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SUMMA R3f  

The molecular paramete~;s of the high molecula!; wright, ribolu]deie acid, prepared 
froln Ehrlich ascites tumor  cells have been determined. This RNA appears to consist 
of two main components  of molecular \veights of 2.3" IO 6 and 3.2-~;o s. U:i&,w con- 
ditions close to physiological, these molecules can be described best as co]!~p~,ct rods 
40-45 ,~ in thickness.  

* ]5asterla -Ut i l iza t ion  R e s e a r c h  a n d  D e v e l o p m e n t  ] ) ivisJoIL Agricuitura.~ 5~esea;Tcb Ser ' , iee ,  
U n i t e d  S t a t e s  D e p a r t m e ~ l t  of A g r i c u l t u r e .  
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INTRODUCTION 

The discovery of GIERER AND SCHRAMM 1 that  TMV ribonucleic acid (RNA) carries 
the viral infectivity has precipitated a number of studies on the molecular state of 
this material. As a result, GIERER has shown that  the molecular weight of the infective 
RNA is close to two million 2, and that  TMV-RNA is a monodisperse substance. 
Further, GIERER has found that  with a change in ionic strength of the medium this 
RNA can undergo a reversible transition from a compact to a loosely coiled structure 2. 

Since the preparation by COLTER AND BROWN 3 of high molecular weight RNA 
from the cytoplasmic fraction of Ehrlich ascites tumor cells, it became of interest 
to characterize these molecules which are mammalian in origin. In preliminary 
reports ~,4 it has been shown that  the high molecular weight fraction of this RNA 
is paucidisperse. I t  is the purpose of this paper to present a detailed description of 
studies on the physical-chemical properties of these RNA molecules in solution. 

EXPERIMENTAL 

The RNA was prepared by the phenol extraction technique according to the method 
of COLTER .aND BROWN a. Following the phenol extraction, the high molecular weight 
RNA was precipitated in each case with i N NaC1. Sample I was lyophilized, sample I I  
was frozen and stored at - - 4  o°, being thawed only a few hours before use. Before 
light scattering measurements these samples were dissolved in o. I ionic strength buffer 
(o.o2 Na phosphate, o.o8 NaC1) of pH 6.8 (sample I) and 7.o (sample II), dialyzed 
overnight against it in the cold, and the dialyzate was used as diluent in the light 
scattering measurements, carried out at 25 °. In the case of sample I I I ,  the pellet 
obtained on centrifugation of the salt precipitate was immediately resuspended in 
a cold pH 7.o buffer (ionic strength: o.oi Na phosphate, o.14 NaC1), dialyzed for 
2 h against the same buffer at 6 ° with stirring, and promptly used for the light 
scattering measurements at IO-I2 °. 

The light scattering measurements on samples I and I I  were carried out at 25 ° 
in a 2o-ml WITNAUER type ~ cell on the BRICE photometer 6 with 2 mm slit optics 
between 25 ° and 135 °. The solutions were clarified by preliminary centrifugation in 
a Spinco Model L* centrifuge followed by filtration through an ultra-fine sintered 
glass filter of special designT, s. Dilutions were carried out using a modified DINTZlS 
technique 9. Successive concentrations were measured in a single cell, starting with 
pure solvent, using a microburette for addition of a concentrated stock solution and 
mixing with a magnetic stirrer. In the case of sample I I I ,  all manipulations and 
measurements were made at IO-I2 ° unless otherwise stated. Solutions were prepared 
by  quantitative dilution of the stock solution. Light scattering measurements were 
made between the angles of 19 ° and 14 °o with I mm entrance slits in the photometer, 
using a recently designed cell 1°. The latter, which consists of a cylindrical celP fused 
to an ultrafine filter, permits rapid angular measurements on as little as 8 ml of 
solution without the necessity of transferring solution from filter to cell. By using 
a separate cell-filter for each solution it was possible to clarify six individual solutions 
and to measure their angular envelopes in less than 2.5 h. 

* Ment ion  of th i s  c o m p a n y  does not  cons t i tu t e  an  endorsemen t  of i ts  p roduc t  to  t i le  poss ible  
d e t r i m e n t  of o ther  compan ies  not  ment ioned .  
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Concen t r a t i ons  were m e a s u r e d  b y  u.v.  abso rp t ion  at  260 ns/~ us ing  the  a b s o r b  
t i v i t y  a of ~>o  1 g * cm t The  va lue  of dn/dc used  was 0.~7~64. Sedim,usta,qon distri-- 
b u t i o n  curves  were der ived  from u . v  absorp t ion  d a t a  ob t a ined  with the SpJneo 
Model E u l t r acen t r i fuge .  

J~E.--I U ~  ky AND DISCUSSION 

/$lEec~dar weigkt~ and si;~ of RA:A 

The l ight  sca t t e r ing  d a t a  were p lo t t ed  in a]l cases in ZIxaP ~ ~nd Y/~-c- ~ pJot>, 
a n d  showed a weak  angu]a r  dependence .  The  presence of some po/3dispcrsJf 3. wa> 
a t t e s t ed  to b v  the  sl ight c u r v a t u r e  of the  zero concen t ra l Jon  envelopes.  TEese r<~uirs 
are p r e sen t ed  in Figs. z, 2. a n d  3 for Samples  I, U a n d  I I I ,  respect ively.  7 h e  radhn-~ 
of gyra t ion ,  the  molecu la r  weight  o b t a i n e d  a n d  the  pa r t i a l  speci~c ~,o}nme o} I~N ~ 
(0.528) ]a are i ncons i s t en t  with a spherical  mode].  The  rod mode],  fou::_,d by , ~-,o>,, 

• i ~ the  ... i n  e l e c t r o n  m i c r o s c o p i c  s t u d i e s  >~ ~s i n  r e a s o n a b l e  a g r e e m e n t  w i n  d a t a .  ] n  H ' e  

d a t a  analysis ,  m u l t i - c o m p o n e n t  effects ~ were ]~eg-Iected. Molecular  p;_ r;:.met<r:-~ calcn-  
l a t ed  from the  l ight  sc;~ltering d a t a  for fhe rod~shaped molecules  are prese~ted in 
the  Table .  The  va lues  of the weight  average  molecu la r  weight  (71G~) weTe obtained 

f rom the  ex t r apo i a t i o n  of the  Z~e,¢x plot  to zero angle a n d  zero con,centra!Jo:L tJ'.,e 
slope of the  YAxC- plot  a t  zero concen t r a t i on ,  and  the  extrapo]ation to zcr..o concen-  
t r a t i on  of t im 900 data ,  correc ted  for in t r ins ic  dJssymn~etry (z) a t  45 to ]:65 °. Tn eaci, 
case, all three  va lues  are fom~d to be in good agreement .  The  weJg]:, ~verage Jength, 
Lu,, was o b t a i n e d  from tt~e, . in t r ins ic  dissvmmetrv~ a n d  the,. Z--averag(: }e }ai]?,, ,~sr from 
the  l imi t ing  slope of the  zero c o n c e n t r a t i o n  curve  of i:be Zm.*~.; p]oi a,~d ..... *~,n(." mtere,sot" 
of the  5rANG plot .  

Since i t  has been  repor ted  t h a t  h e a v y  me ta l s  >~ have  a s t rong  inf luence on the  
shape  of th.e RNA. molecule,  a compar i son  was m a d e  of l ight  sca t t e r ing  from >:.o]utions 
c o n t a i n i n g  o.ox o,,,o Versene . . . . . . . . . . . .  wi th  t h a t  fi-om Versene-free solut ions.  "r] ~ r'est~]ts }towns 
in  Fig.  3 ind ica te  t h a t  ;my t race meta l s  t ]mt  m i g h t  be p resen t  have  no diseernibSe 
effect on the  sca t te red  i n t e n s i t y  a n d  hence on 3J,~ or the  size of tUC".  

BROWN m ] }as s h o w n  i n  e l e c t r o n  m i c r o s c o p e  s t u d i e s  on sJm{ia~ l X c p a r a l i o . s  o f  

"J?A BLJL ][ 

~iOLZC.TjLA]~ P A R A M J ; T E P . S  OF ]{HRLICI{ ASCI'J 'ES TUNIOR C}gLJ. ]~['[.% 

Sa;nJ;~. .I T[ 
Sa~y)ie [ Sn~pi~ I I  Sample, 17 f (sa[cldafed•; * 

3~G--,,, YANO ~' .3 2. ~o c' -1 .J 7" -"o~ ,, .48 • i o  ~ ~" r .6" ~o ~ 

3f-w, Dissym ]-34 " J °r~ J . e 9 "  J:o 6 :1:.37. J e~  j 

Z (Dissym) s-~4 ~ .~ 4 ~ ,~o - 
L,~, 89 ° ~ 69 ° ;~ S~o ~\ 920 ,~ 

Lira slope (Zimm) 6.2. Io 7 4.-2" Io-V (.!.°-7.5) ' ] o -7 ._ 
Lira slope (YANG) 4-J  " z ° - v  3 . 0 "  I o  -v  7~5" ~ o - V  - 

0 g 2  (9.7i_i76) .]o 4]kz (7 ~o ~o. 3 .IO ~ ~e (;]: 2 ?-2.4)lo '! .",e .... 
L-~ ~.o6o-l.qoo e:k 925.-1,]<1o ~\ x,I6o-I,6Ao :!, 1,31o J\ 
~fe, calc. (2..T 4 >- e.36 ) ' l o  {~ (~.69 --Z O'J5)'~Or' (2.34 :h O'42!'1E" 2.; , '~J  

Ca cu]a ted f r om bimor.i;;] d i s t r i b u t i o n  o f  6 3 o,,] of  3#-S and 3"~ o~.,o o f  J S ,e "omo ne i i ,  

Y2ioc.kim. BioTbk>,s.. A c[(A .~o f ,c6e)  4~.-,~J 7 
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Fig. I. Light scattering data of preparation I RNA (ZIMM plot). 
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Fig. 2. Light scattering data of preparation II RNA (YANG plot). 
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Fig. 3. Light scattering envelopes of preparation III RNA in the presence and absence of versene. 
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R N A  that  the R N A  molecules are rods 40-45 :~ thick. This th i ckne~  re ~>dn.~ constar~t 
• l p  • for part icles of vary ing  Jengths. Considering t im R2qA molecules to be cFln:_u:~.::rs v,:~t!~ 

a d iameter  of 43 :~, the molecular weight  musi: tl~en be propor t iona l  ,,:o the !-'art}e~ 
length .  I n  ~h]s" manneJ ,  . . . . .  t im Z-average  molecu la r  v,,eJg].~ts , M ~  giv.~]~ i~: d_,m 'a..~ ,~ i h e  
of the  Table ,  were ca lcu la ted  from the  exper imen ta ]  L~. 

The  l ight  sca.tterb~g, data. ca~ o~ fu r the r  ai'Lalvzed wJt]:~ ~'1-:- ~<:q3 '~" oJ~ e e c t r o n  
microscopic  and  . . . . . .  tlltracent.1 ffugat' " Jl]forl]]al{o]i. I n  ~.]~.'_. ca2.{e of salp,D]e, I~] a cv] ndrie;~ 
molecule  wi th  a weight  average  l~qo]ec~Jar weight  of z..4. 9" ~o ~. K off 0.52,. ~n.'i ;t base 
d i a m e t e r  of 43 X has  a ca lcu la ted  ",veJab, t a',.e]age ]ength  of k9¢. ~' 
good agreement w i th  the observed ~ aJv.e of f.~,, of S;o :{, and ca~ ser',c ~'s furti~e~- 
ver i f icat ion of the electron mJclToscopJc observations oi] the ~: . . . . .  ,'~ 
thickness. 

Ul t racentrJfugai ly,  sample ] I I  is fou lM 1:o contain essentially two e(}n~])or..,e~ts: 
e ,  - ' - p * . .  ( ~  63 o.,/o of a 34--S component  and 37 ;'o of a zS-S compon<'nt, a.s strewn ~,n F ,::,'~. ~., ~ J~ 

shape of the n]olecu]es and the va!ues of the sedime~tatJon con~ta~_)i:s of ti~e. ,,~o 
components are found._ i:o be. compat ib le  w i th  molecular  weia/:t~,., eJ s. 3, zo '~ (63,,, % } 
and 3.~ ' ] 70 '5  (37 o,',.o/U';. The weight  average moIecMar wei~:ht,~ (~'~,:) ca]css]ated ,!:c,- .... sucii 
a b i m o d a l  d i s t r i b u t i o n  is 1.6" Id; ,  while tile weight  . . . .  a,.el age ]en~t]},,. Z~v;. is 92o_ ~ . :~,, "bot,~ 
of which are in  good ag reeme n t  wi th  expel : imenta]  va lues  b y  l ight  ::=.-aitering. 3]-~ov7~; 
in  the  las t  co lumn of tLe tab le  are molecular  paramet¢>~ calc ~lat¢d %r su.'. h ;¢ distri-- 

1 ] " 1 bu t ton .  Compar i son  of tb_e ca lcu la ted  v a n  es wi th  d~e es{penment;_~ 4 ~ a  sh<vn  in 
1 j ,  . _ .  . .  

- l l l t ]  a c c J ] ~ 7 ] T J ~ l j ~ 2 l J  COIul'n13 4, po in t  to gooo agreennent  oet~,,~een tint l ight  sca t t e r ing  ~n~d ~ " ~ ~ " 

da ta .  

c 

\"  b 

/ ' \  

0 ~O 2O 30 40  5 )  

Fig. 4- 151tracentrifuga] dJagra.ms of preparation III RNA. a, starting materJa; ; ~ :<9 .~'~"i so]u!:Jor~ 
stored three da,ys at :z5:; c, 0.£ 5 g/] solution stored three days at 05 ° Jn prcs<mee of ,,,¢rse~e. 

Simi lar  R N A  p repa ra t i ons  were fom~d to have  an  in t r ins ic  viscosi ty  of 0.4o a. 
A s s u m i n g  an  axial  ra t io  of IS, use of t!m SC:HEI{AGA-MANDF.LI<ERN equation] u~ r e s u ] b  
in  a va lue  of 34-S for th~.~ s e d i m e n t a t i o n  c o n s t a n t  of t])e hypo the t i ca l  I{NA mo!ocuie 
represented by the weight  axera.ge l igh t  scatter ing data, on Sanmlc, ] I I .  J ,  
menta l  value of the weight  average sedimentat ion constant is 3z-S. ] [ i l ia can b,'. con> 
pared fur ther  w i t h  the weight  average sedimentat ion constant of ;./-*~ .. < ,:alc~fiafed 
according to the method of GW.RER 2 for Mvj = z.5' ~o ~. 

f°,.iochi:,~7. ]:~i~)phys. Acfa~. 4o (z96o) 4 ~o'-4 z 7 



LIGHT SCATTERING OF ASCITES TUMOR CELL RNA 415 

Degradation and aggregation of RNA 

A comparison of the three samples shows good agreement between samples I 
and I I I ,  while sample n shows signs of degradation, its weight average molecular 
weight and particle dimensions being smaller. This indicates that  freezing and thawing 
results in depolymerization, while lyophilization seems to have no pronounced effects 
on the molecules. 

In order to determine if significant changes occur in the state of aggregation of 
RNA during the interval between its preparation and the time of measurement, t ime 
studies were carried out at lO-12 ° and 25 °. Shown in Fig. 5 are representative light 
scattering data obtained over about 68 h for RNA solutions (sample I I I )  in the 
presence and absence of o.oi To Versene. Zero time was taken to be the time during 
the preparation when the dialysis was initiated. 

As Fig. 5 illustrates even at lO-12 ° there is a slow degradation of RNA to the 
extent of a change in Mw of about IO % in 26 h. Changes in Mw occurring during 
the interval between preparation and initial measurements are thus minor, particu- 
larly since during 4 ° % of this time the solutions were kept at 6 °. As Fig. 5 illustrates, 

2 o when the temperature was raised to 5 , the rate of degradation increased but in 
Versene-free solutions was not accompanied by aggregation. This is most evident from 
the data taken at an angle of 19 ° . 

The magnitude of the aggregation can be best appreciated by comparing angular 
envelopes for Versene-free and Versene-containing solutions. Such plots, shown in 
Fig. 6, indicate that  in the absence of Versene very large aggregates are formed, the 
maximum in the Kc/R o vs. sin 2 0/2 plot being characteristic of very large spherical 
particteslL The asymmetry  of the 68-h Versene curve as compared to the 8-h Versene- 
free curve indicates that  aggregation probably occurs to some extent even in the 
presence of Versene. 

The fact that  Versene inhibits aggregation indicates that  in spite of the fact that  

o 10_12°C 

! [ 

25°C 

/ 
/ 

/ 
/ 

/ "~  O : 9 0  ° 

15 

/ / / /  

~ I  ~ _ _.~.---  - _ - - - ~  ~ - . . . . .  ~ .  

o ~ _ _  i 
20 40 GO 

T I M E ,  HOURS 

Fig. 5. Changes inl ight  scat tering of prepara t ion 
I I I  RNA solutions (o.25 g/l) during storage at 
various temperatures .  O - - O ,  no Versene; 

O - - Q ,  in the presence of o.oi % Versene. 

F ~  I I I i I 

15 68 HOURS 

o 

~o tO . 

0 0 2  0 4  0 6  0 8  I 0  

SIN z 0 / 2  

Fig. 6. Scattering envelopes of prepara t ion I I I  
RNA solutions (o.25 g/l) after  various durat ions 
of storage. O - - O ,  no Versene; Q 0 ,  in the 

presence of o.oi % Versene. 
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RNA was prepared with redistilled phenol the final solutions contair~ so~?~e metal ions° 
Nonetheless, as Fig. 3 illustrates these metal  ions have no effect upon the s ;a.1:te~rig 
of light from RNA solutions at high ionic strength a~ld thus could h.ave h.a.d ;~o ~,a.rked 
effect on either the molecular weight or size. These results contrast ;vJth tT~e findir~gs 
of HASCHENMEYER, SINGER AND FRAENKEL-CONRAT ~;, w h o  showed that  ']?MV-~.NA 
prepared in the presence of metals such as Ca :'~- had a more compacl, co?~figura.tion 
in solutions of low ionic strength than that  of metal-free preparations. I~: would 
appear that  this is simply a polyeiectrolyte effect, i.e., at low ionic strength the bo~nci 
metal  ions reduce the net charge and the electrostatic repulsiou thereby decreasing 
the average molecular end to end distance. 

While tlne light scattering data emphasize the aggregative processes, and in the 
case of the Versene-contaJning R N A  sample, point to an apparent absence of gross 
changes, sedimentation measurements indicate the contrary. Shown in g~;g. 4 are 
sedimentation distribution curves of samples kept for three days at z5 °. Extensive 
degradation has occurred at both. high (z. 9 g/l) and Jew (o.~5 g/l) RNA eorme::J!:,~a~-ions. 
In the case of the o.~ 5 g/1 samples, when Versene was absent, degradation p~oceeded 
to a point where no sedimentable material could be observed. Similar degradative 
changes of RNA have been observed by  OavR~.ova e~ aZ. ~ and by L,~TT/~Uh:~. i'.,m_o 
EISENBIERG 19, the latter authors having demonstrated that  metal %x'...s can promote 

RNA degradation. 
The above data st~ow that  while RNA is capable of aggregating ~mder the 

influence of metal  ions, the more important  process is a degradation, also apparently 
promoted by metal ions. 

CONCLUSION 

The high molecular weight fraction of cytoplasmic Ehrlieh ascites tumor cell RNA 
appears to consist of two main components with molecular weights of ~.3" ~o6 and 
3.2" zo 5. Under conditions close to physiological these molecules can i)e described best 
by compact rods, 4o-45 ~ in thickness. 
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S T U D I E S  ON D E O X Y N U C L E O S I D I C  COMPOUNDS 

I. A MODIFIED MICROBIOASSAY METHOD AND ITS APPLICATION 

TO SEA URCHIN EGGS AND SEVERAL OTHER MATERIALS* 
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SUMMARY 

I. By modifying HOFF-JORGENSE~'S microbiological assay method for deoxy- 
nucleosides, viz. by digesting samples to be assayed with a snake venom enzyme, it 
was possible to detect a new group of deoxynucleosidic compounds. This group of 
deoxynucleosidic compounds, differing from either simple deoxynucleosides or deoxy- 
nucleotides, were tentatively designated as "masked" deoxynucleosidic compounds. 

2. "Masked" deoxynucleosidic compounds were detected in various tissues such 
as sea urchin eggs and embryos and mammalian tissues including tumors. 

3. The relative amounts of "masked" deoxynucleosidic compounds compared 
with DNA or simple deoxynucleosidic compounds in eggs and early embryos were 
markedly higher than those in adult tissues. In this connection, the biological signifi- 
cance of "masked" deoxynucleosidic compounds was discussed. 

Abbreviat ions:  DNA, deoxyribonucleic acid; PCA, perchloric acid. 
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