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| INCORPORATION OF FORVATE ell‘ INTO NUCLIJOP"-ZOTEID»: =

AND ALBUMINB OF EXPERIMFNTAL TUMORS

; fFollcwing 8@ tranelation of un urticle bJ

V. &. Kiveonovh and Yu. S. Gurevich-Usyskino of

"the biochemistry laboratorJ of the Institute of

" Experimental Pathology und Therapsutics of

., Cancer, USSR Acadery of Medical Sciences, Mosoow R
" The “article appeared in thée Ruseiun language period~ o o

~iénl Voprosy Meditsinskoy Khimii (Problems’ of - At e
 Medicol Chemistry), Mbeccw, Vo;. VT, No 5, 1990, T

JPGSGS 25”-259 ‘ : o

- In studying cqmbined chemotherapy of experimen al tumo s;’~ -
'_nterest was aroused 1n ‘comparing the inclusion of formate -C o
in vivo and in vitro into nucleic acids (NA), and’ in our discovered
active lubile protein fraction of aecitee cells, ‘of 'w solid ¢ :
ynhrlich'e “tumor and & Crocker scrcomd. MLny studies /l h/ were
devoted to the bioeyntheels of “NA in ascltes cells, but they did.- o
not eufiiciently examine the 1ncorporation of togged fore-runnere B
in the protein froction of" nucleoprote;ds or the authore were dealirg
‘with o fraction different from.that which ve. encountered in experl-‘*
Lenne with ascites cells [s5]. ' L R SR
© . -METHOD OF INVEoTIGATIO :
For comparing the inciusion of- formute-Cl ‘into” ascitee celle
and the solid tumor we-uged normcl white mice of 18-22 g.« One groun
of animals was given 0.2 ml of dscites” intraperltoneally the” other‘f
eubcutaneously.* Experiments with aecites began aftex' '6-8" days- '
following inJection, with eubcutaneous humor - dfter 14 days. The :
experiment was performed on 300 mice. ) E :
In in vivo experiments foruute-cl was introduced 1nto mice
uhree hours before the experiment in‘a dose of 10, 000 imp/eec per
om of body weight, and in’in vitro experiments -:49,0600" imp/min per
gram of gross welght of ascites cells or- tumor tiesue., Tumors or ‘
agcites cells were token from -8 mice for analysis. “In in vitro
experiments the usciteés were collected in small ice-cooled f flaeks
o centrifuge tubes. Hepurin solution, diluted 40 times {(the’ bas*c
Lsperin solution contained 5,000 units/ml) was used to'dvoild ccagula-
tion in the syringe (0.02 ml solution per ml of ascites). .scites
cells were sepurcted by centrifuging, washed twice in ice-cold physiolog-
ical solution ané weighed. In some erreriments 8 ml of centrifuged
ogeitic fivid was odded to one gram of cells, in other experimente
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- 8 nl of Krebs-Ringer phosphate buffer, pH 7.4, to which were cdded
0.25 ml of a 4% solution of nicotinic acid amide and 4C% solution of

glucose or 0.4 ml of mouse liver homogenate prevcred by the method

 of Schulran et al. /é/. (Buffer composition: 100 parts 0.9% haul

4 parts 1.15% KC1l. 3 ports 1.22% anhydrovs CcCl,, 1 part 2. 11% KH,

1 part 3.82% MeSOy. -TH,0 and 2 parts 0.1 M 50¢ut¢on of phosphats buffgr

pH 7.4, 17. 8 g NﬂaﬁPO -2H0, and 20 ml 1N EC1 solution in 1 liter
1istilled voter.)” Thén formate and witer to 10 ml were cdded,
Following which the suspensions were incubated with constant agitation
on o woter thermostut at 370 under cerobic conditions.

In the first tests incubation was continued for 2 hours, in
loter tests for 1 hour since it was discovered the formate is intensively

inecorporated Into ascites cells after fifteen ‘minutes following its

addition, ond activity after 30 minutes is only insignificantly lower

thon after an hour's incubotion, and then it does not change to any .
significont extent for four hours. . ‘

On completion of incubution the smcll flasks received addition:1ly
D.44 ml of 9.3 N solution of HCl0), for every 10 ml of suspeneion, i
samples wore cooled in an ice bath for 30 minutes and then nucleoproteidc
7ere separcted by a previously described technic /7,8/ Fractionation \
of deoxyribonucleic acid (DNA) and ribonucleic ocid (RNA) was done by
iwo methods: by o scmewhat revised Odzhur method /7,8/ ond by u com-
»ined method. In the combined method fractlonation w8 done as follows:
100 mg weighed portions of dry nucleic ocids were hydrolyzed in centri-
1uge tubes with 3 ml of 0.5N KOH solution at 37° for 18 hours, cfter

which the tubes were cooled .in an ice bath cnd DNA together with
albumins were precipitated with perchloric acid (final concentration
5%). .After stonding for 30 minutes in an ice buth the fluid contuining
BNA and the hydrolysate of the active labile fraction of elbumin wes
gepcrated by centrifuging, and from the precipitate, following trip.,
woehing by 3% HCL0, solution in the cold, the DNA was extracted /7,8/.

The specific activity of RNA and DNA fractions were determined
as described earliex /7/ _end were expressed in impulees per minube ’
fdeduction for background radiation) with conversion to 10 mg of dry
nucleoproteids. DNA and RNA content were determined by the
diphenylamine and orcin reactions and were exnressed in percent of
the dry substcnce. Meun values of the two parallel determinctions
ore presented in the tables. & deviation of up to lO betwesn parallel
probes was allowed.

In in vitro experiments with solid tumors the same amount of
buffer and other ingredients per gram gross tissue weight wus added as
was the case with ascites cells.

EXPEZRIMENTAL RESULTS AND THEIR DISC USSIOW ,
[ number of investigators /1 and others/ pointed out the advan-
toge of conducting expe“iments with ascltes cells in vitro in uscltlc
fluid und the necessity of ddding extracts or homogenates of pigeon or



mouse l*ve“ In the first series of eyperiments we elucidated £he
optimal conditions for conducting in vitro experimenue with &BCltGS Gelily
of Ehrllch.\ Results of one of . the typ*ca experlmente of this eeriee
are presented in table l o ) S
o Table 1 : Vool omE b -
Specific ,ctivitV'o? NP DFA, RNA and Content of Nu 1n.Ascites Cells cf
: . Enrlich Under Vurious Conditions of Incubation S

—= } RS T ~ % cortent
Composition of Soample % S RNn T
I T SRR S = S I I II <t
Asch_tes‘cel]‘_s p]_us . T : L e ‘. Lot e
ooseditic fluidd - o 61 13 o0 30 0 2470
hgcites cells plus »
buffer plus liver . .
homogeqate S ag2c 21 10 79 55 6.8 1 T.h kg bk
Ascltes cells plus .f "‘ - | ' B
gennte ‘plus. glu- o R ‘ 7
~ cose plus » o o - , o
nicotinamide 541 37 koo 218 1ik2 7.8 7.6 4.8 kL.¢
iscites cells plus
buffer plus glu- . C ,
cose plus . . . L o . e L
nicotinamide - 53531 383 173 138 7.8 8.0 4.7 h.j

VNOte' I is Oﬁzhur method ; fI‘*e ceﬁbinéd meﬁhed

From table 1 it i1s evident thot the lowest specifzc ctiV1ty of
p (nucleoproteid) was produced in the variant in which bioeynthesis
vwas performed in ascitic fluid. Addition of nicotiniiuacid amide
considerably increuses the incorporation of formate-C 1 in NP and M.

In vitro experiments on the study of formate—c incorporation
in ascites cells of Ehrlich are most expeditiously conducted in a
mediumnm conelsting of & buffer with addition of glucose and nicotln&milc.
And this medium was further employed.

. In comparing the specific uctivity .of DNA fractions and esp901a'ly

of RNA, separated by.the different methods (Odzhur .nd coﬁbined),
gharp dlfference is seen, since RNA and DNA content differ only lnslg-
" nificantly (by 2. 5-8% The RNA fruction, seporated by the combined
method. (hydrolysis with 0.5N KOH solution) , was 7-12 times mors
active thon that separcted Hy the Odzhvr method (hydrolysis with H"lOL,.
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Tho DNA fraction, on the contrary, was more active in the separation
by the Odzhur method. Results of this and many other experiments
(see tcble 3), in which the specific activity of DNA and RWA fractions,
seporated by different methods, were at sharp variance while tvhs RIA
and DNA content were approximately identical, probable indicate the
presence in ascites cells of some substance (or substances) actively
incorporuting formmte, and with bonds labile to nucleoproteids of
non-NA but apparentiy albumin ncture. This substance hydrolyzes realily
with 0.5N KOH solution and is shown in the RNA fraction on sepcration
of NA by the combined method. With hydrolysis in the cold with

HC10, by the Odzhur method it is not cleaved and does not contominats
" the ﬁNA froction but then hydrolyzes particlly in the separation of
DNA ut 80° and 1s reflected in the speciric activity of this fraction.
On hydrolysis this active substonce disintegrates into low nolecular
£yogments, preoducing o burette reaction, but not precipitating with
alecohol, trichloroacetic and psrchleric ocids. ' ' v

In tuble 2 results are presented which were derived with solild
tumor of Ehrlich and other mouse tissue in on in vivo experiment.
Two groups of animals were employed: control and dopan-treated.
Table 2

Specific Lctivity and RNA ond DNA Content in Solid Ehrlich Tigor and

Certain Tissues of Control and Dopcn-Trected Mice (formate-C™  iIntroduced

in vivo)
Specific activity % content -
ObJect of study R DI TV DA
I I I I I II I I
Tumor  Control.. 59 1lo 52 52 3.1 3.1 5.0 5.
Dopun.... 104 128 6C €0 L. k.o 67 6.2
Spleen Control.. 182 269 387 682 5.2 5.2 16.8
" Dopdne.... 232 385 L455 766 5.7 5.7 15.8 13.8
Liver Control... 37 12k 51 42 6.2 6.2 4.3 3.3
Dopen... ho 116 51 hi 5.9 5.9 3.8 3.k
Small ~ Control ,
intestine  plus ‘ - ’
S Dopan... 24g ho2 17k 178 6,4 6.0 10.0 1lo.0

Note. I is Odzhur method; II is combined method.

‘It 18 evident from table 2 thut upproximately ldentical amounts
of RN: were determined by the different methods. However the content
of DINi. by the_combined_method in most cases was slightly lowered,

" possibly due to labile DN4 /5/. The specific cctivity of RNA derived
by the' coribined methold 1s in all tissues higher than in the RNA -

geparated by the Odzhur method. The specific activity of the DNA fracti:

of the tumor’and‘smﬁll intestine derived by the one or the other method
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s identical, ln the liver sllgntly higher in" the Odzhur method,

but this can be cuused by < somewhat more’ comhlete extraction of

DNA from the liver by the Odzaur rethod b stronglv increased '
specific activity of DNA of the syleen, fr“ctionated by “the "combined"
method is apparently coused by~ the presence of some substances
actively incsrnorcting formate, which are more’ easily hydrolyzad

by hot perchloric acid than by a 0. 5N solution of KDH

It is evident from the datd in tobles 1 and 2 that thev33 :

readily alkalihydrolyzad froction inteneively incorporﬁting formate is

contained in various tissues, but in rela vely lesser qucntities
than in ascites cells.

The Odzhur method is not suited for the determination of
specific activity of RN and DNA of ascites cells, although it ie

. . quite acceptuble for work with solid tumors and tissues of mice ani
. rats. Altogether unacceptable sre the methods ‘astording to which

RNA is extracted in olkali hydrolysis: In fractionating RNA from

‘;;‘ascites cells by the OGdzhur method the labile -active alburiin fra ction

does not vemain detached from nucleoproteids, but is partially -

hydrolyzed in the further extraction of DNA by perc hloric scid at 86°

In extraction of RNA by ‘the conbined method, the active labile

fraction is simultaneously hydrolyzed, but the DNA is not contaminnted.
The @dzhur determinotion of RMA (in two Weighed portions of

50-100 mg of dry nucleoproteids) DNA determinttion by *the &oubined

method (in two different weighéd portions) cumbersomely réquires a

. lorge quantity of materiul Ve made “the assumption thut 1t 'is

possible to- extract irom one and the' sume Weighed portions the FNA
by the odzhur method, to “then hydrolyze the active labile fraction .
with KOH, «nd to extract DNA by the Odzhur method from the: residue of
zlbumin and DNm.separated fron the' hydrolysate., To elucidete this
possibility a number of experiments were conducted which disclosed
that «fter processing one cnd the ‘stme welghed portion ot first with

- perchloric acid and then with KDH, the DNA partiﬂlly possds into

“ non-precipitable form, parti 1y disintegrates, and gpeers in tha
final fraction only in ;- of the initial quantity..

Also unzcceptable wos the 1owering of 'the KOH concentrcticn
to 0.25N, since here part of the lebile fraction passes into the
RNA fraction and port into the DNA fraction.” “Experiments were per-
formed for the extraction of RNA and DA with lower concentrotions

.of perchloric acid. It turned out “that in frcctionation with 1N and
~ 1.2V BClCy uwp to 2c-3o% of the RNA remained unextractea (6 cnglochﬁ
. experiments with different uSCitGS) “In extrcc tion of DNA with'

0.5N HC1OY - solution the DNA wos. completely eparated, but ~~~~ vt the
scme time nonetheless ‘some quuntlties of the hydrolysute of ‘the

glabile albumin were also extructed, whlch disrupted the determination
- of the sbecific activity of DNA o
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In further work the specific «ctivity of RNA was deternined by
the Odzhur method, and.DNA in two other woighsd portions - by the
combined method. .The difference in actlvity of RNA separcted by the
combined method ond by the Odzhur method represents the activity
of the hydrolysate of the labile clbumin fraction. o

., .In toble 3 thg_fesults %ﬁe presented for the comparison of
in vivo ¢nd in vitro formute-C incorpor.tion into uscites cells
and solid Ehrlich twmor (in vivo). Tt should be noted thot in the
80lid Ehrlich tumor and in the Crocker scrcom: in in vitro experi-
‘ments the inclusion of formte wue very insignificant, «nd' sometimes
was ultogether without evidence, for which recson the results of
these experiments are not vresented Lo o

‘jﬂbbie 3. ' :

;qaﬂ:%mﬁmAmwﬂymdmcmmm1nMﬂmhammma _
(hject 1Condi- ~‘Specific &ctivi¥§ Content (%) = iSpecific activity of Ri.!.
il - ltions - !4imp/min per 10 ng ' iSpeciic gotivity of LN.(L
sovesti-jof - RIG DI RN IDNA — o o
‘aation~_‘experir t;i T S R F found | crith-|error tel&:

S |memt | T | ‘ ol il potic | + fpilit
" ) mean %ﬁ
I 1177 €
. oo
4acites |in vivo | 1211205| 78 |43 [9.14]8.2]5.7 5.0 2.8
. - 87 12091 80 |66 18.6{7.5|5-8]5.3| 1.3 :
43 {112 55 [23 |7.1]6.9|5.4 (5.4 1.9 |1.9 0. 32
] 52 |148] 60 |33 [8.418.416.816.0] 1.6
~ |in vitrol 17 {188 139 |52 {7-6{7-6|5-T |2-0 0.3 T=k.
... 13 |210 oy {59 [9.5(8.2(5.35-3 0.25 0.31  [:0.034
1 10 | 62 Lok |36 |6.9(6-8|5.8 .71 0.3 =
- 1 23.1273 o |81 B.6j0.1]6-816-3] 0.k N
StboutonAin vivo | 92 (193 {73 |68 4.3 L.75.2 4.5 1.h
.eous b7 o2kl |39 3.7{3.8 5.1 p.7{ 2.2 {1.30  (t0.115
tumor ‘ 86 {139|63 162 3:613-6 53 5-3 1.4 L
T 59 0|52 |52 [3-113.15.0 50! 1.2

" “Note. I i Odzhur method; II is corbined method '

o - It.is evident from tcble 3 th-t in nost cuses somewhnt more
RNA ond DNA is extracted by the Odzhur methnod thon by the combined
method but fundumentally the difference does not exceed 10-15%. In
contrust, in some coses a higher content of N is deternined by the
combined method. . +nd in these experiments a shorp increase ~f tle

- gpecific.cctivity of RNa was.disclosed in frectionation by the com-
bined method due to hydrolysis of the active lubile clbumin fractiox.

In experiments with ascites cells in vitro the specific activity of
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the RNA fraction by the corbined method was 4-6 times higher thon

by ‘the ‘0dz hur nethod, ‘and in in vivo experiments - 2-3 times higher.
In in 1 vivo tests with ‘8011’ tumor the rad;oactivjtj ‘of "RNA “seporated
by the ¢ comblned nmethod was l—-2 times higher thun by the Odzhur

method. In the solid tumor tne specific activity ‘of DNA by the -

Odzhur ond cowbined method wos approxim.tely ldentical.: In experi-
ments with ascites cells the separation of DNA by the Odzhur method
disclosed o contarinotion by the hydrolysate ‘of the highly aetive”

‘albumin fraction.

-By comparing intenslve formate C 1h. 1ncorporation 4nto RNA -
(fractionated by the Odzhur method) cnd in DMA (fractionited by the
combined method) in in vivo gnd in vitro experiments it is seen thut

formute "inélusion into RNh is shirply depressed in- in vityo ‘eXperimenis.

... Analogous results are produced even in ex pepiments with as01,es
and solid tumor ‘of Crocker sarcoma. In certiin experiments ‘Wwith-.
ascites cells in vitro the rutio of specific-zctivity of RNA to activ~ty

. of the hydrol"sate of the labile albumin fraction approached 1: 25,
-"thot is, the albumin ‘fraction in these experiments ‘was - re;atlvely

greater than in experiments in vitro with ascites cells of Elrlich.

The ratio of specific activity of RNA tnd DNA 1In ascites cells of

Crocker sarcoma in experiments in vivo was 2.4 0. 5, in vitro - 0.2 0.07,
in so0ild tumor in experiments in vivo - X.l. .- -

CONCLUSIONS . ,

1. 1In oscites celle of Ehrlich ané of Crocker sarcomw o lobile
substance (or group of substonces) was discovered, apporently of
Glbumin noture, actively incorporating formate-C*", readily hydrolyzed
in alkall in the cold ond more stable to perchloric acid. In experi-
ments in vitro with ascites cells of Ehrlich and of Crocker sircor
the specific activity of the hydrolysate of this substance wog §-25
times higher than that of RNA and in experimente in vivo - 2-3 tines
higher. ,

2. In the fractionation of RNA and DNA from nucleoproteids
of ascites cells, the RNA should be extrocted in the cold with 1.7N
solution of HCl0y,, and the DNA should be precipitated from alkaline
hydrolysates of parallel weighed portions with albumins, and following
separation and washing of residues the DNA should be extracted firom
the latter with 0.5N solution of HC1lo, at 80° b{ the Odzhur method.

3. By compuring the degree of formate- 4 incorporation into
nucleic acids of ascltes cells in vitro and in vivo o shorp depressica
of incorporation into RNA in experiments in vitro is discovered.
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