml of 1 0 M NaOH, and repre- 
Clpltated w~th 30 ml of 20 ~ trichloroacetlc acid This procedure was repeated Finally 
the precipitate was dissolved m 1 5 ml of 1 0 M NaOH 1 5 ml of 1 0 M KH2PO4 and 
7 0 ml of distilled water was added, than the solution was dialysed against d~stflled 
water The treatment of the phosphorylated sample and the fingerprint analys~s was 
carried out exactly as in the prewous experiments [4] 

RESULTS 

As reported [4], two different hlstone klnases have been separated by DEAE- 
cellulose chromatography from the hypotomc supernatant of human tonslllar lympho- 
cytes One of these enzymes eluted from the DEAE-cellulose by 0 1 M phosphate 
(pH 7 0) was cyclic AMP dependent (hlstone kinase I), while the other, eluted by 
0 2 M phosphate was independent on the cyclic nucleotide (hlstone klnase II) These 
two enzymes differed also in their kinetic properties and in the site of phosphorylatIon 
of the F2b hlstone fraction The crude extract of nuclei contained an apparently cyclic 
AMP independent hlstone klnase activity [4] To avoid the large endogenous substrate 
contamination, which hindered the purification of nuclear hlstone kmase previously, 
in the present investigations nuclei were deslntegrated in isotomc buffer solution 
(5 mM phosphate buffer (pH 7 0) in 0 9 ~ NaC1) and the suspension was centrifuged 
at 32 000 × g This procedure resulted In a nuclear extract, with a total hlstone kmase 
actwlty about two times higher than that of the hypotonic supernatant The nuclear 
hlstone kmase actlwty was apparently quite cychc AMP independent, however, about 
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TABLE I 

DISTRIBUTION OF HISTONE KINASE ACTIVITY AND CYCLIC AMP-BINDING CA- 
PACITY BETWEEN THE HYPOTON1C SUPERNATANT AND THE NUCLEAR EXTRACT 
OF TONSILLAR LYMPHOCYTES 

Extracts were prepared from 15 pairs of tonsds (1 8 101° cells), and were dmlysed against 0 005 M 
phosphate buffer (pH 7 0) 

Fraction Protein Hlstone kmase actlvlty in the Cychc AMP-binding 
(rag/m1) absence and presence of 10 -6 M 

cychc AMP 

umts/ml umts/ml (umts pmole/ml pmole/mg 
total) protem 

Hypotonlc supernatant 
(60 ml) 4 5 

Nuclear extract 
(25 ml) 0 85 

082  1 1 (66) 100 2 2  

4 2 4 3 (107) 5 5 6 3 

20-25 ~o of the cychc AMP-binding acnvlty extracted from the cells was found m the 
nuclear extract Since the cychc AMP-binding actwlty per mg protein was higher in 
the nuclear extract than m the hypotonlc supernatant, the cychc AMP-binding actwlty 
of the former could not be attributed to a contamination by the cytosol (Table I) 

More than 90 ~ of hlstone kmase actwlty of the nuclear extract was bound by 
DEAE-cellulose at pH 7 0, and the chromatography revealed hlstone kmase fractions 
similar to those separated from the hypotonlc supernatant A cychc AMP dependent 
hlstone klnase fraction appeared at 0 1 M phosphate while the cychc AMP independ- 
ent hlstone kmase II was eluted by 0 2 M phosphate (Fig 1) 

However, the cychc AMP activation of the nuclear hlstone kmase fraction 
eluted by 0 1 M phosphate was only 50-60 ~o, whde the cychc AMP dependent hlstone 
kmase separated from the hypotomc extract of cells obtained from frozen tonsils was 
activated to 600-700 ~ In addmon, the hlstone kmase actwlty of the nuclear 0 1 M 
phosphate eluate was relatwely high in the absence of cychc AMP, hence this fracnon 
seemed to contain a cychc AMP independent hlstone kmase beside the cychc AMP 
dependent enzyme 

The cychc AMP-binding actlwty eluted from the DEAE-cellulose did not 
coincide strictly with the cychc AMP dependent hlstone kmase actlwty More than 
50 ~ of the cychc AMP-binding acnvlty, accompamed only by neghglble amount of 
kmase I was found to follow the peak of this enzyme (F~g 1B) 

The cychc AMP independent component of the 0 1 M phosphate eluate was 
isolated from the 160 000 × g supernatant of the nuclear extract, by stepwlse elutlon 
from DEAE-cellulose (Fig 2) The bulk of the cychc AMP dependent kmase actwlty 
was absent from the 160 000 × g supernatant Instead of klnase I, a cychc AMP 
independent hlstone klnase appeared m the 0 1 M phosphate eluate, practically w~th- 
out any cychc AMP-binding actlwty (hlstone kmase III) Kmase II was eluted as 
usually by 0 2 M phosphate Their kinetic parameters being different, the two cychc 
AMP independent hlstone klnases (II and III) can readily be distinguished on the 
basls of their behavlour m the presence of low and high substrate concentranon 
(Fig 2B) 
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F~g 1 DEAE-cellulose chromatography of the nuclear extract (32 000 x g supernatant) 20 ml of 
nuclear extract (18 mg protem) dlalysed against 0 005 M phosphate (pH 7 0) buffer, was put on the 
column (1 cm × 5 cm) equlhbrated with the same buffer The column was washed with 30 ml of 
0 005 M phosphate, and than a gradient was apphed from 0 1 M to 0 3 M phosphate (OH 7 0) 5-ml 
fractions were collected Part A shows the h~stone kmase acnvlty in the absence of cychc AMP 
( × - -  × ) The dotted hne indicates the concentratmn of the eluent Part B shows the cychc AMP 
dependent kmase actlwty (O---O), (expressed as the difference in the enzyme acnwty measured m the 
presence and absence of cychc AMP) and the cychc AMP-binding capacity ( © - - © )  

The  cychc A M P  binding  act ivi ty  which fol lowed the peak  of  klnase I when 
grad ien t  e lut lon was used (Fig  1), was found  r ight  a t  the  beginning  o f  klnase II  peak  
m the case o f  stepwlse e lut lon (Fig  2) A l t h o u g h  this cychc A M P - b i n d i n g  ac twl ty  was 
accompan ied  by  the t races o f  cychc A M P  dependen t  kinase,  the  cyclic A M P - b i n d i n g  
act ivi ty  was much higher  than  could  be due to the enzyme alone (The rate  o f  cychc 
A M P - b i n d i n g  to cychc A M P  dependen t  kmase  act ivi ty  was abou t  6-8 t imes higher  
t han  this rate  m a cyclic A M P  dependen t  enzyme p repa ra t i on  ) 

The ca ta ly t ic  p roper t i e s  o f  hls tone kmase  I I I  were inves t iga ted  in detai l  The  
subs t ra te  sa tu ra t ion  curve o f  this enzyme with  F2b  (Fig  3), was s imilar  to tha t  o f  
h ls tone kmase  I when measured  m the presence o f  cychc A M P ,  while kmase  II  showed 
a qmte  different  subs t ra te  sa tu ra t ion  [4] The appa ren t  Km for kmase  I I I  and  I were 
2 2 10 -5 M and 1 5 10 -5 M ,  respect ively while the  F2b  concen t ra t ion  causing 5 0 ~  
o f  the  max imal  reac t ion  veloci ty  was found  to be abou t  10-6 M m the case o f  kmase  II  
(es t imated  on the basJs o f  an anoma lous  sa tu ra t ion  curve) 

The p H  o p t i m u m  for klnase I and  I I I  were also similar ,  (between p H  6 0 and 
6 5), while kmase  II  was more  actwe at  h igher  p H  (Fig  4) K m a s e  II  lost  more  than  
50% of  i ts actmwty when it  was d la lysed  agains t  5 m M  phospha te  buffer (pH 7 0) 
while kmase  I and  I I I  were s table under  these c i rcumstances  
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Fig 2 DEAE-cellulose chromatography of the 160 000 ;~ g supernatant of the nuclear extract 20 
ml of the 160 000 × g supematant ('20 mg protein) dlalysed against 0 005 M phosphate (pH 7 0) was 
put on the column (1 cm × 5 cm) equdibrated with the same buffer The column was washed with 
30 ml of 0 005 M phosphate, and than a stepwlse elutlon was carried out using 30 ml of 0 1 M and 
30 m] of  0 2 M phosphate (pH ? 0) 5-ml fractions were collected Part A shows the hlstone kmase 
actwlty (tmlts/m]) in the absence of cychc AMP ( x - - x )  and the cychc AMP binding capacity 
( © - -  O) Part B presents the relatwe klnase actwmes measured m the presence of low and high substrate 
concentraUon of the 5 fraction (kmase III) and of the 13 fractmn (kmase II) L m the presence of 
0 1 mg/mlF2b hlstone, H 1 0 mg/ml F2b and C 1 0 mg/ml F2b ÷ cychc AMP 
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Fig 4 The effect of pH on the activities of the three hlstone klnases The actwlty of kmase I was 
measured m the presence of cyclic AMP (Part A), whde those of klnase II (Part B) and kmase III 
(Part C) were measured m the absence of the cychc nucleot]de The standard reactmn m~xture con- 
tamed 0 05 M phosphate instead of fl-glycerophosphate "Enzyme" protein per sample was 0 1 mg, 
0 06 mg and 0 8 mg for A, B and C, respectwely 

Previous results obtained from the fingerprint analyses of 32p-phosphorylated 
F2b hlstone, showed difference between the action of klnase I and II Klnase I was 
found to phosphorylate preferentially one pept]de fragment of the F2b fraction, while 
four different peptlde fragments were phosphorylated nearly equally by kmase II [4] 
The fingerprint analysis of F2b hlstone phosphorylated by kmase III  gave slmdar 
result as was found characteristic for the action of kmase I About 90 ~o of the radio- 
activity was locahzed in the same single peptlde fragment, indicating that hlstone 
klnase III  phosphorylated the same site of F2b as the cychc AMP dependent enzyme 

DISCUSSION 

In our previous investigations the major part of nuclear h]stone klnase activity 
was not bound by DEAE-cellulose at pH 7 0, presumably because the large amount 
of endogenous hlstone present m the 5 mM phosphate extract of nuclei hindered the 
binding In the present experiments nuclei were deslntegrated m ]sotomc buffer, and 
the hlstone kmase activity of this isotonic nuclear extract was bound by DEAE- 
cellulose We cannot exclude the posslbdlty that some hlstone klnase actlv]ty was 
not extracted from the nuclear material by this procedure, but our results demon- 
strated that nuclei of human tonsdlar lymphocytes contained the same two hlstone 
kmase (I and lI) as the cytosol 

A third type of hlstone klnase (III) was also separated from the nuclear extract, 
however this enzyme had qmte s]mdar properties as the cyclic AMP dependent en- 
zyme, except, that zt was not activated by cyclic AMP and had no cyclic AMP binding 
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actw~ty The cychc AMP dependent hzstone klnase as known to contain a catalytic 
subunlt and a regulator subumt, which dlssocmte from each other on the effect of 
cychc AMP [12-15] Hlstone kmase llI  is probably identical with the catalytic subumt 
of hlstone klnase 1, hence our data suggest that a part of the cychc AMP independent 
hlstone activity of the nuclei may derwe from the cyclic AMP dependent enzyme 

The presence of the free catalytic subunlt in the nuclei can be explained by the 
high cychc AMP level oftonsfllar lymphocytes as compared to other tissues The high 
cyclic AMP content of these cells may be related to the immunological function of 
lymphocytes [16] Ceils isolated from fresh tonsds contain about 60 pmoles cychc 
AMP per 107 cells (Farag6, A ,  to be published) Thas cyclic AMP level has to cause 
the d,ssocmt~on of a part of the cychc AMP dependent enzyme molecules A some- 
what similar phenomenon was reported by Cross and Ord [17], who found the cychc 
AMP dependency of hlstone kmase from pig blood lymphocytes to decrease rapidly 
(within one hour), when the lymphocytes were treated w~th phytohemogglutinln 

The chromatographic profile of the nuclear extract indicated a significant 
amount of cychc AMP-binding activity without, or with strongly reduced kxnase 
actwlty Among the possible explanations of this cyclic AMP-binding actlwty, the 
most probable seems to be, that the free regulator subunlt of the cychc AMP depend- 
ent enzyme is also present in the nuclear extract If kmase l l I  ~s adentlcal w~th the free 
catalytic subumt, the existence of the free regulator subumt is to be expected In addi- 
tion, as ~t was shown by Sephadex gel filtration, two kinds of molecules having cyclic 
AMP-binding actwlty were present even in the hypotomc extract of human tonsfllar 
lymphocytes one with a molecular weight of about 95 000, and an other of about 
55 000 The former was presumably the cychc AMP dependent enzyme, while the 
latter m~ght be the free regulator, since the molecular weight of the cychc AMP 
dependent hlstone kmase of human blood lymphocytes, and that of the catalytic 
subumt of this enzyme ,s about 90 000 and 40 000, respectively [18] 

The number of cychc AMP binding sites per tonsfllar cells is in the order of 104, 
and a considerable part of these s~tes ~s reside the nucleus The question arises, 
whether the only function of these cychc AMP receptor molecules ~s to mhJb~t the 
catalytic actlwty of the hJstone kmase or perhaps of some other enzyme It is well 
known that in prokaryotac cells a cyclic AMP-receptor complex stimulates the syn- 
thesis of lac messenger RNA, and this effect is not restricted to one operon, but a 
seines of adaptive enzyme systems are influenced by the cychc AMP-receptor complex 
[19] Regulation of nucleic acid synthesis of eukaryotlc cells differs substantially from 
that of prokaryotes, and in eukaryotes one effect of cyclic AMP on the nuclear 
processes, 1 e the enhancement of histone phosphorylatlon has been clarified How- 
ever, concommltant with this function, cyclic AMP might have also some other role 
m the regulation of nuclear processes [20], which revolves the cyclic AMP-receptor  
complex dissociated from the catalytic subumt 
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