Volimie 30, siumber 2

" FEBSLETTERS. -

March 19?3

SELECTHVE HNHEBI’FHGNS OF tRNA METHYLTRANSF ERASEo BY
S—ADENOSYLHOMG‘CYS’EEENE AND TWO OF ITS ANALOGUES*

: Jean HILDESH[EI[M Jezm-F rangms GOGUILLOV and Edgar LEDERER

; [nsutm‘ de Clumze des Substances Naturelles, C. N R.S.
97190 th ster- Yv ette, France

Received 15 January 1 973

I lniti'm;igucﬁon

~ S-adenosyl L-homocysteine (SAH)’& is a potent in-
hibitor of nearly all the methyltransferases (EC.2.2.1)
tested {1—7]. However, differences in the degree of
uu‘lzbltlon by SAH of various methyl tmnsfemses pres-
ent in a same extract have been found [4, 6] .

Recently, we reported the synthesis of several com-
pounds, related to SAH [8,9]. Among them, S-adeno-
syt L-cysteine and S-adenosyl cysteamine were found
to inhibit £. coli B tRNA methylation by a N-2-gua-
nine rm,thvltmnsfcmse parualiy purified from rabbit
hiver [71. :

In this communication we report the effect of
SAH and of the two synthetic analogues SACysteine
and SACysteamine on the pattern of methylation, in
a rate reaction experiment of methylation of an un-
fractionated E. coli B tRNA by a rabbxt lwer methyl— ,
transterase extract. '

2. Materials and methods

_ S-adénosyl L-methionine methyl (H2CI{SAM) was
Obta_ined from CEA Saclay: specific activity 50

Ahbre»muons -

. SAM: S-adenosvlhomocystewr:
SAM: S-adenosylimethionine.

© SAC: S-adcnosyl L-cysteine. -
SACysteamme S-admos;lz,ysteanune-

Tfus paper is dcdu:ated by E. L to his friend and coI!eague
'l‘leodor erland for hls &0th bar!hday

ﬁor{(t-({ol{a:!d ﬁ;blish:'ng Cor_npan Yy — Amsterdarn:

rhCi/ mmole; 97% purity. It was diluted and adjusted
to pH 4 prior to use. E. coli B uniractionated tRNA

was obtained from Chagrin Falis, Ohio, USA.

2.1. Itziubltor,
5"-S-adenosylhomaocysieine, 5 -S adenosylc.ysteme
and 5'-S-adenosylcysteamine were prepared as de-
scribed earlier [8,9]. '

22. Meth yitransferases

The method described by Pegg [10] was foliowed
in order to obtain a a purified extraci containing all the
tRNA iaethylases. The preparation was unstable and

lost over 60% of its activity in a week, at —20°.

2.3. Enzymatic assays :
The =:says contained, in a total volume of 0.5 ml,

| 50 pmole of Tris-HCI buffer, pH 8.5; 10 nmole of

SAM methy! [14C]; 0.2 umole of 2-mercaptoethanol,
0.4 to 1.6 mg methylase preparation, 10 ug iRNA,

ammomium acetate at a concentration of 0.2 moles

and additions as described in the text. Ammonium

- acetate was added because of its known rate and ex-

tent enhancing effect on methylation [10, 13], a cou-
centraticn of 0.2 mole of NHy cortesponding approx-
imately to the level required tor an optlmum methyla-
tion of tRNA.

- Incubation was performed at 37° for 1 hr; then
100 1 portions of each incubarion mixture were de-
posited in duplicate on Whatman fitter paper discs no.
3 MM; 2.4 cm diameter. The discs were treated ac-
cording to the modified Novelli method as described . -

- by Pegg [10]. Samples were removed prior to incuba-

tion in order tc correct for the amount of
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radxoaethiy adsorbed non spectf ca!ly on the dnscs, AN
The methylation of proteins was detern ‘ned by treat-

_ing one of the series of dnscs with hot 5% TCA in
order to hydm!ym the tRNA {t()} The discs were

then air-dried and placed in scintillation vials, covered’ k
with 10 ml of toluene scintillation fluxd and counted

in 2 Nuclear Chicago Mark IT' apparatus pr:ratmg at
an efﬁuzem.y of 82%. :

2.4. Arza:'} Sis of raa:aacmfe bases

- The standard assay medium was scaled up twenty
times. Cdmer tRNA (4.5 mg) was added to the reac-
tion mixture (10 mb) :md the tRNA, extracted by the
phenol procedure [14]. The resulting nucleic acid
was dissolved in 2.5 mi of hydrochloric acid (1 N) and
hydrolysed at 100° for Lhr. -

The hydrolisate was dried at 60° undcr reduced
pressure and 0.5 ml of hydrochloric acid (0.01 )
added. Each sample thus obtained was chromato-

, Gmphed first on Whatman no. ! paper strips, 3.5 cm
wide along with methylated bases as markers. N-2
methylguanine and N-2 d:methyiguanme were kindly
provided by Dr. AE. Pegg, Courmuld institute, ‘
Middlesex Hospital, London. '

Tha major rzdioactive bases were detected by their
UV absorbance after chromatography, separately, by

a combination of the following three solvent systems:

A) q-imn:aur_ml,w water—concentrated ammonia
{8£:9:5 ‘\el\k) B} methan‘el44water~c.0n£:entfated hy-
drochloric acid (7:1:1; va) C) n- butanoi-water~ace-
ticacid (4:1:1:vfv).

The radicactivity of spots was fi rst detetmmed

with a Scanner. (Dunnsmlcht Scamxcr Berthold LB
”’7?0) and the Spc-ts were then eiuted with 0.01 N
“hydrechloric acid (20 ml). "’"he eluate was dried under
reducesd pressure redissolved in 0.1 ml hydrochloric
acid andt rechromatographed in one or more of the
above mentioned solvents until homogeneous. Finally
the radicactive areas were cut into strips 1 cm wide;
each segment was put separately into scintillation-
v’ia!s covered with 15 mli toluene‘sémtiﬂatioﬁ fluid and
counted for 40 min. Segments were cut from areas de-
void of r.dioactivity for blank determinations. Deter-
minaticn of radioactive S-methylcytosine and 5-meth-
‘yluracil was performed by perchloric acid treatment
of the base line after the first elution in solvent A as

described elsewhere [10]. Removal of perchloric acid
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- “mmmwn oﬁ‘ E. calé B thMA methyhmnsfemsas fiom mbbxt
i Iwer by 'S-adenosyl homncysteme (SAH), S«zudenosyl L~cy<i- ’
L teme (SAC} and S—adcnosyl cysteamme (SACysﬁe'-mme)

lnhxbnors S comes : Enhxbntxon -
T e
sam . 10 - ag
o i0e 68
R (. I B
.sAC - 7 1w o omn
B ‘ o w0 49
1000 - 66 -
SACysteamine - SR [ I 16
100 29

g - 54

Incubations were performed :a'p 37° for 1 hr and were pro-

cessed as described above. Each assay contained in atotal -
volume of ¢.5 ml, 50 umolf:s of Tris buffer PH 8.5, 10 .
amoles of SAM micthyl [ ¥ C} 0.2 gmaole of 2-mercapmetha-
nol; 0.4 to 1.6 mg enzymes, 10 ag tE{NA ammonium aceta

 at 0.2 moles concentration and the amounts of mhtbrtors e

shown above.

after hydroiysis of the pyrimidiﬁéknucleotides, wiis o

~ carried out at 70° under high vacuum.

3. Results and dﬁscussian: o

Under tﬁe expcnmentai condstxom descnbed above,
the rate of methylation of tRNA at 37° was found to.
be. proportional to time for at least 60 min. :

- A preliminary experiraent was performed in Gfder

» L to evaluate the ichibitory activity of each of the in-
h:bxtors The results are qummanzed in table !

3.1. Inhibition by S~adenosylhamobysteine (SAH)
Exammanon of the pattern of methylaied bases «:b
tmned in the control < expenment (without SAH)

 showed that under the conditions used for the assay,

the prmcxpa! methylated bases formed were: Z-memyi
guanine, l-met‘\yladenme and Snmethylc.ytosme e
(table «) Lo T . . . .
When the mixture of encymes was mcubated in-
the presence of 10 ymole SAH, an cwera!! mh:bmon :
of 41% of the methylation of the tRNA was found

(table 2). However, the action of SAH was found to

be selective. For instance nearly ‘complete mhlbltlon
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e - Table 2 ' ‘
E calz B tR‘JA methylated Wlﬂl rabbit liver en:zymes..

R o SAH' T ~ SAC . SACysteamine -
‘Methylated bases o LR o Cosrected " o Corrected
detected - Control - . Inhibition - .. Inhibition  inhibition Inhibition inhibition
L S A{epm) . (epm) . (%} cpm) - (%) (%} ‘ {cpm) - (%) (%)
1-Methylguanine 101 118 0 1940 0. 126 . 0 0
2-Methylguanine 2670 - 1912 28 2074 @ 22 32 1807 32 57
Methylguanine 623 350 - 44 412 34 - 49 605 = 0O ]
Z-N-dimethyl-- h Co ' .

guanine. 351 - 33 9L 186 47 67 207 41 73
7-Methylguanine 306 212 e} "33¢ K¢ 0 o306 o 0
{-Methyladenine . 1265 576, 54 766 48 . 57 . - 923 27 48
2—&[e£hyiaf§¢nine '42& . N,D.g ioo 127* 70 ~100 419*‘ N g ) 0
¢-Methyladenine N.D. - ND. o — N.D. . — — N.D: - -
swmiethylcyudmc 1104 769 30 794 - 28 - 40 822 34 46
S-Methyluracil 55 NDT -~ 0 - - 73 -

_Overa!l inhibition . .43 29 41 23 41

Analysis of radioactive bases: effect of S-adenosyl homocysteine (SAH), S-adenosyl cysteine {SAC) and S-adenosy! cysteamine
(SACysteamine) on the methylation of £ cofi B tRNA in a rate reaction experiment, Each incubation mixture, contained in a to-
tal volume of 10 mb: 200 ug of (RNA 0.2 gmoles of SAM methyi [MC] in Tris buffer pH 8.5; ammonium acetate was present at
aconcentration of 0.2 moles. After incubation at 37° for 1 hr, the samples were processed as desu:bed under %{fﬂthods, concentra-
tmn ot inhibitors: SAH 10 uM; SAC 100 yM SACys.teamme 100 uM.

\: D. not duccted

".Corrected inhibition fﬂilﬁ's (%): the overall mmb!tmn values sbmmed in the experiments with SAC and SACysteamine were
- converted to the overall value of inhibition of SAH (41%). The corresponding conversion factors were then multiplied by the
. values of inhibition t‘mmd for each of the methyla'ed bascs. i.e. overall inhibition with SAH = {.43 = conversion factor. In this
: overall inhibition with SAC

table; the v;lues fqund far S-m_ethylumcii and l«methylguamne were omitted.

was obtained with the 2-C-adenine and the 2-di-N gua-
- nine methylating enzymes, whereas only 28% and
30% inhibitions were observed, respectively, with. the.

—‘\I«adenme and the 5- C'«.ytosme methylating en-
zymes. An apparent lack of inhibition of the 7-N-gua-
nine methylating enzymé was noticed. [t can be seen
that two of the major methylating enzymes (forming

2.methylguanine and S-methylcytosine) are the feast

'sensmve to the action of SAH: On the other hand
minor methylating enzymes such as those producing
2-di-N-methylguanine, and the 2-C-methyladenine
seemedi to be more sensitive to the action of this in-
hibitor (inhibitions of 91 and ~100%. respectively).

__ The selective inhibitory action of SAI on various.
partially purified £. coli methyltransferases has been
desczibed already by Hurwitz et al. [41. More recent-
ly Kerr, [6] has shown that SAH acted more

selectively at the same concentration on a iIRNA
methyltransferase, than on a glycine meﬂzy!tmnsfer-
ase present in a same extract. '
~ Qur in vitro experiments suggest that SAH isan
especially potent inhibitor of some of the minor

methylases present in the cell whereas major methyl- .

ating enzymes are less seasitive o its action. Such a
selective inhibition might be a direct consequence of

. the affinity of these enzymes for SAH and would de-

pend on the conditions in which methylation occurs
{i.e. ionic factors §10, 13, i5, 20. 23} . pH of the me-
dium eic...). '

it is thus conceivable that the percentage of the
vagious methylated bases is largely dependent on the

" degree of inhibition by SAH of the corresponding

methylases.
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~ The contmve:sxai foxmatxon of “nec methyiases
{16 18,21, 22] in transformed tissues or cells cou!d
te the result of different. envxronmentat ‘conditions
'Ieadmg to a less inhibitory activity of SAH and toa
chanreé pattem of nethylanon“ _—

3.2, !rzlzibtizorz by aderzosrlcysteme (SA C) and S-
_ af{erzosylcystew aine (SACysteamine) :
The inhibition levels obtained with the analogues

of SAH:SAC and SACysteamine are repo*ted in table = it .
. [2] V. Zappia, C.R. Zydek-Cwick and IF. Schlenk J Blol

2. Concantrations of 100 uM were necessary in order :
to obtain these levels as f.,ompared to 10 uM for SAH.
The cverall inhibitions obtained are, respeawely, 29 .
and 23% munaimg, as mentioned in a previous com:
munication, a weaker inhibitory acthty of these two
products as compared to SAH [7]. ‘

In order to simplify the comparison of the erctems ‘

of inhibition between the three inhibitors, the overall
inhibition values obtained with SAC and SACystea-
mine were brought to the same overall value as the
one obtained for SAH (41%). Accordingly, the value
of inhibition observed for the formation of eack meth-
ylated base in the SAC and the SACysteamine experi--
ments, was u)rrected by multiplying each of the val-
ue;, by thé corresponding factor.as indicated i in table
2. It can be scen that the inhibitory action of SACys- -
teine is qualitatively similar to the action of SAH
“rowing thus that no fundamental difference cxists
berween these two products concerning their binding
1o the various methyltransferases. EQWe'f'er SACys-
teamine is unablé to inhibit the 2-N-gr-anine and the
2-C-zdenine methylating enzymes, it seems to inhibit
more sclectively than does SAH the 2-N-guamne and
the 5-C-cytosine methylating enzymes.

Recently [19] a “modification enzyme’ (.1 D‘\IA
methylation enzyme} was shown to be inert towards
the action of SAH, but inhibited by analogues such as
5 -met!*yithiaadenosme or 5’ -S—adenesyie{!nonme,
Thus in certain cases, the lack of inhibitory activity of
the natural inhibitor SAH « ‘an be overcome by the

use of ana_agues having diffcrent or simpler structures.

it is one of our aims to prepare synthetic analogues -

of SAH or SAM, whizh m:ght act in a selective or
specific mmner with.n a group of methyltransfemses
prese'n m a given extract. -

180

FEBS LE’ETERS

: Mamh 31973‘

Ackmaﬁe«ﬁgﬁmem

’i’ms vwﬁc was suppozted in part by a gram fmm
“CEA (Commnssanat alt Energne Atomnque) for pur- ‘
chase of ssato;aes. ' ; , ;

: Réfer@néaé'

} AE. chb, I‘EBS Letters {6 (1971) 13.

. Chem. 244 (1969)4499. '

i3] T. Deguchz and J. B.irchas,! Bm?. Chem. 245 (:9?1}
3175 i ' -

{4} §. Hurwitz, M. (}o’d :md M Anden.,f onl Chem 239
(1964) 3474. ,

© [5] K.D. Gibson, J.D. Wilson and S. Udenfuead 3. Biol.

Chem. 236 (1961) 673. .
{61 SJ Kesr, §. Biol. Chem. 247 (1972) 4"48 ‘
{?i 1. Hildesheim, R. Hﬂdcshegm,l Yonand . Lederer,
Biochimie 54 (1972) 989. i ’»
{81 3. Hx!deshexm R Hddeshexm and E. Ledc:e:, Bmclumze
53{1971) 1067.
. [9] J. Hildesheim, R. Hﬂdeshclm and E. Ledeter Bmch mic
54 (1972) 431
[10; A.E. Pegg, Biochim. Bmphys Act&l (19?I}6’d
{11} D.V. Young and P.R: Snmvnsan onchxm Biopnys.
: Acn3238{l97l)447

© {12] P.S. Leboy, FEBS Letters 16 (197“ ll7
© {13] R.L. Hancock, Physiol. Chem. Phys. 4 (1972} 17

{14] B.C. Baguley and M. Stachelin, Biochemistry 7 (1968)
- 45.

{151 H. Tabor :md{: W Tabor; Ph:mnau)& Rev- 16 (1964}

245,

f16] B.L Shahai Snvastava, Life Sca 9 (1970) 1315.

{17] RAL Halpern, S.Q. Chaney, B.C. Halpern and R.A.
Smith, Biochem. Biophys. Res. Commun. 42 (197 l) (2.
{18} B. Hacker and L R. Mandel, Bxechxm Bmphys. Acta
190 (1969) 38. :
{19] B. Eskin and S. Lmn J. Biol, Chcm 247 (1977) 6183,
f20] 8. Breier aud R.W. Hoﬁev E}:ocmm Baephbs ALm ’53
_(1970) 365. - :
{2!] D Riddick and RC: Galln C:mce( Res- 30 (197(}}
2484,
{22} S. Fujioka, R.C. T ing and R C. Gallo, Cam:er Reﬁ 31
- {1971) 451 ,
{ 231 AM. Kavé and P. S, choy, Bmcium onphys. Acta 15?
' (1953) 289. T



