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ABSTRACT
| The concentration of GTP was found to be criti;a]]y important in
determining the characteristics of incorporation of GMP by DNA-dependent
RNA pb]ymerase,from rat brain nuclei. The linearity of thé incorpofa-
tion rate was related to the log of thé GTP cbncéntration. Three hundred
uM GTP in the presence of the other nucleoside triphosphates (1 mM) was
near to the obfima] conditions in terms of maximum incbrporation and
linearity. The conqentratibn of ammonium sulfate waéiah_important féctbr :'

in determining thé'Optimum GTP and UMP concentration. The U/G ratio was -

_lésé than one at low concentrations of substrate and increased with

_increasing substrate or ammonium sulfate concentration. a-Amanitin

strqng]y inhibited the reaction, indicating that RNA’po]ymerase'II is

the effective enzyme.
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~ The influence of the concentration of huc]eoside triphosphate on
RNA synthesis in nuclei has not been studied.sufficiént1y. Nd&e]]o and
Stirpe (1969) have studied briéfly the effect of varying the concentration
of all nuc1éo$ide triphosphates on the DNA—dependenflRNA polymerase (EC:
2.7.7.6) in raf']iver ndc]éirbut we are unaware of any such sfudy in bfain.
The concentrations of nucleoside triphosphates used by differeht authors -
have extended over a wide range. This is particu]ar]y true in the case
of the labeled nucleoside’triphosphate for thch the concentration has
extended over nearly four orders of magnitude, from 0{35 pM'(BankS“&
Johnson, 1973) to 1 mM (Austoker et al., 1972). Apparently the concenfra-
tions have been chosen arbitrarily and cbmparison of the_varioqsvstudiésf:
v'is difficult. In the present study, the effect of the concentration bf-zu
GTP on GMP incorporation was studied and found to be critically impqrtanti.
in determining the rate, duration, base ratio of incorporétiph, and inhibﬁ-

L]

‘tion by actinomycin D.

MATERIALS AND METHODS

Nuclear preparation. Sprague-Dawley male rats from Horton Laboratories,

| Oaklandg?éoo—350'g) were ki]]edvby cervical dislocation andvdeéapitated. ';"  o P
The cerebral cortices were removed, rinsed in saling,”and the nuc]éi were o
prepared essentially following the method of L¢vtrup;Rein.and McEwen (]966). ;  kﬁ
A operatidﬁs’Were,Performed at ice temperature. The cortices were -
homogenized by'hand immediate]y after sacrifice in a loose Teflon-glass

homogenizer in 10 volumes of 0.32 M sucrose. (A1 sucrose solutions con- - -

- tained 1 mM MgC]z and 1 mM potassium phosphate buffer, pH 6.5.)
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The homogenate was filtered through several layers_of cheesecloth

vivand centrifuged for 10 min at 1000 g, the crude nuc]ear3pe1]et was washed

twice with 0.32 M sucrose, drained and suspended in 2 M sucrose. eThe
suspension was 1ayered over a grad1ent of 10 m1 of 2 M sucrose and 5 ml

of 2.2 M sucrose. - The gradients were prepared 24 h before the experiment

-~ and kept at 0°C until used. To assure that all fhe types'of_nuc1ei are

present in the final preparation, the»centrifugatioh was extended'to a
period of 60 min (Lgvtrup-Rein and McEwen, 1966) at 26,500 rpm in a SW-27

rotor in a Spinco L2-65B centrifuge at 4°C. The'peT]et of purified nuclei.

"Was sUspended in 0.32 M sucrose and washed once to eliminate the concen-

trated sucrose. Finally the pellet was resuspended in 0.32 M sucrose and:’

used within 2 h. Mjcroscbpie eXamination showved litt]evcytoplaSmic'eoh-
tamination and the presence of all types of nuclei as characterized by
shape, size, and number of nucleoli (Austoker gg.gl;¥‘)972). The Tow
degree of cyteplasmic contaminafion was confirmed'by the. Very»1ow RNA/DNA~
rat1o 0.166 5y determined by the method of Morimoto et al. (1974). Thfs

value can be compared to the ratio 0.46 reported by Lgvtrup-Rein and MCEWen

(1966). Other values which have been reported for purifiea‘nueiei from

brain range from 0.60 to 0.32 (Austoker et al., 1972).

Determination of RNA synthesis

The method of McEwen g;_gl; (1972) was used with some modifications
described below. The nuclei Susbended in 100 L1 of 0.32 M sucrose were
added to 400 ,1 of concentrated medium at 37°C. The final concentration.

330 MM (NH ),S

was 2 mM MnCl 100 mM Tris-HC1, pH 8.9, 70 mM KC1,

2? 412504
40 mM g- mercaptoethano], 1 mM each ATP CTP and UTP, flna] pH 8.2. This

med1um is called standard med1um; to it the appropr1ate.amount of 8-3H-GTP
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and unlabeled GTP was added. The final volume was -500 p1. In the preincu-

“bation experiments the concentrations of some components were higher during

the preincubation but were diluted to the standard concentration before the

incubation. When the preincubations were done in 0.32 sucrose the solution

also cpntained.1 mM MgC'I2 and 1 mM potassium phosphate, pH 6.5. The incu-

bations and preincubations were done at 37°C with mild shaking. The reac-_

tidn was terminatedfby the addition of one volume (0§5_m]) of 8% w/v

Na,P,0,, frozen in dry ice and kept overnight. The samples were allowed to -

22’7

thaw while shaking in the presence of 250 ul of ice cold 5% CC13COOH,‘theﬁ:

~ 6 ml more of 5%.CC]3COOH were added. This procedure gave a dispersed pre-
cipitate which later could be efficiently washed on a glass fiber fiber.f
filter (GF/C Nhatman). The samples were kept at ice témperature for more

than 15 min prior to filtering. Subsequently, the éamb1es were Washed 4

times with 5 ml of cold 5% CC1,C00H, and finally twice with cold absolute

“ethanol. The samples on the filters were placed in scintillation vials and

dfgested with 500 ul of So]vene-]OOb(Packard.lnstruments Co.) in order to

- avoid se]f{absorption as observed by us in preliminary experiments and aWso

reported‘by-SiTverman and Mirsky (1973).

DNA determination

' The quantity of hucTéi was estimated by DNA determination using the
method of Morimoto g}_gl;_(1974). In most cases the incorporétion was
expressed as picOmo]es incorporated per 100 pg of nuclear DNA.

Standard-deviation

The standard deviation was expreésed as percent of the value of

the respective average. -

(53

(7
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Unlabeled ribonuc)eoside triphosphates were purcheéed from Calbiochem
(San Diego,'Californie); ATP end_CTP were disodium_éelts:and‘GTP.and utp
were tri]ithium salts. The radioactive 8-SH-GTP and the 5e6-3H-UTP had
a specffic activity of 5.6 Ci/mmole and 22 Ci/mmo]efréspective1y and |
were purchased fndm'New Eng]anvauCWeer (Boston, Masse)}: The bovine
~ serum albumin .was from Metrix (Chicago, I]].).' a—Amanifen was a gift from

Prof. T. Wieland.

RESULTS A
In pre11m1nary experiments it was found that the 1ncorporat1on of
GMP was proportional to the amount of nuclear DNA added beyond the range
used in these experiments. No incorporation was found-when the nuclei
were pneincubated with}DNAaee.' Hore than 80% of the cbunts were solu- -
bi]ized by pancreatic RNAase. At least 70% of the incorporation wes
dependent on the presence of all four nucleoside tr1phosphates

‘Effect of GTP concentrat1on on GMP 1ncorporat1on |

In Fig._Tvis shown the influence of GTP concentnation on the GMP
'incorporatipn et 2 and 10 min. -Tne number of picomoles inCOrporaeed_
between 0.35 WM and 0.71 M 34-6TP was proportional‘to.the concentration.
of GTP and then jncreased more slowly with further incfeases'in concen-
trationv Thedpercent ef'GMP.actua11y incorporated in'10 min was 0.57%
for 0.35 uM and 0.14% for 300 uM GTP when the nuc]ear DNA concentrat1on ,'
was approx1mate1y 200 ug/ml. Similar resu]ts were obta1ned in other
experiments using six GTP concentratlons below 300 uM (results not
shown). Therefore, the dependence of‘inconporation on.the’concentration

of GTP was not dhe to depletion of substrate.
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The linearity of the incorporation with time was’dépendent on the - Do
concentration of GTP; this is shown in Fig. 1B, where wefhave ca1pu1ated
the “percent deviation from linearity". The “percent deviatjon from
linearity" is the pércent differencé Between the hypothefical'intorpoha—
tidn fof a reaction in Whjch the incofporation at-]O‘mians,S'times that o gsé
at 2 min and the actual incorporation at 10 min. hen this "percent - "._ ;

‘deviation from h‘neam‘ty'.l is plotted against log of the'GTP'concentration,

a straight line is obtained (Fig. 1B). The dependence of linearity on'the

 GTP concentration was also observed in several preliminary experiments not-

shown' here. ) ] FEENE ]

'Investigation Qf_the basis for non-linearity

| The next seriesvof experiments were designed to\test_a]ternativé‘
explanations for the non;]iheafity with time observéd'for»the incorpora- -

tion of GTP. TWo.principal reasons for the non-linearity wereltonsidered;'_'

The first (a) was that changes in composition of the incubation medium due |

to destruction or other losses of substrates, changes in pH, or accumula-
tion of inhibitors caused a decrease in incorporation rate. The other pdSQz o

sible reason (b) was that the nuclear. template or enzymeé\ﬂerechanged dUring""

~ the reaction.

tion, aliquots of nuclei were incubated in the medium with 0.71 wM SH-gTP. \ |
: ’ : : : ' i S R TR

(a) E;perfmentlgg_test alteration of medium. To test the first expfanaéf : "J
!
|

After 10 min, additional nuclei were added to some of the tubes._.The results.

are shown in Fig. 2. As expected, the gsua] non-]ineér_reéction was observed.‘ 

However, the éddition of new nuclei resulted in'avbrief period.of_rapid ' _T"‘ |
A incorporationiof GHP followed by a reduction ih rate. This brief period o
of fapid incofhordfioh C]early showed that the decreaséﬂfh rate is not dué‘

to alteration of the medium.
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(b) Enzyme or template inactivation by the incubation'medium; The

experiments done to study the effect of preincubations in non-complete media
on the 1ater'fhcbrpora£ion of GMP by nuclei are summériied in Tables 1 and
2. It was found that only a modératé loss of activity (9 to 18%) took place
when nuclei were preincubated in 0.32 M sucrose containing MgCl, and potas-
siumbphosphate‘buffer, bH 6.5. A similar loss of acfivfty took place if
one or more of the nucleoside triphosphates (llmM) wére'a]so presént during

this preincubation. However, 50% of the activity wés'lost when preincuba-

tion for 10 min was in the'standard medium without nucleoside triphosphates.
This inactivation of the incorporation was increased to 61% when ATP was

'present and to about 75% when ATP, CTP, and UTP were present and only GTP

was omitted, and was 59% in the presenté‘of all four substrates.  The addi- “

tion of either glycerol or bovine serum albumin had a querate_inhibitory’

~activity on the incorporation but did not protect the activitynfrom the

effect of preincubation (Table 2).

Effect of different substrate concentrations on GMP incorporation

A wide range of substrate concentrations was investigated (Table 3).

" The concentrations of ATP, CTP, and UTP were kept equé]-but'varied from

3

0 to 1 mM, while the concentration of “H-GTP was varied fkom 0.24 M to

300 M. '

The results showed that 300 M GTP in the presence of 1 mM of the
other triphosphonucleosides was near to the optimal conditions in terms
of maximum incdrporatibn'and linearity. A further increase of the concen-
tration of the three nucleoside triphdsphates to.2 mM resulted in a decrease
(20%) of the incorporation}(Tab]e 4). But this inattf&étion by  substrates

was compensated for by a further increase in the concentration of GTP. An
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additional increase'of the concentration of ATP, CTP;‘and UTP resulted
again in inhibition of about 12%. |
| Probably there is a comp]iéated relationship bétweén concentration
of‘the'éubstrétes and the rate and linearity of ﬁhe incorporation. This . e

needs to be Stddied more'extensively.

Effect of ionic strength on GMP incorporation at high and low GTP

concentration

1) Ih'Table 5 the effect of ammonium sulfate concentration on GMP
incorporation is shown. At low GTP concentration the méximum stimulation
was at 50 mM_and'a further increase in ionic strength caused a decreaséd
incorporatibn. This pattefn'was nearly theisamé at both 2 and 10 min.'
The 1ihearity of the_incorporatioh was not é]ear]y affected by the ionic
strength. | |

At high GTP concentration the effect of ammonium sulfate,waé dif-
ferent; the maximum stimd1atioh'was observed at 330 mM. Also the linearity
of the incorpbrétion was clearly improved by the high‘ahmonium’su]fate.

' 2) The efféct of ammonium sulfate was studied'a]so bhbthe incorpora-
tion of UMP from UTP at low and high concentration (Table 6). 'The results
‘with UMP inéorpdratibn were similar to the ones obtained with GMP. That
is, at low concentration of UTP the maximum in;brporation waS‘ét 50mM v
ammonium sulfate and at high UTP concentration the maximum was at 330 mM.

K The U/G incorporation ratio, obtained in the conditiqné described in
Tab]é 6, was markedly dependent on the substrate concentration, suggesting
that actually the'type of RNA synthesized is de@endent on the;subsfrate con-
centration.. At low conCentrationvof-the 1abe1ed Substrate_(either UTP or

GTP) the U/G incorporation ratio was smaller than one'and was increasedvby
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raising the ammonium sulfate concentration. However, the effect of

substrate concentration seéms to outweigh the effect of ionic strength

on the U/G incorporation ratio.

Inhibition inafamanitin and actinomycin-D at low énd‘high GTP

concentration

The effect of a-amanitin and actinomycin-D on the incorporation of

GMP is shown in Table 7. At bdth concentratioh$ of GTP, a-émanitin is

equally effective, indicating that RNA polymerase II*i$ resp0ns1b1e for

the incorporatiOn (Kedinger al., 1970). On the other hand, the act1no-

mycin-D shows different inhibition at the two GTP concentrat1ons

DISCUSSION
As was noted in the Introduction, the concentrat1on of nuc]eos1de

tr1phosphates used by different authors for study1ng RNA - synthes1s in

vitro by brain nuclei has extended over a w1de range;_th1s is part1cu1ar1y‘
true for-the']abe]eﬂ nucleoside triphosphate (Slagél & Akers, 1972; Banks
_& Johnson, 1973; Austoker et al. 1972)._-The effect of this wide range

of substrate concentration has not been previousiy reported. AFrdm a prac—
tical point of view, the use of very low cdncentratiqns,of the labeled

substrate is very convenient because it is possible to use higher final

_ Specific activities so that thg total radioactivityvincorporated is éon-

s1derab]y h1gher

‘ The GMP 1ncorporated 1ncreases with the concentrat1on of GTP, espec1a11y
at low GTP concentrations, but the saturation is pot reached at 300 pM.

The saturation'with GTP depends on the concentrationﬂof'the other three

substrates as well.
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It 1svimportant'to note that the incorpofation at 10W GTP_concen—
trations is less linear With time than at higher GTP concentrations
(Fig. 1B). Tﬁis different 1inearify could not bé exp]éined in terms of
exhaustion of substrates. |
1v' Another characteristic of thé RNA po1ymerase ih ﬁuc]ei that was
investigated was its inactivation when preincubated in the absence of
se]ected compbnents'of the medium. The'preincubétion'eXperiments indi-.
cated that the polymerasé activity is moderately labi]e,When the nuclei
are”preincubated in sﬁcrose solution; we found a sma11er‘inactivatfon
(10-20%) than had previously been reported by Thompsdn (]973). Ammoni um
sulfate was found to cause a rapid loss of activity, Qp to 50% with 10 min
preincubation.' The addition of ATP, CTP, and UTP to this high ionic

strength preincubation medium resulted in a further inactivation to

-approximately 70%. Partial and similar results were reported by Novello o

and Stirpe (1969).

Sarkar and Paulus (1972) reported an inactivationvby ATP of a puri-
fied bacteriai RNA polymerase. However, there ace several differencés
between their réport'and our results. In their.system the ATP is more
inhibitory than any other of the nucleoside triphosphates,’whi]e we fdund*
that ATP did not contribufe more to *nactivation than the other nucleoside
triphosphates.. Aiso glycerol did not provide protectipn'from fnactivation,
vcontrary to what they repokted. So it seems that thé.twb phenomena are |
not closely related, but comparisons are difficult because of differences
between the procedurés used. |

The inactivation by ammonium sulfate can be eXp]ained'by the reports

“of Chambon et al. (1965,1967) that the RNA po]ymerase:can”be associated
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with DNA with or without RNA. When the enzyme is associated with DNA‘
only, it is less stable than when it is also associated with RNA. Once
the enzyme is‘dissociated from the DNA it-cannot reassociate in the
presence of.ammoﬁium sulfate. However, the DNA enzyme complex is stabi-
lized when exposed to all four substrates before addition of ammonium
sulfate because it trans forms {nto the DNA-enzyme-RNA comp]ex. We believe
thatithe stabi]ity increases when the ehzyme is engaged in RNA synthesis
~ because then the concentration of the ternary complex would be higher thah
in the absence of RNA synthesis. In fhevpresence of.extkemely']ow'GTP
concentrations, the condftions are very similar to the absence‘of RNA
synthésis.-andvbrobéb]y'many complexes of enzyme-temp]ate‘break intovfree
enzyme éhd template. As this prbcessfis irreversible in the preSenéé of
émmonium su1féte, the decreased concentration pf active ehzyme complexes
results in loss of enzyme activity and therefore a ]eés‘linearvreaction
than at'highér GTP concentratioh, “In that case, the fesu]ts shown in Fig.
1B reflect the reléLive'stabi]ity of the enzyme template complex at dif-
ferent GTP concentnations;‘ |

There are some other differénces between the reaction at low and.high
GTP conc.. ntrations, for example, the stimu]atioﬁ by ammohium su]fafe
Usua]]y the opt1ma1 concentrat1on of ammonium sulfate has _been reported
'to be between 0 3 M and 0.4 M both in 11ver (Pogo _}__l__ 1967; Windell
& Tata, 1966) and brain (Kato & Kurokawa, 1970, and Thompson, 1973). All
these authofs used relatively high concentrations of the labeled nuc]eo?
side triphosphate. Slagel and Akers (1972) and Banks énd_Johnson (1973),

using a Tow concentration of GTP, reported a Tower optima],ammonium sul-

fate concentration. MWe found at low GTP cohcentrationlfn'the standard
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* medium that the stimulation by ammohium sulfate was.maximal at 50 mM. In
contrast, at high GTP concentration the stimulation was maximal at 300 mM.
This may explain the apparent contradiction in the}prévibué reports.' The
concentration of thé remaining three substrates seeﬁs é]éo to influence
the optima]'ahmonium sulfate cdncentration.a- |

Kato and Kurokawa (1970) repqrted that the’sing}e nuc1eoside.tribhos-
phate reaction is maximal at 30 mM ammonium su]faté They also reported'
that act1nomyc1n D st1mu]ated rather than inhibited the s1ng1e nucleotide
react1on as shown by the 1ncorporat1on of ATP. |

Thus the reduced inhibition by act1nomyc1n D of GTP incorporation.

that we observed at low GTP concentration (Table 7) suggests that  -this GMP

incorporation is partially by the single nucleotide reaction. We also
showed that in the absénce of ATP, CTP, and UTP subétantia] incorporation
of GTP occurred, which provided more direct‘évidence of»single'nuc1eosided
tr]phosphate 1ncorporat1on (Table 3). |

In this context, it is probably important tu ment1on the reports of .
Johnson et al. (1969,]971) that 40 mM ammonium sulfate under certain con?_
' difiohs stimu]ates the synthesié of ribosomal RNA in rat liver nuclei. |

: Desp1te the fact that in our report, at low GTP the GMP .ncorporat1on

- is st1mu]ated by low ammonium sulfate concentrat1on and the U/G incor-

'porat1on ratio 1s_1ow, the failure of_act1nomyc1n D to 1nh1b1t is an
indication that it is not.riboﬁomal RNA synthesis. The only other reportéd
“inhibition by actinomycin at low GTP con;entration and high ionic stfength
was in the presence of 400 ug/ml of the inhibitor (S]age] and Akers, ]972),
so the results are not comparable. The extent of inh{bitiOn by actindmycin
at high GTP is in agreement withvother reports (Thompsdﬁ; 1973; Gomez: |

et 1971).

al.,

P
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From these experiments, it ié evident that the substrate concentra-
tions are of crqcia] importance. The changes of thé.characterisfiCS of
the incorporaﬁibh at thé_differénﬁ substrate'cohCenffétions could indi-

cate some form of regulation of RNA synthesis in vivo. It is known that

the concentrations of nucleotides change with different metabolic states
of the brain (Piccolo et al., 1969) and so does the RNA ‘synthesis (Glassman,
1969). While it would be difficult to maintain that the conditions of

incubation used in vitro could possibly reflect the.physio1ogica1 condi-

tions of the "in vivo" nucleus, nevertheless in many occasions the results
of jﬂ_vitro'incorporation reflected the “in vivo" physiological state of
the animal (Salaman » 1972; Pogo et al., 1966; Franze-Fernandez and

et al.
Pogo, 1971; Haywood et al., 19705 Windell and Tata, 1968).
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ON ON THE INCORPORATION OF GMP BY NUCLEI

P

- TABLE 1.--EFFECT OF PREINOUBATI

Components of the standard o GTP Concentratidn during incorporation
medium omitted during pre- . _ 0.7 M ; 300 uM
incubation - _ ' Time of incubation
’ 10 min : 20 min
~ GMP incorp. % Inactivation. GMP incorp. % Inactivation
.pmoles/100 ug DNA o ~ pmoles/100 ug DNA
Non-preincubated control* 33t 321 1
- - A1l components omitted, | . o +
preincubated in 0.32 M sucrose ' 2.7 - 4% 18 291 - 5% 9
» v . + : 0
(NH4)2304, GTP | - - 225 - 13% 30
ATP, CTP, UTP, GTP - Coastnag 55 156 Tep 51 .
CTP, UTP, GTP | | o I 126 133 61 E
8-3n-6TP o o6t 0 |
GTP | o - 131 Y91 59

R *Prgincubations=weré at 37°C for 10 mih; »The.preincubatiqn VoTume wa$_480 Q]nin‘tubeSOWifh fiha]
O.?]luM GTP. HoWeVef,:tHe‘breincUbation'vo1Ume was 100 n1 for tubes of both GTP concentration when
preincubated in 0.32 M sucrose, 1 mM MgC]z, 1 mM potassium phosphate, pH 6,5.' For the. tubes with

a final conceﬁtration of 300 yM GTP, the preincdbation volume was different in every case, as follows:

In medium without (NH4)ZSO4 and GTP, 410 uT; in medium without all nucleotide triphbsphates, 400 u];



TABLE 1 (Cont.) | |

without CTP, UTP, and GTP, 420 ul; and in the medium without 8-H-GTP, 480 wl. Hith the exception
of preincubation in sucrose, the pH was 8.2 during preincubation and incubation. At 0.71 uM GTP

fhe incorporations at both 2 and 10 min wére_done, bﬁt as the percent inactivation was similar at 10
and 2 min,'the latter are nof shown;: At 0.71 uM GTP and at 300 wM GTP, 2 and 4 uCi of 8-3HfGTP were

present réspective]y; The volume during the incorporation was 500 ul. A1l determination were dbne

in quadruplicate.

—8'[.-
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TABLE 2.--EFFECT OF PREINCUBATION IN MEDIUM WITH OR WITHOUT NUCLEOTIDES ON THE INCORPORATION OF GMP.
 AND THE EFFECT OF ALBUMIN AND GLYCEROL ON THE ACTIVITY.

Components of the '  Media during incorporation
medium omi tted Standard -+ o  Medium with - _  Medium with

o medium . ' 100 ug[tUbeAa1bumin glycerol, 10% v/v

GMP incorp. % Inactivation GMP incorp. % Inactivation GMP incorp. % inactivation
pmoles/100 ug DNA pmoles/100 ug DNA ‘pmoles/100 ug DNA

‘Non-preincubated + = ' _ + _ .+
controls 341.6-11% e - 300.0-12% _ 247 .5-7%
ATP, CTP, UTP, . B N | . |
GTP ' 178.9-27% 48 169.5-8.5% . 43 117.6-18% , 52
S - . _ o ., | _ .
GTP 91.0-11.4% 73 99.5-23% 67 57.4-43% 77

Nuclei were either incubated in the standard medium for 20 min (see METHODS) 6r were preincubated 10 min
at 37°C in the medium without nuc]eqside triphosphates or with the medium containing 1.2 m4 of ATP, CTP,

f aﬁd UTP; The preincubation voTume Qas 440 ﬁ1; after 10 min,b8O p]AOf the remainiﬁg componehts necesséry,

' to complete the‘médium were added and'thé iﬁcorporation of'GMPJwés allowed fof 20 min. The volume during

the incorporation was 520 ul, . the concentration of GTP (4 uCi) was 3OOVQM, and the cdncehtratiqn of DNA

- was 146 ug/m]? The pH was $.2. .The determinations were done 1in quadrup]fcateg in the presence of 4 uCi

of 8->H-GTP and 77.6 ug of DNA.

61~



TABLE 3.--EFFECT OF CONCENTRATION OF NUCLEOSIDE TRIPHOSPHATES ON THE INCORPORATION OF GMP

GTP ' : " Time of ‘ Concentration of ATP, CTP, UTP, uM each

concentration ' ' incubation 0 0.35 10 300 1000
uM ' : min : picomoles incorporated per 100 ug of DNA
2 2 .49 .38
0.24 : _ _ , .
10 - .61 . 1.3 .98
Devjation'from linearity 41% 45% 48%
2 .45 - | 9.6 7.7
10 - '
10 1.06 : 28.6 23.5 - '
Deviation from linearity - 53% : 41% . 39% ?f
2 11.0 5.70 26.3 66.4 56.2
300 , '
) 10 11.6 5.70 24.8  157.6 214.5
Deviation from linearity 7% 80 813 5% 23%

  ;The‘nuc]ei were fncubated'in the standard hedium but with different nucleotide conbehtrations,
‘as shown in the table. The values are picomoles incorporated per 100‘gg DNA at 2 min and 10 min.
The deviation from linearity is given as percent and is defined in the legend to Fig. 1B. The deter-
mfnations were ‘done in dup]icate and 4 uCi 6f 3H-GTP were added to 10 uM'and 300 uM GTP containing

tubes.
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TABLE 4,-~INHIBITORY EFFECT OF HIGH CONCENTRATION OF ATP, CTP, AND UTP
| " ON THE GMP INCORPORATION |

picomoles incorporated per 100 ug DNA in 10 min

v GTP, mM - - ATP, CTP, and UTP concentration
1M 1.5 mM 2mt  3mM
, + . + : +
0.3 o 186.1 - 13.8 185.3 - 8.4 149.9 - 6.6
1.0 | " | 228.9 ¥ 12.5 164.2 ¥ 10.1

The determinations were done in QUadruplicate; 4 uCi of 3H~GTP were.’
added to each tube. Unless otherwise stated, the conditions were as in

Table 3.
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TABLE 5.--EFFECT OF DIFFERENT AMMONIUM SULFATE CONCENTRATIONS'ON THE

3

INCORPORATION OF GMP FROM EITHER 0.35 wM “H-GTP OR ‘FROM 300 uM

(NH4)2504 picomoles of GMP incorp. picomoles of GMP incorp. Deviation

conc. ' per 100 pg DNA per 100 ug DNA from
(mM) ' : in 2 min ‘ ~ in 10 min linearity
| | | (%)
0.35 uM GTP
0 . 0.18 T 4.5% C0.41 Y5y 59
50 0.40 ¥ 6.33 ~ 0.67 T 8.4% 67
150 o33ty  0.57 £ 0.2 65
330 0.2t 2sy | 0.56 9.2 56
300 M GTP | ,»
0 17870y - 25.8 % 14y 70
50 2.0t 28.8 ¥ 7.1% o
150 33.8 ¥ 5.2 ',‘_ | 53.8 Y 8.3 68
: teg LRI 35

330 S 391 ¥ gy 125.9

Nuclei from rat cerebral cortex were added in 100 ul of 0.32 M sucrdse;

1 mM MgCl,, 1 mM KH,PO,, pH 6.5, to 400 ,1 of solution, so that the final

2°
_concentratioh expressed as mM was Tris 100, KC1 70, g-mercaptoethanol 40,

: MnC]é 2, ATP, CTP, and UTP each 1, and GTPVeither 0.35 1M or 300 pM. Nhénv
the GTP concentratioh was 0.35 pM, each tube contained 1 yuCi of 8-3H—GTP;

' when the'concent}ation was'300 M, eéch tube contained 4'pCi per tube. The
- pH during the incubation was 8,2. The incubation wasidone at 37°C. The
resu]ts_aré expressed as pm61es incorporated per 100 ug of nuc]eér DNA.. The
actual émount of DNA added to each tube was 102 ug. A]]_detefminations were

- done in quadruplicate.

L
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TABLE 6.--EFFECT OF DIFFERENT AMMONIUM SULFATE CONCENTRATIONS AND LABELED
NUCLEOSIDE TRIPHOSPHATE CONCENTRATIONS (EITHER UTP OR GTP) ON THE RATIO
OF LABELED UMP AND GMP INCORPORATED BY RAT CORTICAL NUCLEI

" - (NH,y),80,  pmoles of GMP incorp. pmoles of UMP incorp.
conc. dﬂring'lo min/100 g DNA‘ duriné 10 min/100 pg'DNA u/G
il (mM) ’ ' B
Conceﬁtration of 1ébe1ed nuc]eoside triphosphate, 0.4 ﬁM
o 0.35% 61 03 i 3.4% 10.38
50 0.679 Y483 0.366 * 5.5 0.54
330 oy - 0.330 * 2.7 0.63
| Concentration of labeled nucleoside t}iphosphate, 300 M
0 - 28.5 % 4.4y | 35.3 ¥ 5y 1.24
50 3 i 54.1 T 1% IR WY
330 0.0 f oy | 224.2 %

4.5% 1.51

‘The actual amountvof DNA per tube was 68 ug. At 0.4 uM of the labeled
 nucleoside triphosphate 1.14 uCi were present, and at'BOO uM, 4 uCi were

|

|

|

|

|

|

|

j The conditions were the same as in Table 5 unless otherwise stated..
|

present.
|

\

!
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TABLE 7.--INHIBITION OF GMP INCORPORATION BY a-AMANITIN AND ACTINOMYCIN D
AT LOW AND HIGH GTP CONCENTRATION -

- GTP concentration - | .

0.35 pM - - 300 M
"~ picomoles incofp; Inhibition picomoles incorp. ' Inhibition ?
| % B %
Control 2,27 Py | 331 ¥y
a-Amanitin’ 0.16 * 18% 93 18.9 I 302 94
tar 16 45.3 ¥ 37% 86 -

Actinomycin D . 1.89

The incubation was done in the standard medium; ].pCfvof 8-3H-GTP was
present in tubes with 0.35 uM GTP and 4 uCi in 300 uM. Thé.incubation time
was 10 min; to appropriate tubes 1.28 ug of a?amanitin or 1.5 ug.of actino-
mycin were added. The‘fina] volume was 500 uy@ith 47 ug of nuclear DNA per -

rs

tube,

L
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| FIGURE LEGENbS
Fig, 1,--(A) Effect of GTP conéentration on GMP incorporation at 2 and
10 min. 'Nuc]éi (corresponding to 108 pg of DNA) were incubated for
2 min (-e-e-) or IO.min (-0-0-) in the standard medium with dfffekent
cOnCentfations of GTP as fndicated. The 0,35 ﬁM GfP‘had 1 pCi‘8-3H-GTP
per tUbe;‘the_0;71 uM GTP had 2 pCi;” In both cases labeled GTP was the

only GTP added. At 10; 100, and 300 yM GTP, 4 uCi of °

HfGTP were added
with an appropriate amount of non-labeled GTP. The incorporations are )
expressed as piéomoles incorporated per 100 ug of DNA. The verfiéal bars
kare the standard deviations. The incorporations at 0.35 uM and 0.71 uM
GTP are shown in an expanded scale in the inset. : |

(B) Effect of GTP concentration on the 1inearity of GMP incorporation.
Percent deviation of 1inearity, between 2 ahd 101min, isvthe percent dif-
ference between the.hypothetical incorporafion at 10 min and the actual
| incorporationtat 10 min. The hypothetical incorporation at 10 min i;
calculated assumfng that the incofpbration is linear between 2 and 10 min;
~ that is, at 10 mfn'the'incorporation is 5 times the incorporétion at 2 miﬁ.
Fig, 2.--Nuclei containing 28 ug of DNA were incubated'for different timeé
up to 20 min; toyéome of the tubes additiona]'nuc]ei‘wefe added (1e g of
DNA in 25‘p] Ofv0.32 M sucrose ] mM), and the ihcubation'was COntinued4for
2, 5, or 10 more minutes. The standard medium was used. The concentra—,;

“tion of GTP'was 0.71‘gM and 2 uCi were present in each.tube; The values

shown are means of duplicates.
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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