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SUMMARY 

I. RNA has been prepared from rat and chicken liver by phenol-water and 
phenol-naphthalene-I,5-disulphonate (NDS) methods. The RNA prepared by the 
phenol-NDS method appears to be less degraded than RNA isolated by phenol-water. 

2. RNA can be fractionated by addition of 2-butoxyethanol or 2-ethoxyethanol 
to solutions containing potassium acetate. The most insoluble fraction has the highest 
proportion of guanine and cytosine, while the fraction with the highest content of 
adenine and uracil is the most soluble. 2-Ethoxyethanol is better than 2-butoxyethanol 
for fractionation of RNA prepared by the phenol-NDS method. 

3. C.C.D. of RNA and the fractions show that  a complex mixture of interacting 
substances is present. 

4. Fraction I (phenol-NDS preparation) appears to be the most undegraded 
RNA but action of ribonuclease can bring about a change in the C.C.D. pattern simu- 
lating that  of the RNA prepared by the phenol-water  method and without altering 
the base composition of the material. 

INTRODUCTION 

Evidence for the heterogeneity of ribonucleic acids (RNA) has been produced by  
several methods. Metabolic heterogeneity was demonstrated by SACKS, HURLEY 
AND YOUNG 1 by injection of radioactive phosphorus into rats and rabbits. MAGASAN-IK 2 
has discussed results of the examination of base compositions of RNA present in 
different fractions obtained by differential centrifugation of tissue homogenates. 
Generally the base composition of the nuclear fraction differed from that  of the 
cytoplasmic fractions and this conclusion has been supported by ELSON, TRENT AND 
CHARGAFF a. DE LAMIRANDE, ALLARD -kND CANTERO 4, however, reported considerable 
variation in the base compositions of all their fractions from rat  liver. Fractionation 
of RNA of ECTEOEA anion exchange resin by BRADLEY AND RICH 5 definitely 
demonstrated the large number of components in a given preparation and similar 
results were obtained by  MUIRA AND SUZUKI 6 who used Dowex-2 and found fractions 
of differing molecular weights, but not of base composition. DAvIs AND ALLEN 7 
fractionated yeast RNA by using salmine sulphate as a precipitant and releasing 
RNA by addition of sodium dodecyl sulphate solution, while BROWN, DAVIES, 

Biochim. Biophys. Acta, 40 (196o) i93-2o 5 



COLTER, LOGAN AND KI?ITCHEVSKY 8 separa ted  R N A  of high molecular  weight from 
Ehr]ich ascites l nmour  cells by f rac t ionat ion  on a co]um~ of ~e~l~3.,la~-ed boviz~e 
serum albumin,  The present  work demons t ra tes  a r e l a t J v d y  simple ~:~ethod of 
separa t ing  ra t  and  chicken l iver  RXA into fract ions of different base eomposit io~,  
and a study of the relationship of these fractions to each other anJ t() ti~e .,)rigid?;,] 
R N A  b y  appl ica t ion  of the countercur ren t  d i s t r ibu t ion  method of C~,t:~:- ,,',5:z) CRM(;L 

?,~ATERIALS AND METIIOD~, 

SoZve~#s 

2-Methoxy-,  2-e thoxy-  and 2-bu toxy-e thanols  are avai lable  as tceil~icai solvents  
and  PORTEI~ 1° repor ted  a purif icat ion of these which yielded mater ia l  l-,avi_~g l i t t le  
absorpt ion at  28o rap. if the original solvent  had  an absorhancy  of less than 0. 5 at  
28o raft. ]¢requently the  original opt ical  dens i ty  was much higher thar~ this and, as 
the me thod  employed  by  Po~TEI~ did not  give a sufficiently ]or.., O.D. at  26o n?ls, 
a new method  for the  purification was devised. 4 ] of the technical  sob eni: were mixed 
with  z g of pal ladised charcoal (5 %) a.nd a s t ream of ]?ydrogen ,v;m passed into this 
mix tu re  th rough  a s intered glass bubbler  during ~ h. The soJvent was filtured into 
a 3-necked flask for dist i l lat ion and about  2 g of amidol  (2,4-dJ',lminophc~?ol hydro-  
chloride) were added.  The solvent  was disti l]ed at  the pressure of the water  pump  
(approx.  z5 ram) Jn a s t ream of N 2. A f rac t ionat ing  column 60 cm long was used and 
an a r rangement  made  to collect fract ions for measurements  of the O.D, I t  Js usually 
necessary to collect about  5oo m] before the  O.D. drops  to o.~: at  z6o i~p,, bu t  this  
volume varies  from on(: batch, to another .  Wtmn the O.D. was belo,,: o.x L]~,.; ,-~o]vent 
was collected unt i l  there  remained  about  J.oo ml of da rk  residue i~ the dJstJi]at%a 
flask. The solvent  collected t~ad an O.D. of 0.o2-0.05 at  260 rap, and tt:~ml]v no 
absorpt ion  at  28o m/~. Under  these condi t ions  2-*n~ethoxyethano] boJ]s at  about  3x':, 
z -e thoxyethano]  at  4~. <~" and e--butoxyethano] at  7:z °, These so!vents m a y  then he 
kep t  in dark  bot t les  at  room t empera tu r e  for several  weeks wi thout  an inCl°ease J~; 

the  O.D. at  26o raft. 

Pho@ha~e solu, tion, 

K2HPO 4 was used for making  the phospha te  solut ion req',~h:ed for counter  
cur rent  d i s t r ibu t ion  (C.C.D.). No difference in O.D. at  ~6o mff w~,s observed whe:.~ 
Ana la r  KH2PO. ~ and K O H  were used instead.  Shlce K2HPO,  eont~dns a ,~:~r/ai)le 
amoun t  of moisture,  a so]ntion based  upon specific g r a v i t y  was used as ;~ s tandard ,  
KaHPO~, sp. gr, 1.32o at  2o ° was made  up by  weighing i32o g K~HPO~, and add ing  
~.5 ] dis t i l led water .  The solution was filtered, c o d e d  to ~o ° and ad jus ted  to sp, gr. 
~.32o b y  a d d i d o u  of wate r  (usual ly  ~oo-2oo ml). 33.3 % (v/v) tI.~PO, was p repa red  
b y  adding  35 ° g HaPO~ (Analar,  sp. gr. z.75 ) to 40o g of watc~  The phospl~ate 
(pH 7-5) solution was made  by  addi t ion of 6 g of 33.3 % Hr~PO4 to every ~oo g K~HPO;  

(sp. gr. :~.32o). 

SoZve~# ©,dems 

They  were made  up by weighing and were allowed to remain a.t zo'= overnight  

before being used. 
Solvent  system z: ~-methoxyethano]  740 g, _o-butoxyethanoi 35o g; phospha.t~, 
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pH 7.5, 16oo g, water 142o g. This mixture produced approximately 1.5 volumes top 
phase per I volume lower phase. 

Solvent system 2: 2-ethoxyethanol 3000 g, water 5600 g, ammonium sulphate 
2000 g. This system gave nearly equal volumes of each phase. 

Counter curre~t distributions 

The C.C.D.s were performed with a Quickfit and Quartz fully automatic machine 
(IO ml upper phase, I I  ml lower phase). RNA (15-3o rag) used for each distribution 
was first dissolved in water, and the phosphate and organic solvents then added in 
the correct proportions. After the distribution water was added to each tube to bring 
the contents into one phase and the O.D. was measured at 260 mt~. 

Preparation of RNA 

The phenol-water  preparations were made essentially as described previously 11 
and in addition the following modifications were made; naphthalene-disulphonate 
(NDS) preparations were made by homogenising the tissue in a volume equal to 
8 × weight of the tissue of a solution of o. 5 % naphthalene-I,5-disulphonate disodium 
salt to every IOO ml of which o.1 ml 2.5 M K~HPO, had been added to bring the 
pH to 6.5. The mixture was then stirred and extracted with an equal volume of 
9 ° % (w/w) phenol at 2o ° and the procedure described before was followed exactly. 
The yields were the same. 

One preparation was made from r~t liver which was homogenised in o.18 % NaC1 
(equivalent molar concentration of o.5% NDS), extracted with phenol and isolated 
as described previously, and a further: preparation was made by homogenising the 
rat liver with the phenol-water  mixture in the Waring blendor and subsequent 
procedures were the same as in previoUs preparations. 

Fractionation of RNA 

Three fractions were obtained by the following method. RNA (3 g) was dissolved 
by stirring in water (450 ml) with KOAc (9 g). Alterations of the volumes mentioned 
for a given weight of material will produce a different result. The mixture was 
centrifuged in a Servall centrifuge at 5000 × g for 30 rain at o ° to remove traces of 
insoluble material. The supernatant liquid was poured off, 2-butoxyethanol (300 ml 
distilled) was added and the mix ture  was set aside in the refrigerator overnight. 
A gelatinous precipitate had separated and was centrifuged off at 700 × g. This 
precipitate constituted fraction I, and was washed twice with e thanol-water  (3:I,  
v/v) when it separated as a white powder which was sometimes slightly grey on 
drying. 2-butoxyethanol (15o ml) was added to the clear supernatant fraction from 
fraction I and the mixture was again Set aside overnight at 2 °. This separation was 
facilitated if carried out in centrifuge bottles since the precipitate was not apparent 
although the solution appeared opalescent when shaken. This solution was centrifuged 
at 700 × g for 20 rain and the material which remained at the bot tom of the tube, 
after carefully pouring off the superna~ant layer, constituted fraction 2. This residue 
separated as an oil, but when washed wi th  e thanol-water  (3" I, v/v) immediately 
separated as a white powder, which was washed once more with e thanol-water  
before drying in a vacuum desiccator. T o  the supernatant solution from fraction 2 
ethanol (625 ml) was added and a flo~culent precipitate appeared quickly but was 

i 
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allowed to remain overnight before being collected by centrifuging. The [inaI precip- 
i tate was washed twice with ethanol--water (3: I}  before being dried hs a va.cuum 
desiccator and constituted fraction 3- ]7he total recover},: of material v, ms ,boul- 90 <}/,. 

E~'aclio~a¢io~ of j}'acUo~e m zce, U'z d.ho><),W,h~zo£ 

Fraction z from rat  liver RNA (NDS preparation) (3.o g) ",va>: dis.so]",:d in water 
(3oo ml), KOAe (6 g) "wss added ap, d then .300 m] :>etlmxyethanol. Prceil>it:~,~ion wns 
allowed to proceed o\ erniglnt at so, and the separated material , :as  difficult fo ce]~- 
trifuge but  was deposited by centrffugation at 5ooo < g for 45 rain. Af*cr washing 
and drying this material weighed s.2 g. The superri;~tant solution from il~is pi< cipitat e 
was mixed wit]J. 45 ° m] ethanol a.nd the precipitate whic]? cor~sii!;n:ed :Iract{on x/3 
was separaled by  centrffugation, washed and dried (78o rag). T',~e maler{a} w]sic]} 
separated first was dissolved in water (2oo m]), KOAc (4 g) added and 2o0 mi 2 .etl]o>.:y- 
ethanol ' after standing overnigJ-}t ~,f 2 o tile, precipilate was sel)arated b F ces}trJfu£atJon, 
(5000 ;< g fo~ 4.0 mini, washed and drbed and eonstituled fractiou z/r. Fr:~c~J{;,r~ x/2 was 
obtained from the supernatant  solution by adding of 3oo ml e~i~an.>] nr.;d >,eparai{(;n 
of the insoluble RNA bv centrifuging. Ra t  liver RNA (plneno]-vc:~ter l-~r07,,~nratJon ) 
and chicken ]he r  RNA were separated into e fractions only, th (  t]rst p<('ci!)i laied ]),- 
2-et]~ox3:et]~ano] and t]~e seco]~d b>: ethar}o] as described for rat ] Jve  I,)J<A. 

Co.m,Jze~'ciaZ yeasi RAL / 

"Purification' :  ,,~a>~ carried out 537 dissohing commercial \,~s:~t ]~?-.:A (2 g) m 
water (5o mi) adding an eqmJ volume of 2. 5 21~ NeI-]PO~ mi>,ed ,,',.itb 2.;5 m] 33 % 
HaPO 0 (I VO]IMT](~ HsPO i Sl). gF. z.75 ! 2 vo]nl]les H20) and 5 °rs]  2-r~s.otT;o>:} ei]];tl]o]. 
The upper phase, w]-iich was dark brown, was separated and dialvsed a{~abm:t 4 c];ajsge~ 
of dist i l led water wh('n most of the co]our disappeared. The cont(nts (:)~ ii~e diaiysi>: 
bag were made up 1:o 2 % wi th  respect to KOAc and the ],?N."x p<e('JpJtated i~),: 
2 volumes of ethanol. Af ter  centri fuging, washing and dry ing the ", i¢]d ',"as 77 o mi4. 

A 0#o¢, of  r'iDoTtz.:cZeas,c (.,ie. RAW~ .[~'c~c[[o¢~ 

Each fraction (5<) .rag) was dis..~olved in 4 % NOAc solution (e 5 r~l) (fraetioP. 
dissolved somewhat  s]o,.vly) a~d to each solution was added pancl-eat]c ribon ~cl,'ase 
( x rag) Jn waler (25 ml). The mixtmre was allo-~ed to remain for 2 !; ~!: so:  and t]lc.n 
shaken vigorously x~ith 50 m] t?]nc no! (9 ° % v/v) for 30 mh~. T];e mJ-<tures ",vet,: poured 
into separating funnels and after z h l:]~e pBe]ml layer was rl~,~; off. l}2]~a~oi (,!-o m]) 
was added to the aqueotis layer to precipitate degraded RNA, v hi(;]-~ w a s  <;c ]]i t i l t ! g e e  I 

off., washed with ethano]--w, ter (3:~) and dried J~ a vacuum d( siccato;:. 

AclioTz of j'iDoJee.tcZea.~e~ oeJ ./?acfgos~ e/x a~ d@'e.~'cJzl fh,ecs 

Fraction z,"~ from a. N I ) S - p h e n o ]  preparat ion from rat ]i',:er u;:s u~e<! ~'nd 
I64 mg were dissoIve.d it, 74 m! of ¢. solution of 2 (!{, l(OAc. ]?a~:~cre:!i]c ri )o u<Jca .... 

(z rag) in 2 m] water -,,,:m~ ~ddcd, arid the m ix tu re  was sl~al<en tl_~orough]y and <]!owed 
to stand at 2o °. 25 m} of solution were removed after IS, 3 ° anc] (}o in]n :rod in c8.c]] 

case added immediately to 25 ml phenol (9 o o{,). Each  was s]~,akc:rJ for 30 rnin b<@)rs 
separating the p]~eno] as described before and precipitatbng the degr~ded ]{NA with 
etlmno], 
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Action of ribonuclease and N D S  on rat liver RNA 

RNA (16o mg) was dissolved in water (75 mI) and KOAc (3 g) was added. This 
solution was divided into 3 portions of 25 ml each. To the first 25 rnl was added 25 ml 
H 2 0  , to the second was added I mg ribonnclease in 25 ml water and to the third was 
added I nag ribonnclease in 1% NDS (adjusted to pH 7.0 with 2.5 M K~HPOa). 
The 3 solutions were allowed to stand for 20 rnin, at 20 °, 9 ° % phenol (5 °ml )  added 
to each and well shaken, the phenol layer was run off from a separating funnel and 
the RNA precipitated from the aqueous layer by addition of ethanol (80 ml). The 
insoluble material was centrifuged off, washed and dried as usual. 

Analytical methods for phosphorus, e(P) (CI~ARGAFI ~12) and base compositions have 
been described before 11. 

Ami~o acids were estimated after hydrolysis with 5.8 M HC1 for 24 h and separa- 
tion of the amino acids by 2 way papex chromatography used ethyl methyl ke tone-  
acetic ac id-water  (3 : I : I, v/v/v) for the first way and ethyl methyl ke tone -me thano l -  
w a t e r - N H  a solution (sp. gr. 0.88) (3:1:1:o.15, v/v/v/v) the second way. The colours 
were developed with ninhydrin and estimated as the cadmium complexes, (un- 
published). 

Ribonuclease was the crystallized commercial pancreatic enzyme (General 
Biochemicals Inc.). 

RESULTS 

Fractionation qf RNA 

The fractions produced by addition of 2-butoxyethanol to solutions of RNA in 
2 % potassium acetate varied slightly in amount and base composition from one 
preparation to another. However, the fraction with the greatest proportions of guanine 
and cytosine always separated first and a higher proportion of fraction I was always 
obtained from preparations made by the phenol-NDS method. The base com- 
positions and yields of the fractions separated from rat-liver RNA prepared by the 
phenol -water  and phenol-NDS methods are shown in Table I. 

TABLE I 

B A S E  C O M P O S I T I O N S  IN  M O L A R  P R O P O R T I O N S  A N D  A N A L Y T I C A L  F I G U R E S  OF  T H E  F R A C T I O N S  O B T A I N E D  

FRO?~I R A T - L I V E R  I~IN-.~ B Y  P R E C I P I T A T I O N  \VITI-I 2 - B U T O X Y E T H A N O L  

Abbreviat ions:  G, guanine; A, adenine; C, cytosine; U, uracil; P, phosphorus ;  e(P) as defined 
b y  C H A R G A F F  12. 

Yie ld  G A C V P e(P) (%) 

t~he~eol-water preparation 

Fract ion i 38. 5 x 1.5 
2 35.i i7.6 
3 32.2 21.9 

Phe~ol-NJOS preparation 

Fract ion 1 36.0 17.5 
2 33.4 I9.8 
3 3o.9 24.2 

36.5 13. 5 6.8 745 ° 28 
31.4 15.9 6-5 815° 37 
28.8 17.1 6.9 8500 35 

31.4 I 5 . I  5 ° 
30.8 16.o 3 ° 
27.6 I7.  7 20 
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TABLE I I  

BASE COMPOSITIONS IN MOLAR PROPORTIONS OF THE FRACTIONS OBTAINED BY RI~-PRECLPlTATION 
OF FRACTION I FI~OM RAT-LIY.ER RNA WITH 2-ETHOX~'ETIIANOL 

Fra*gim: G A G U Y iz.ld 
[%) 

P h e n o l - w a t e r  prepara t ion  

I / !  42.4 9-4 34.4 12.8 57 
,/2 38.4 I5.4 32.6 13.7 43 

P h e n o l - N D S  prepara t ion  

1/I 38.0 I5 .3  32.2 I4 .5  6o 
l l2  35.2 18.I 30.6 I 6 . ,  I5  
I /3  30.8 2o.2 30 .0  19.o 26 

" ] 'ABLE I I i  

PERCENTAGF~ B%" VCEIGHT OF R.ESIDUAL AMINO ACIDS ATTACHED TO IZRACTION'S I,  2 A.~)') 3 
FROM RAT-LIVER ]-{]M'A (PBENOL-~VATER PREPARATION) 

T i l e  a m i n o  a c i d s  a r e  e x p r e s s c d  a s  a p e r c e n t a g e  of t h e  w h o l e  a i r - d r i e d  R N A .  V a l i n e  w a s  a l s o  p r e s e n t .  
A b b r e v i a t i o n s :  L y s ,  l y s i n e ;  Arg ,  a r g i n i n e ;  Asp ,  a s p a r t i c  a c i d ;  Glu ,  g l u t a m i c  a c i d ;  AIo,  a l a n i n e :  

Ser,  s e r i n e ;  T h r e o ,  t h r e o n i n e ;  Leu ,  ] euc ine  - - i s o l e u c i n e .  

Fraction Lys A r.¢ .4 s p Glu A la Set Threo L~:u. 

I 0 .62 o.3I  0 .30 0 .44  o.~9 0.25 0.26 0..24 
2 o.12 0.07 0.25 o.41 o.10 0.07 0.08 
3 o. 12 o.o2 o. 21 0 .40  o. I 2 0 .09  0.09 

" F A B L E  I V  

BASE COMPOSITIONS IN MOLAR PROPORTIONS OF THE DEGRADATION PRODUCTS OBTAINED 
BY" ~THANOL PRECIPITATION AFTER REACTION OF FRACTIONS I / J ,  2 AND 3 

FROM RAT-Lrv'ER ]~.~A WITH RIBONUCLEASE 

A b b r e v i a t i o n s  as  in T a b l e  I .  

Degradation ~rotluct G ,4 C U ]~ecot~ry 
from fraction ( % ) 

l ]~ 54.2 1 5 . Z  z r  .2 9.4 55  
31.7 I6.  5 21.3 Io .5  55 

3 45.8 22.8 21 .o IO.3 45 

TABLE 'V 

BASE COMPOSITIONS IN bIOLAR PROPORTIONS OF THE FRACTIONS RECOVERED 
BY ETHAI%'OL PRECIPITATION AFTER REACTION OF FRACTION I / I  FROM RAT-LIVER 

'WITII RIBONUCLEASE FOR DIFFERENT TIMES 

Time of reaction Rccm'ery 
wiCk ribon,cl cast G A C U f % ) 

I5  ra in  38.5 14.o 3"z.o r5 .6  8o 
30 ra in  38.5 I 4 . "  32.I ]5.~ 64 
6o ra in  39..5 14-i 3 J .o 15.2 64 

B i o c h i m .  B i o p h y s .  A eta, 40 (J 960) J 9 3 " z o 3  
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Chicken liver RNA prepared by the phenol-water method could be fractionated 
in a manner similar to rat-liver RNA prepared by the same method. 

Chicken-liver RNA prepared by the phenol-NDS method yielded a much 
higher proportion of fraction I (75 %) and this was fractionated further by the use 
of 2-ethoxyethanol. 

RNA from regenerating rat liver produced the same proportions of fractions I, 
2 and 3 whether this RNA was prepared in the presence or absence of NDS. 

The fractionation of RNA could be extended by addition of 2-ethoxyethanol 
to solutions of fractions I. The basis of the separation appeared the same as before and 
the base compositions of the fractions obtained from fraction I are shown in Table II. 

Amino acids 

RNA prepared by the phenol-water method usually contained I - I .5  % residual 
amino acids, the greatest a mount of which were attached to fraction I. The distribution 
of the amino acids in the 3 fractions is shown in Table III .  As these were determined 
after 2-way paper chromatography the amounts are unlikely to be absolute, but 
indicate the differences between the fractions. RNA prepared by the phenol-NDS 
method always contained less residual amino acids (o.5 %) but a larger proportion 
remained attached to fraction I than to fractions 2 and 3. 

In addition to differences in residual amino acids and base compositions the 
3 fractions also differed in their solubilities in 4 ° % (w/v) ammonium sulphate. 
Fraction I was almost insoluble, fraction 2 was partially soluble while fraction 3 was 
completely soluble. The fractions also showed different C.C.D. curves. 

Yeast R N A  

Yeast RNA, purified as described in the experimental section, gave no precipitate 
upon addition of one portion of 2-butoxyethanol to a solution in 2 % potassium 
acetate, but a precipitate (78 %) was obtained upon adding the second portion 
of 2-butoxyethanol. A second precipitate (22 %) was isolated after addition of 
ethanol. The base compositions of the 2 fractions were nearly identical (G:A: C:U, 
29 : 25 : 23 : 23). 

Action of ribonuclease on fractions z/I ,  2 and 3 from rat liver 

The base composition of the matel!ial insoluble in ethanol after treating fractions 
I /I ,  2 and 3 from rat liver with pancreatic ribonuclease during 2 h are shown in 
Table IV. These 3 materials were completely soluble in 40 % w/v ammonium sulphate 
and in solvent system 2 for C.C.D. 

Action of ribonuclease on fraction z /r  from rat liver at different time intervals 

The base compositions of the materials precipitated by ethanol after reaction of 
fraction I / I  from rat liver with pancreatic ribonuclease during 15, 30 and 60 rain 
are shown in Table V. 

Aetion of ribonuclease on rat liver R N A  in the absence and presence of N D S  

The base composition of the original RNA, and the materials recovered by 
ethanol precipitation after reaction with ribonuclease in the absence and presence 
of NDS are shown in Table VI. 

Biochim. Biophys. Mcta, 4o (I96G) 193-2o5 



2 0 0  ]~. S ,  K I R B Y  

TA BLI£ VI 

BASE COMPOSITIONS ]~" J%'IOLAR PROPORTIONS O: ~ "IH]£ MAT~RIAI. ] }£COV]',R]{]) 

BY ]ETHANOL PR]%*CIPITATIOR" AFTER REACTIO}< OF RAT-LIVER ]~A <\']T]g :H:3ON"..TCIEAS]! 

IN THE ABSBXCE AND ])I~]£SF~TC]{ OF ~,-]),~ 

Ma&';'ioi G A (7 U /;.'{ :m,~ ;", (%) 

R N / \  3 4 , 5  s S  2 3 ~ . :  ] 0 . 2  ,%; 

RNA -} ] £ N A a s e  ,{0. 5 ~5.5 29.4 ]4.6 6 .  
RNA _L R N A a s e  + N D S  39-4 :6.3 :'9.7 :4 .6  8e 

C.C.I). has on ly  recent ly  been appl ied to RNA.  W.,U~NER ,.',N~ 'V , >-;<~,<:v.,~ used 
a m ix tu re  of 2-propano], formamide and phosphate buffer for ~e )av;~tim; svnt] etJe 
po]ynucleotJdes, and Hom.r ;y  ;~x:o MEmurm N ]m;,e reccnt ]y  aF, l)]Jed t h i  s \stcm to 
the RNA f rom supernatant  f ract ion of ra t - l i ver  hon~ogcnal:e. 

The first p roblem was the choice of solvents,  since, nucleic ~/cJd~ s;:e >d/ precip-  
i t a t ed  from salt solut ions by  organic solvents. The eellosolve-sak :-:o]ul%n used by  
PORTER 1° was tr ied and some <atisfactorv systems consistim~ of direthq ~'arNlo], 
2-et ] loxyethano] and phosp]mte solut ions were found %r COI]]NK17cia7 ) :e 51 I{N/~. 
These systems were of no use for vat- l iver  R N A ,  which  w a s  ]'Jt!-g(Jy i7!9o]1113]e i]] 1]-i( ~ 

mixtu re  used for 3eas t  RNA.  I t  had  been found tha t  ra t - l iver  RT~-A ~,,;~s coml)le{:e]) ~ 
ex t rac ted  into the  organic phase of a system of e-met]loxyet]~a]~.o] a>d pl-:osp]:~at( 
buffer and this par t i ! ion has been rnade the basis of the iso]aiir,n of l-lEA (and 
deoxwibonuctdc. ,  acid) ~-,~e from glvcoven... , . . . .  \Vhen e-butoxvet]mno]  and . . . . . . .  ~] ,.,. ?,.~'~ *,.< 

• , )~,- ¢ 
buffer were used in propor t ions  a,pp~ ox imat ing  to 1hose ;it the  pb,.i~ pore% X 1.i~e h ~,., ~. 
was found in the aq-m:ous phase. From these consideva.tions e],~,,'" ,,i-~,,_u, . . . . .  ,~,Ld.i;:,..~~- , ; <  ]i;~', c 
been made from 2-meN]oxyethano],  2-butoxyetha]}o]  and p]}oN)]><tc s()]t~tJons. 
restr ict ions in  choice b<ing made b N the. so lub i l i t y  of the RNA,  I]~: ]mr~:ition of l h "  
R N A  and the vo]ume re lat ionship of the 2 phases. Generall) gn :}r:c-e~sc i~.~ the 
propor t ion of 2-n0el:],oxyethano] or of phos])]~ate ions increased i:h: >'ard!:ion i> 
favour  of the upper phase whi le  an b.crease in  the propor t ion of 2 b~tlio> \Te!;]}aIK)] or 
of water  resu]ted in a par t i t i on  Jn favour  of the ]ower phase. 

I t  has not proved ])ossJb]c to dissolve whole R N A  d i rec t l y  in ~ . . . .  
for C.C.D., but  the [RXA remained so]uble after being disso]ved in i:71,, water  f i rst  
and subsequent]y addin£ tbc' phosphate solutJo]~ ; r id the]~ i l l  ~ orgalg' :  so]Veut .  
HAUSS.~IA_X AN> C~AK> >~ have recent ly  employed a s imi lar  d e v i c e  for 19.c dis~.:oh]tio~ 
of prote ins  for C.C.D. 

The C.C.D. cur~ es %r ra t - l iver  R N A  prepared by  1he phcno]--v,~atcr a:id p]-;e~:o]- 
NDS methods  are shown in ]Fig. z and e respectb, 'eiv. The posi~ %u of l:b. ]>:a.ks , < s  
• the same in preparat ions by  the same method but  the rel;~tJve <>?hts vaned :ivou~ 
one ]?repara.tJOl~ to another, especial ly wJt]q NDS method. The c . . . .  ]r,:, <u>on~::(," * : " ~ "a:Jt]~ 
chicken-l iver  RNA made b y  1]~e p]~eno]-NDS me thod  was @~t~n to N£.  s b~,~: vc'r, 
much less mateNa] t ravel led in the organic phase. 

The C.C.D. curves for f ract ions I .  2 and 3 h-on~ ra t - lRer  ]x~,~, ~)r,p;~ " ' d ] n  t im 
])henol- .water method a]:e shown is Ng .  3. The whole R N A  did ]qot sh ;,v the con- 
siderable pea]< in tube ] l:ha.t was prese33t in  frac!ion y . . F r a c t i o n  /~ .:;~s t~e  o n l y  on~:z 
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Tube No. ' 

Fig. I. C.C.D. curve for rat-liver IRNA (phenol-  
water  preparation) in solvent sys tem i. The 
max ima  occur at tubes  2 and 34 after 96 trans- 

fers. 
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Tube No. 

Fig. 3. C.C.D. curves of fractions i, 2 and 3 
obtained by  fract ionation of rat-l iver RNA 
(phenol water  preparation) wi th  2-butoxye~ha- 
nol. - -  fraction I ; . . . .  fraction 2 ; • .:. • • 
fraction 3- The main m ax i m a  occur at tubes  i, 
56 and 76 respectively for each fraction after 

2oo transfers  in solvent sys tem i. 

g 
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~2 
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Fig. 2. C.C.D. curve for rat-l iver RNA (phenol-  
NDS preparation) in solvent sys tem i. The 
m ax ima  occur at tubes  i and 26 after 96 trans-  

fers. 
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' Tube No. 

F ig .  4. C.C.D. cu rve  o f  f r a c t i o n  3 of  r a t - l i v e r  
I~NA (phenol-water  preparat ion) in solvent 
system 2. The m a x i m u m  occurs at tube 78 after 

96 transfers.  

Tube  No. 

Fig. 5. C.C.D. curves of the products  of t he  
action of ribonuclease on fractions i, 2 and 3 
from rat-liver RNA (phenol water  prepa-  
ration) in solvent sys tem 2. - . . . .  fraction 1 
(maxima at tubes o, 42 and 7o); . . . . . . . .  
fraction 2 (main m ax i m um  at tube 65); 
- - - - - -  fraction 3 (main m a x i m u m  at tube 72). 

c o m p l e t e l y  s o l u b l e  in  s o l v e n t  s y s t e m  2 a n d  t h e  c u r v e  o b t a i n e d  is s h o w n  in  F ig .  4. 

T h e  p e a k  a t  t u b e  78 w a s  a l so  f o u n d  w h e n  y e a s t  R N A  ( " p u r i f i e d "  as  d e s c r i b e d )  w a s  

d i s t r i b u t e d  in  t h e  s a m e  s y s t e m .  

W h e n  t h e  3 f r a c t i o n s  f r o m  r a t - l i v e r  R N A  p r e p a r e d  b y  t h e  p h e n o l - w a t e r  m e t h o d  

w e r e  s e p a r a t e l y  t r e a t e d  w i t h  r i b o n u c l e a s e ,  t h e  i n s o l u b l e  m a t e r i a l  w h i c h  s e p a r a t e d  
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upon addition of ethanol to each fraction was found to be eompiete;,y :._~ohfl)]~.~ Jn 
solvent 2. The C.C.D. curves are shown In Fig-. :5. 

To examine the effect of ribonuclease on fraction r, this fraction from ~. rat-liver 
phenol-NDS preparation was refi:actionated with 2-ethoxyethano! and d~c CC.D. 
curve of this material in solvent system z (Fig. 6) showed that very littie m~terJa] 
was passing into the organic phase. 

:k 
E 
o 

Ld  

Tube No 

Fig .  6. C.C.]).  c u r v e  of fra,ction ] / i  o b t a i n e d  
b y  f racf i iona t ion  of r a t - l i v e r  R N A  (phenol  -NDS 
p r e p a r a t i o n )  f r ac t i on  ~ wi th  2 - e t h o x y e t b a n o l .  

So lven t  s y s t e m  1, 96 t r ans fe r s .  

i; \ 
1; /,., ....-%..', 

o v "4, 

. . . . . . .  J -  

Tube No 

J:ig. 7. C.C.D.  cu rves  o f  t he  p r o d n c t s  o f  t he  
a c t i o n  o f  r i b o n u c l e a s e  on f tac tJon  ]/~ - ........... , 
z 5 m Jn a:fter a d d i t i o n  o f  en zym e ; . . . . . .  , 3 ° m h~ 
a f t e r  a d d i t i o n  ot  e l l zyme/  ....... , 60 rain a f t e r  
a d d i t i o n  of e n z y m e ;  (peaks a t  b ]bes  2, 6 and 

~4). S o l v e n t  sys tem :.,, 96 t rans fe rs .  

Treatment of this fraction with ribonuclease quickly altered tt~e C.C.D. cur~e 
and after 15 rain the high peak in tube O disappeared and a complex pattern appeared 
(Fig. 7). A peak at tube 2 4 appeared after 3 ° rain while after ]: h !t~e curve was, b! 
shape, very similar to that of rat-liver RNA extracted by the phenol-water method 
(Fig. z). During this alteration in the C.C.D curve there was no alteration in the 
base composition of each product. 

DISCUSSION 

The addition of naphthalene-z,5-dJsulphonic acid to +,he water in wi~ich the tissue 
was homogenised produced RNA which differed in its mode of fr,.~ctJonatJon with 
2-butoxyethanol and its C.C.D. pattern compared with RNA prepared in the absence 
of NDS. The differences found between the RNAs from rat liver were more marked 
when the preparations were made from chicken liver and less marked in RNA from 
regenerating rat-liver. 

Fraclionalion 

The basis of the fractionation of RNA by 2-ethoxy- and 2-butoxyethano] is not 
clear but possibly depends upon the cleavage of aggregates formed through hydrogen 
bonds of the A-U and G-C types as in the synthetic polynucleotides ~v. It  is obvious 
from the base compositions of the fractions that in all cases a mixture ~iel~ in G-C 
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is being separated from one rich in A-U. The differences between the fractionations 
of the RNAs prepared by phenol-water and phenol-NDS methods became more 
clear when these compounds were studied by C.C.D. 

Counter current distribution 

A comparison of the C.C.D. curves of rat-liver RNA (pheno]-water preparation) 
(Fig. I) with each of the curves of the three fractions shows immediately that the 
curves of the fractions cannot be summated to give the original curve of whole RNA. 
However, when the 3 fractions were mixed in the proportions in which they were 
present in whole RNA and examined by C.C.D. the curve obtained was similar to 
that of whole RNA again, and the peak in tube I of fraction I was not apparent. 
These curves indicate that RNA, as isolated by this method, is a complex mixture 
of components which interact with one another and are not easily separated by solvent 
system I. Examination of the C.C.D. curves of the RNA prepared in the presence 
of NDS shows that a higher proportion of the material with a partition preponderantly 
in the aqueous phase is present in these preparations, and a greater proportion of 
this is present in the chicken-liver RNA than in the rat-liver RNA. The amount of 
fraction I obtained by precipitation with 2-butoxyethanol from RNA is related to 
the height of the peak in tubes 0 or I! 

It  seemed possible that the reason for the difference between the RNA isolated 
by the phenol-water and phenol-NDS methods was that the phenol-water RNA 
was in fact more degraded and NDS Was inhibiting some nuclease present in the cell. 
No inhibition was noted if the cells were extracted directly with a mixture of phenol 
and water and the RNA isolated, since, the same C.C.D. pattern was produced as that 
by RNA isolated after homogenising the liver in water and then extracting with 
phenol. The action of NDS may be p~rtly due to the Na + as addition of NaC1 to the 
water yielded RNA with a slightly increased peak in tube o. 

Pancreatic ribonuclease was not inhibited by NDS (Table VI) but since 2 different 
ribonucleases have been reported to be present in rat liver TM this failure to inhibit 
may not be relevant. 

Effects of ribonuclease 

Pancreatic ribonuclease is known to cleave phospho-diester bonds between 
pyrimidine nucleotides and in accordance with this uridylic and cytidylic acids were 
lost from fractions I /I ,  2 and 3 upon treatment with ribonuclease. The material 
insoluble in ethanol after treatment with ribonuclease had a high content of guanine, 
and since the ratio of guanine to adenine was greater after enzyme treatment, 
particularly in fractions 2 and 3, it must be assumed that more adenine than guanine 
is associated with the disrupted pyrimidine nucleotides. 

The C.C.D. patterns of the products of the action of ribonnclease on the 3 reactions 
were very similar in solvent systems I and a second solvent system, based on 2-ethoxy- 
ethanol and ammonium sulphate solution, has also been used. Fraction i / I  was com- 
pletely insoluble in this system, while fraction 2 was only partly soluble. In contrast 
to this the products of the action of ribonuclease on the fractions were all completely 
soluble in this system. The C.C.D. curves again showed many similarities in a complex 
pattern which showed better resolution than solvent system I. The effect of ribo- 
nuclease on fraction I / I  was more marked than on fraction 2 and 3. Examination of 
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the action of smaller amounts  of ribonuc]ea.se on fraction ~/z dining shorte;  puriod,~ 

showed tha t  while the base composition remained unaltered the C.C.©. pa.tterp, 
changed considerably. The peak at tube o decreased after 1 5 rain, a seeend peak at 
tube 2 4 became evident rind was more pronounced after z h. This ]~erJ,: is not in tl~e 
same position as tha t  of the C.C.D. pat tern  for t;~NA extracted wii:b phene.]-..~v~-.te;-, 
but  then fractions z and 3 having parti t ions more ]n favour of tioe uppeT !)iiase a17c 
not present. However,  the position of tiffs peak is in reasonable agr<emen,: with that  
found for the second peak of rat-liver RNA (pheno l -NDS prci:mration) in so]veJ~,t 
system ~ (Fig. 2). The curve, after ~: h, is quite simiiar in shape to t]:at o, ,<]~ole R?qA 
extracted by the pheno) -wa te r  method and it is part icularly notice; bin tJ'~-t during 
this period of actJvitv there was almost no change in the base compodt ie  ~. 

These changes in th{ C.CD. pat tern of fraction ~:/I subsequc~ni: to the a<tio~ of 
ribonuclease and culmi3mting in a. C.C.D. pat tern similar to wi3ole ~NA e:<tractcd 
by  the phenoJ-wate.r :method, 5ndica.te tha t  some simJ]a.r enz3nr~e r~;~ction may be 
taking ])lace during t]>~ iso]ation of i:]~e RNA from the tissue. Mor(<~ver, it n-,i~.(hl i)~> 
expected tha t  the enz37?]le was ]e!,.'s acti-:e, or more anally Jnhfl)it{ d, J~ chickc:n ...bin 
in rat liver, and perhalx~ more acti; 'e in regenerating rat-liver. 

])ICI,Z~fAN AND ]~iNc; 1!~ ]lave s]lown t]mt, prior to hydrolysis uf p]?osphodie:dxr 
linkages, pancreatic rJl',onuc]ease caused a. non-hydrolyt ic  alteration of th,:~ ~-'tructure 
of yeast RNA and di]~{omei-rJc e)<perirnents by VAN])ENDI~I]ES',-;( ]-'.It e° ~-J]~<F,':7,:d ',.]]g!t 
addition of rH)onuc]ea>e to RXA solutions produced a tempor~ny incr.'.:a:~e i;~ ~he 
volume of the solution, whereas hydro]ysis of ]he !,~NA would have bce~,5 e?q)ected 
to decrease the volume. 

The changes obser, ed hi the CC.D. pattern of fl-actJon ~/T ~fier r(mct or~ -viii 
ribonuc]ease could be explained by  an alteration of tl/e s tructure of ~he ]ZNA n~olecui{ s, 
or by  a very  limited hyciro]ysis \ :hich would no{ affect the base .,:.o;r~poHtion< The 
evidence suggests that  RNA, isoia.ted i337 the pheno l -wa te r  method is, to some ~x~en , 
broken down more titan R N A  isolated by  the pl~enoi.-N])S radioed. NDS m a y  ne t  
lye the most  suitable salt for the purpose of h])ibiJ:in2 t]~,e enz',:~>e 'd~-c_ t]~< ~.c ~ 
curves of mater ia l  extracted in tiffs ~aa.y show son],. :  \TalTJp~tJon ?,D(~ )4])~; do(x -]or 
inh ib i t  pancreatic ribonueJease. 

The sugg-,~stion 1:h~t RNA extracted by the phenol -vcater method ir> s lme,vhat  
degraded finds support in the low content of ur idv] ic  and evt]d',][e a,c]d-: :;hand J.n 
pancreatic RNA cxtr~lctcd by  this n~etllod n. Since commercial p:nic -e~',t}c rg~,onuc]ease 
was inhibited i~ rd~'o hi, eJ,;tractJon-with phenol some other nut!ease n<a) i.)< Tespon- 
sib]e for the degr~datJeu. I t  Js of interest tha t  1(~{7',,]~.~ ~'.xu) A.~.)<.£;,. ~ ]';~\,.,. ]s~e]:'a~<d 
RNA fi:om tile p~u?creas of the dog by  extraction wit]l a hot: solutk)> <ff sodi]~m 
dodecy]sulphate and 1:?~is RNA was not deficient in pyrimidines. 

~,ierv recent]3/ L.<,qKov, ),]AT'GOLIASH, LITTAUER AN]) ]~IS}[N];H]~(7; "-~2 ba::c,  a l s o  

reported that  RN A isolated from rat-liver by  the phenol- w;~ter n~et]tod ',va,.; de.::raded~ 
They at t r ibuted tim degradation to impurities in the ])hanoi and % t:?}e ~ c!:io~] of 
heavy  metals, since tile]7 found tha t  R N A  vdt]~ a greater sedinTer~tatJo;~ cocfSci,.>t 
could be isolated Jf the phenol was dist i l led f irst ~md ethvlenedianlJrie t<traacet;',~c 
was present durh G t]~( isolation. I t  is possible that  ~ome of . . . . .  the ct ,-"(~'< ~<.{;," :. of l-]m 
RNA which they observed m a y  also be enzymic in nature if, in fee' .  th (  etude p])enoi 
contained some enz3;:m¢ "ac t i ' , a tor"  (q/ the degradation of I..'NA ];'~ C e ~ '  ;rod 
La 4 q + reported by  ]3A:,L.,d;>:, TRA]"MAbC)T AN'D .TT.~I,SCIa LP2I;L23). 
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LASKOV el al. 2~ starved their rats for 4 8 h before the preparation of RNA. It is 
of course possible that RNA after this period may not be the same as RNA in the 
non-fasting rat. The present preparations were made on animals which were not fasted 
and glycogen was removed by extraction with 2-methoxyethanol from phosphate 
buffer. LASKOV et al. 2~ stated that 2-methoxyethanol caused some degradation of 
RNA. This degradation was probably due to the peroxide content of the technical 
solvent since the material which represents fraction I/I in the present work remained 
in the aqueous phase and showed no signs of degradation during repeated extraction 
with 2-methoxy- and 2-butoxyethanol mixtures in the presence of phosphate ions. 
It was essential to purify the solvents ~s described in order to obtain consistent results 
with C.C.D. 

A C K N O W L E D G E M E N T S  

The counter current distribution apparatus was purchased through funds made 
available by the British Empire Cancer Campaign. 

I wish to thank Professor A. HADDOW, F.R.S., for his interest and Miss G. E. 
ADAMS for technical assistance. 

TFis investigation has been supported by grants to the Royal  Cancer Hospital 
and the Chester Beatty Research Institute from the British Empire Campaign, the 
Jane Coffin Childs Memorial Fund for Medical Research, the Anna Fuller Fund and 
the National Cancer Institute of the Nat ional  Institutes of Health, United States 
Public Health Services. 

~ E I F E R E N C E S  

1 j .  SACKS, P.  1). HURLEY AND J .  M. YOUNG, J. Biol. Chem., 214 (1955) 723 . 
2 B.  MAGASANIK, in  E.  CHARGAFF AND J..JN T. DAVIDSON, The Nucleic A cAds, Vol .  I ,  A c a d e n l i c  Press, 

I n c . ,  N e w  Y o r k ,  1955,  p.  373.  
3 1). ELSON, L.  ~,V. TRENT AND E.  CHARGAFF, Biochim. Biopl~ys. Acta, 17 (1955) 362.  
4 G.  DE LA.~IRANDE, C. ALLARD AND A. CANTERO, J. Biol. Cttem., 214  (1955) 519  . 
5 D.  F .  BRADLEY AND A.  RICH, J. Am. Chem. Soc., 78 (1956) 5898  . 
6 K .  I .  MUIRA AND K .  SUZUKI, Biochim. B{ophys. Acta, 22 (1956) 565 . 
7 F .  ] 2. DAVIS AND V. \ ¥ .  ALLEN, JYederation Proc., 15 (1956) 239.  
s R .  A.  BRO\VN, M. C. DAVIES, J. s .  COLTER, J .  B.  LOGAN AND P.  KRITCHEVSKY, Proc. Natl. dcad. 

Sci. Wash., 43 (1957) 857- 
9 L.  C. CRAIG AND D.  CRAIG, in  A.  \,VEISSBURGER, Techniques o/ Organic Chemistry, Vol. III,  

Interscience, New Y o r k ,  (2rid E d . ) ,  p a r t  l:, p .  419.  
10 ]~. R .  PORTER, Biochem. J., 53 (1953) 32o.  
11 K .  S. KIRBY, Biochem. J., 64 (1956) 405 . 
12 E .  CI~ARGAF~, in  E .  CHARGAFF AND J. ~'N. 1)AVIDSON, The Nucleic Acids, VoI.  I ,  A c a d e m i c  Press 

I n c . ,  N e w  Y o r k ,  1955,  p .  3 o8. 
13 R .  C. \ \ ;ARNER AND P.  VAIN]BERG, Federation Proc., 17 (1958) 33 I .  
14 R .  \;V. HOLLE'x" AND S. H .  MERRILL, J. Am. Chem. Soc., 8I (1959) 753. 
15 \ \ r .  HAUSSMANN AND L.  C. CRAIG, J. Am.  Chem. Soc., 80 (I958)  2703  . 
16 K .  S. KIRBY, Bioehem. J., 66 (1957) 495.  
17 R .  C. \~'ARNER, J. Biol. Chem., 229  (1957) 711. 
is j .  S. ROTH, L. INGLIS AND 1). BACHMURSKI, J. Biol. Chem., 214 (1957) 723 • 
19 S. ]?v. 1)ICKMAN AND :lB. RING, J .  Biol. Chem., 65 (1956) 347.  
20 L.  VANDENDRIESSCHE, Arch. Bioehem. Biophys., 65 (1956) 347.  
21 j .  \V.  KEMP AND l q'. \ ¥ .  ALLEN, Biochim. Biophys. Acta, 28 (19.58) 51. 
22 R .  LASKOV, E .  MARGOLIASH, U. Z. LITTAUER AND H .  EISENBERG, Bioehim, Biophys. Acla, 33 

(1959) 247.  
23 E .  BAMANN, H .  TRAPMANN AND F.  FISCHLER, Biochem. Z., 326 (1954) 89.  

Biochim. Biophys. Ac/a, 4 ° (196o) 1 9 3 - 2 o 5  


