
Vol. 56, No. 1, 1974 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

THE POLY A CONTENT AND SECONDARY STRUCTURE OF THE 14S 

CALF LENS MESSENGER RNA 

Alain Favre and Umberto Bertazzoni ~ 

Laboratoire de Biochimie du D~veloppement, Laboratoire de G~n~tique Mol~culaire 

I ns t i t u t  de Biologie Mol~culaire, Universit~ Paris VI I ,  75005 Paris, France 

Anton J.M. Berns and Hans Bloemendal 

Department of Biochemistry, Universi ty of Nijmegen, The Netherlands 

R e c e i v e d  November 21, 1973 

SUMMARY 

The 14S ca l f  lens messenger RNA (mRNA) coding for the A2 chain of 
a - c r ys ta l l i n  was isolated from ca l f  lens polyribosomes by zonal 
centr i fugat ion and pur i f ied by poly- (dT)-cel lu lose chromatography 
and subsequent sucrose gradient centr i fugat ion.  
From the pur i f ied messenger the poly A content was estimated by 
measuring the increase of the fluorescence of Ethidium-br~mide 
in terca la t ing  the hybrid formed by t i t r a t i o n  with poly U. ~ 
About 15% of the messenger is composed of poly A. The character is t ics  
of the poly U t i t r a t i o n  curves indicate that other bases are also 
present in the poly A track. Further the 14S messenger exhibi ts a 
secondary structure comparable with TMV and Globin mRNA. 

INTRODUCTION 

The presence of poly A in eukaryotic messengers, with exception of histone 

mRNA is well established (1-7). Also ca l f  lens messengers should contain 

poly A tracks since they can be pur i f ied  on o l igo(dT)-ce l lu lose and serve 

as a template for the reverse transcr iptase using oligomer of (dT) as 

primer (8). 

As 14S lens messenger has a molecular weight of approximately 450,000 

~Euratom s c i e n t i f i c  agent. This publ icat ion is contr ibut ion n o 971 

of Euratom Biology Division. 

~A prel iminary communication describing these method used here for the 
study of RNA secondary structure and determination of the poly A content 
of mRNA was presented by A.F. at the work-shop on mRNA's in eukaryotic 
ce l ls  held in Arol la 11-16 sept. (1972). 
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dalton (9), more than twice as long as expected, the knowledge of the 

length and nature of the poly A w i l l  contr ibute to the understanding of 

the archi tecture of th is messenger. 

MATERIAL ArID METHODS 

Calf lens polyribosomes were isolated as described ea r l i e r  (10). The lens 

polyribosomes were dissociated with SDS and the RNA was separated by zonal 

centr i fugat ion.  The d i f f e ren t  RNA fract ions were tested for the i r  coding 

a b i l i t y  by t ranslat ion in a ce l l - f r ee  system derived from Ehrl ich Ascites 

cel ls (EAT cel ls  were a generous g i f t  of Dr. E. Henshaw,Beth Israel 

Hospital, Boston U.S.) and were grown in suspension (11). A crude ce l l - f r ee  

system was prepared as described for  the Krebs I I  ascites ce l l - f r ee  

system (12). 

The protein synthesis reaction was performed in a f ina l  volume of 25 ~I and 

contained the fol lowing components: 15 ~I Ascites ext ract ,  12 mM HEPES, 

pH 7.5, 0.14 M KCI, 3 mM Mg acetate, 1 mM ATP, 0.2 mM GTP, 8 mM phospho- 

creat ine, 25 ~g kinase, cold amino acids minus methionine as described by 

Palmiter (13), 1 ~Ci [35~ methionine (100 Ci/mmol), 3 ~I 0.5 M KCI wash 

from ret icu locyte ribosomes (14) and 3 ~I messenger RNA (100 ~g/ml). 

Incubation was carried out for I hour at 37 o . 1 ~I 0.25 M EDTA and i ~I 

pancreatic RNAase (500 ~g/ml) was added and incubation was continued for 

15'. Af ter  addit ion of unlabeled car r ie r  lens c rys ta l l i ns ,  SDS and mercapto- 

ethanol were added to a f inal  concentration of 2 and 5%, respect ively.  This 

mixture was incubated for i hour at 37 o and applied on SDS gels according 

to Laemmli (15). Af ter  staining and destaining longitudinal  s l ices were 

dried down on f i l t e r  paper and autoradiographed for 48 hours. The RNA 

f ract ion obtained from zonal centr i fugat ion which codes almost exclusively 

for ~A2 was pooled and submitted to f ract ionat ion on poly (dT)-cel lu lose 

as described elswhere (16). The poly A containing RNA was eluted at 50 o 
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with 0.05% SDS and applied on a 10 - 28% exponential sucrose gradient in 

50 mM NaCI and I0 mM Tr is -Cl ,  pH 7.6 and run at 40,000 rpm for 16 hours at 

5 o in a SW 41 rotor  of a Spinco in order to remove slow sedimenting poly A 

containing 14S mRNA fragments. The material pur i f ied  on poly (dT)-cel lu lose 

migrated as a single component in the 14S posi t ion. By this procedure of 

poly (dT)-cel lu lose chromatography and sucrose gradient centr i fugat ion the 

14S messenger was pur i f ied  about 20 fo ld.  

Rechromatography on poly (dT)-cel lu lose did not resu l t  in any fur ther  

pu r i f i ca t i on .  

The fluorescence was measured with a Jobin Yvon spectrof luor imeter.  The 

exc i ta t ion  wavelength was 540 nm, the emission wavelength 600 nm. The 

cuvette containing the RNA in 600 ~I of a buf fer  consist ing of 0.05 M sodium 

cacodylate, pH 7,0 and 0.05 M sodium chlor ide,  was inserted in a cuvette 

holder thermostated at 25 o . 

T I RNAase digest ion was performed by adding 5 ~I of 1 mg/ml T I RNAase d i rec t -  

ly to the mixture in the cuvette. 

Ethidium-bromide was a g i f t  of Dr. Cobb of the Boots and Pure Drug Co. 

(Nottingham, England). Poly (U) and poly (A) were purchased from Miles 

Laboratories and T I RNAase from Sigma Chemical Company. Tobacco MosaTc Virus 

RNA (TMV RNA) was a kind g i f t  of Dr. H. Gui l ley. 

RESULTS AND DISCUSSION 

A. Puri ty of the 14S messenger 

Calf lens messenger, used in these experiments, was pur i f ied  by zonal 

cent r i fugat ion and poly (dT)-cel lu lose chromatography followed by an 

addit ional sucrose gradient cent r i fugat ion step. The zonal centr i fugat ion 

step separates the 14S messenger almost completely from the other lens 

messengers; as can be seen from the in v i t ro  products synthesized under 

the d i rect ion of the d i f f e ren t  RNA fract ions (Fig. I ) .  
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Figure 1. Autoradiographs of lens mRNA directed t rans lat ional  products. 
I .  with 14S messenger; 2 . , 3 . , 4 . :  with d i f f e ren t  lOS messenger f rac t ions.  

The poly (dT)-cel lu lose chromatography resul ts in a fur ther  pu r i f i ca t i on ;  

only 5% of the crude 14S messenger preparation, which contained also some 

18S ribosomal RNA, was eluted at high temperature. As rechromatography on 

poly (dT)-cel lu lose resulted in no fur ther  pur i f i ca t ion  al l  the RNA obtained 

by this procedure should contain poly A sequences. In order to pur i fy  in tact  

RNA from possibly degrated messenger products the material eluted at high 

temperature was recentr i fuged on an exponential sucrose gradient. The 

material migrated in the 14S posit ion as a single component without any de- 

tectable degradation. 

B. Secondary structure of the 14S messenger 

I t  is well known (17) that at low concentrations of ethidium-bromide and 
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nucleic acid, in a medium of moderate ionic strength, the dye spec i f i ca l l y  

in tercalates in the double-stranded regions of the nucleic acid. The in te r -  

calat ion process is accompanied by a considerable increase in ethidium- 

bromide fluorescence and can thus be easi ly  monitored. We have already used 

this technique to study RNA-protein interact ions (18). 

The determination of the number of in terca la t ion  s i tes in a given RNA 

molecule can be related to the extent of secondary structure.  In Fig. 2 the 

uptake of  dye by lens mRNA is shown. Addit ion of T 1 RNAase resulted in a 

Y[~oresce~ce 
imtemsil: 7 

goo 

250 

5 iO 15 
~JchivJi~rm brorm~de iO'6M 

Figure 2. Secondary st ructure of lens 14S mRNA, 
Fluor imetr ic t i t r a t i o n  of lens mRNA - 0.0980 A~60 uni t /ml-  and Tobacco 
MosaTc Virus RNA - 0.0975 A260 uni t /ml-  by ethidium-bromide at 250 
in 600 ~I of 0.05 M NaCl, 0.05 M sodium cacodylate pH 7 buf fer .  The 
fluorescence signal was read (~ exc 540 nm- ~ em 600 nm) a f te r  each 
addit ion of 3 (or 5 M)  of a 10 -4 M dye solut ion.  

drast ic  decrease of the fluorescence in tens i ty  indicat ing extensive degradation 

of the RNA structure (Fig. 3). The extent of base pair ing was less in 14S 

mRNA than in Tobacco Mosaic Virus RNA and was close to that observed in duck 

and rabbi t  globin mRNA in which b ihe l ica l  regions account for  45 to 60% of 

the tota l  RNA length (19). 

C. The poly A track of 14S mRNA 

The experimental p r inc ip le  used here is the fo l lowing: the hybr id izat ion of 
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a homopolyribonucleotide (poly U) to a complementary polymer (poly A) resul ts 

in the formation of a b ihel ica l  structure that can be visual ized and quant i ta t -  

ed by fol lowing the increase in fluorescence of ethidium-bromide present in 

excess in the mixture. As soon as the hybr id izat ion process is going to 

completion, the fluorescence in tens i ty  w i l l  reach a plateau. As i l l us t ra ted  

in Fig. 3, the amount of poly U needed to saturate synthetic poly A is equal 

to the amount of poly A i n i t i a l l y  present, and is given by the in tersect ion of 

the i n i t i a l  and plateau segments of the t i t r a t i o n  curve (saturat ion point) .  

When applied to the 14S mRNA, th is technique revealed the presence of poly A 

tracks. As in the case of synthetic poly A and poly U, a sharp saturat ion 

point is obtained (Fig. 3) but the slope of the i n i t i a l  part of the t i t r a t i o n  

FLuorescemce 
in~:ensi'L'y 
200 

150 

I00 

~0 ~W lens mRNA 
di,~este¢l by T 1 RNAase 

20 50 
kd PoIy (.V)added 

Figure 3. Detection of poly A tracks in lens mRNA. 
Solution, 600 ~I ,  of ethidium-bromide 2.10 -6 M containing respect ively 
0.049 A2so unit/ml lens mRNA or 0.0087 A260 unit/ml of poly A were prepared 
in the solvent condit ions of Fig. i .  The TI RNAase digested mRNA sample was 
obtained by incubation for  1 hour with 10 ~I of a I mg/ml enzyme solut ion.  
T i t ra t ion  of each sample was performed at 25 o by stepwise addit ion of 3 ~I 
al iquots of a 5.10 -5 M poly U solut ion and the fluorescence signal read 
2 min a f ter  each addi t ion.  
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curve is two times smaller than those obtained with synthetic poly A, duck 

and rabbit  globin mRNA (19) and with m casein messenger from sheep mammary 

gland, respectively (20). A possible explanation to this f inding could be 

that the association constant of poly U for the poly A tracks of 14S mRNA is 

much lower than for synthetic poly A; this would, however, be consistent with 

a convex t i t r a t i o n  curve instead of the stra ight  segments and sharp saturation 

point obtained here. The slope of the t i t r a t i on  curve of synthetic poly A by 

poly U decreases as ionic strength increases: In order to avoid this artefact 

the 14S mRNA was precipitated and washed with ethanol before performing the 

fluorescence experiments. The fact that the slope of the t i t r a t i on  curves 

remains unchanged af ter  T 1RNase degradation strongly indicates that the 

conformational freedom of the poly A segment is not l imited by the mRNA 

secondary and te r t i a r y  structure. 

Therefore the only consistent interpretat ion of our results is that the 

poly A track is interspersed by other bases which prevent a perfect duplex 

formation leaving short unmatched regions. Further evidence was obtained by 

t i t r a t i n g  with poly U the RNase T I digest of the 14S mRNA (Fig. 3). The ex- 

tent of hybridization decreased by 20%, suggesting that small poly A segments, 

shorter than 10 residues in length, were formed and were unable to hybridize 

poly U in our conditions. 

Assuming an ext inct ion coef f ic ient  (P) of 8000 for mRNA, 3.6 nmoles of mRNA 

were i n i t i a l l y  present in the t i t r a t i on  experiment. From the amount of 

poly U added to reach the saturation point the adenine plus the interspersed 

bases of the poly A track account for 0.55 nmoles, that is to approximately 

15% of the total  base content of the mRNA. 

CONCLUSION 

The secondary structure found in the 14S calf lens mRNA resembles that of 

other messengers from viral as well as mammalian origin. 
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The total poly A track is estimated to contain approximately 200 residues. 

However the poly A is probably interspersed by other nucleotides. Therefore 

the application of other techniques to determine the length of the poly A 

in the 14S messenger (e.g. T I digestion and determination of the molecular 

weight of the undigested fragment) may lead to underestimation of the 

actual size. 

Since our findings show that the discrepancy between the length of the 14S 

messenger (approximately 1300 nucleotides) and the size of the encoded 

protein (173 residues) (21) cannot be explained by the presence of an 

extremely long poly A track, i t  cannot be excluded that the 14S mRNA is 

bicistronic or codes for a much longer precursor molecule, although so 

far no evidence could be provided for either of these poss ib i l i t ies .  
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