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Sum=. In vitro polypeptide synthesis using a combination 
ET-G1 membrane-bound polysomes and either Cl or G2 0.5M selt 
wash gave apprecieble incorporation into light chain immuno- 
globulin. When G2 polysomes were used with G2 salt wish, light 
chain synthesis was much reduced, however, when G2 selt wash 
was replaced by that from Gl then the synthesis of light chain 
by G2 polysomes was stimulated. The results suggest that some 
factor present in the Gl phase wzs able to activate translation 
of light chain mRNA which is apparently quiescent in the G2 
phase. 

The synthesis of immunoglobulin has been shown to be most 

active toward the end of Gl and the beginning of 2 phase (l-4). 

Restriction of the synthesis of light chain immunoglobulin to 

:I certain phase of the cell cycle could be explained either 

by breakdown of light ch:!in mRNA after the period of Fictive 

translation, by loss of a specific effector molecule from the 

informosome or readdition of 7; 'locking factor' PS suggested 

by Spirin (5). ilecent estimntes of the half-life of poly (A)- 

containing mRhA irl cells that proliferate rapidly suggest thet 

it turns over perhaps once per cell generation and this would 

argue against the possibility that breakdown of mRNA alone is 

the most important factor in the control of protein synthesis. 

'The mRNA which codes for light chain is indeed long lived 

(6,7) and furthermore Cowan and Milstein (7) suggest that the 

mRNA must survive mitosis, presumably to be translated in the 

following cell cycle. This suggestion is substzntiFt,ed by 

recent observations in our l;.bor:'tory where cells in the G2 

phase h:.ve been shown to synthesise only small amounts of 

light chain but immedi:tely after the completion of mitosis 

synthesis conmences rapidly (to be published). 

83% 



Vol. 61, No. 3, 1974 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

iS'e have reported tile existence of a fnctor in the @.5M 

si:lt wash of me:nbr;-ne-bound polysomes in WC-11 cells which 

possesses specificity for this class of polysomes (8). Since 

the synthesis of light chiin in Ml'C-ll cells is known to 

occur on ;nembr:tne-bound polysomes (9) it is tempting to 

speculate that the above observation mn;y indic:te the presence 

of : specific factor for the efficient tr:,nsl;tion of light 

chain mRT.A, 'The requirement of speci'ic initiation frctol,s 

for the effective translation of sever;11 rnRNAs is now well 

established (10-14). 

It is evident that the light chair1 mRNA rlthouC;h present irl 

the cell during all phases of the cell cycle is riot translated 

:Lt the same continuous r:.te in the various phr ses. The 

knowledge that the miNA is long lived strongly suggests that 

regulation must be at the level of some specific factor. 

Exzrimental _- ------ * 

Cell line and growth conditions __------ -----------* MPC-11 cells (15) were grown 

in Bulbecco modified Eagle medium containing in addition per 

10 liters : 376 sodium bicarbonate, 5.8g glutamine and lg 

sodium pyruvate. The pH was finally adjusted to 7.2. :n 

addition the medium conLined 15% he: t inactivated horse serum 

and 25U penicillin and 25~.1g streptomycin per ml. 

Jynchronization of cell cultures _ . Ce-tls were synchronized by 

growth in isoleucine deficient medium (4,16,17) for 20-25 hrs 

before transfer to complete medium. Cultures were harvested 

either at the end of Gl phase (2 hrs after transfer) or in 

G2 phase (12 hrs after transfer). 

Isolntion of membrane-bound ___A-_---------- poQsomes and preparation of 0.5M ---- 

salt wash __----- * 3.108 cells were suspended in 4ml buffer A (1OOmM 

KCl, 5mM mrgnesium acetate, 2CmM Tris pH 7.6) and hosnogenized 

using the techrlique of nitrogen cavitation (18,19). The post- 

mitochondrial supernatant was centrifuged at 27COOxg for 10 

min to give a microsomal pellet containing the membrane-bound 

polysomes which synthesise light chain immunoglobulin (19). 

The pellet was resuspended in buffer A and solubilized by the 

addition of a mixture of Kyro EOB (a non-ionic detergent) and 

sodium deoxycholate (15). Polysomes were pelleted by centrifug- 
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<ation at 150,OOOxg for 2 hrs in the 460 rotor of the IX U-60 

ultrncentrifuge. 'The pellet was resuspended gently in buffer A 

and 4Ivl KC1 was added slowly with mixing to a final concentration 

of 0.5M. Following incubation at 0' for 30 min the polysomes 

were agtiin pelleted by high speed centrifugation, resuspended 

in buffer A containing 5% glycerol and stored in small aliyuots 

at -9oO. The clear supernatant from the second high speed 

centrifugation (the 0.5k salt wash of polysomes) 1~:s dialysed 

for 12 hrs against one hundred volumes of buffer A containing 

5rnM 2-mercaptoethanol and 5% glycerol. After dialysis the salt 

wash was divided into 100~~1 aliquots, frozen and stored at -90'. 

Polypeptide synthesis in vitro --------- * In vitro synthesis was carried 

out as described previously (15) except that high speed super- 

natant from Krebs 11 ascites cells was used , and pH5 frFction 

isolated from MPC-11 cells by the method of Falvey and 

Strehelin (20) replaced mouse liver <RNA. In so:ne assays 0.5Vi 

salt wash pro.tein of WC-11 membrane-bound polysomes was added. 

Following incubation at 37' reaction mixtures were chilled in 

ice and diluted with an equal volume of R solution containing 

0.025-0.511% non-radioactive arnino Fcids. Aliquots were 

immediately taken for imnunoprecipiti~tion and radioactivity 

incorporated into light chain was determined as previously 

described (9). 

Results and discussion -_------- 

Membrane-bound polysomes were isslated toward the end of Gl 

phase where light chain synthesis is appreciable and in the G2 

phase where synthesis is minimal. A 0.5X salt wash arid corres- 

ponding salt washed polysomes were prepared from er-ch nopulation. 

The abilities of Gl i:nd G2 salt w?-&shes to stirnul:,te light chain 

synthesis in vitro using Gl and G2 s:(lt washed membrane-bound 

polysomes was tested. 'The concentration of protein -dded was that 

which gave maximal stimulation of light chain synthesis in 

the Gl and G2 systems respectively. The results are presented 

in 'Table 1 and are the average values fro.r, three separate 

experiments. In each experiment h variety of control essays 

were performed and these de,nonstrated that only a background 

of 7C-85 cpm was achieved when the in vitro mixture did not 
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Table 1 Incorporation of ------ * - 
chain in vitro _------a 

Additions to the in vitro mixture Radioactivity (cpm) 

light chain 

Gl polysomes 360 

Gl salt wash 8C 

Gl salt wash, ribosomal subunits a5 

51 polysomes, Gl salt wesh 168C 

22 polysomes 120 

G2 salt wash 75 

G2 snlt wash, ribosomwl subunits 80 

C2 polysomes, G2 salt wash 23c 
_-_---------------- pm---- ---- 
Gl polysomes, G2 salt wash 1485 

G2 polysomes, Cl salt wash 395 
----I_--- --------------_I 

No additions 70 

Hii:h speed supernatant omitted 85 

pH5 fraction omitted 75 

Incubation mixtures contained : 50mM KCl, 1OOmM am.rlonium 
;:cet:'te, 3.5mM magnesium rocetpte, 6mM 2-merceptoethanol, 
1O:nM Tris (pH 7.4), 1.51-:&l ATP, 0.5mM GTP, 15mM phospho- 
creatine, 60pg/ml phosphocrentine kinpse, T$prox. 0.3~ mol./ 
ml of 20 amino acids containing 0,8#i/ml[ Cl-labeled ;mino 
acids, O.lmg/ml Krebs 11 ascites high speed supernatant and 
1.7 A'ci60nm units/ml of pH5 fraction from MPC-11 cells. The 
following additions were made to the incubation mixtures 
where indicated in the Table : 0.3 A26Onm units of 0.5M salt 
washed Gl or G2 MPC-11 membrane-bound polysomes, 3Opg 0.5hI 
salt wash protein from Gl or G2 polysomes, 2OOpg MPC-11 
ribosomal subunits. Incubation and isolation of light chain 
irmnurloglobulin wzs performed as indic;'ted in Sxperimentrl. 

ccntain polysoTes or polysones and salt niash. Light chain 

mHNA was apparently not extracted from polysomes by the 0.5M 

KC1 treatment since no light chain synthesis was observed upon 

the addition of riboso,nal subunits to 0.5M salt wash in an in 

vitro assay. Ribosornnl subunits were isolated from WC-11 cells 

:..ccording to the method of Mechler and Mach (21). Polysome 
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profiles of preparations treated with either 0.5M or O.lM KC1 

were virtually identical indicating that there was no break- 

down of the polysome structures as a result of the high salt 

treatment. 

As expected the most effective synthesis of light ch;jin 

occurred in the system where the co.nponents were frotn the Gl 

phase. The G2 system was much less effective. These in vitro 

observations were in fact in complete agreement with previous 

results where light chain synthesis was studied in intact 

cells (4). iiather surprisingly the G2 salt wash appeared to 

have almost the same stimulatory effect on Gl polysomes as 

those from the Gl phase, suggesting that once the mRNA was in 

polysones then the set of factors present in a G2 spit wesh 

was sufficient to enable efficient translation of the 

messenger to Froceed. If the loss of translatory ability of 

light chain mRNA in the G2 ph;,se was caused by the addition of 

a 'locking' factor to the informosome complex or the result of 

the appearance of an interference factor, Similar to 

observations in prokaryote systems (22), then one would expect 

that the G2 salt wash would cause the inhibition of trrnSlatiOn 

of light chain mRMA by Gl polysomes, assuming that such 

factors had been ramoved by the high sF?lt. Inhibition, 

however, was not observed. 

Jhen Gl salt wash was added to G2 polysomes then stimulation 

above that caused by G2 salt wash was observed. Although the 

degree of stinulation caused by Gl salt wash on G2 oolyso,nes 

'was much less than that on Gl polysomes, the observrtion is 

quite reproducible. Since the Gl salt v;ash neither alone nor 

with the addition of ribosomal subunits was able to prcrnote 

synthesis of light chain, the results are consistent with the 

sugk;estion that some factor Fresent in the Gl phase is rble to 

'activate' the light chain mHNA present in the G2 phase and 

enable it to be translated. The model suggesting the productjon 

of an effector molecule is thus favoured (5). 

Christman et al (23) have de,nonstrated that when reovirus- 

infected I. cells are incubated in KCl-Tris medium, the viral 

mHNAs accumulate as 50s messenger-containing ribonucleoprotein 
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particles which are apparently not associated with ribosomal 

subunits. Upon restoration of normal growth medium the viral 

mRniAs were shown to rapidly enter into polysomes. Since it was 

possible to isolate mRNA from the 50s particles which coded for 

protein in vitro it was evident that the mRNA was stored as an 

mRNP complex during the period of incubation in KCl-Tris medium, 

Restoration of suitable conditions presumably resulted in 

immedi:ite synthesis of the missing factor(s) enabling translation 

of the viral mHNAs to be resumed. A similar effect has been 

described by iiudland (24) who showed that in resting 3T3 

fibroblnsts presumptive mRNA molecules predominantly accum- 

ulated as cytoplasmic ribonucleoprotein particles, the RNA of 

which could be chased into polysomes by the addition of animal 

serr. to the resting culture. 

Herzberg et al (25) have shown that the loss of globin 

synthesising ability in mature reticulocytes is due to R loss 

of trnnslfitory factors and not to a loss of globin mRNA. Globin 

synthesis by m:iture ribosomes could be stimulated by the 

addition of salt wash fron ribosotnes of young cells. One can 

therefore postulate that control of globin synthesis in aging 

reticulocytes is caused by the progressive loss of trenslatory 

factors. Extrapolation of these results to the system described 

here would require that one of the first events occurring 

im:nediately as the cell erlters Gl phrse would be the synthesis 

of so,ne factor(s) which would enable the mRNA stebilised in the 

informosome complex in the previous cell cycle, to enter 

polysomes and cause the onset of light chain synthesis. The 

translation of light chain mRNA would proceed until degradation 

of the factor resulted in reduced synthesis, its ultimate 

djsappearance terminating synthesis entirely.The mRNA, in its 

informosomal complex, now returning to the stable form for the 

duration of most of S ph:;.se, the G2 phase and mitosis. 

The present results substantiate the accumulating evidence 

that control of translation occurs at the level of mRNA 

discriminating factors (10-14). Furthermore, the regulation of 

translation of specific mHNAs during the various phases of the 

cell cycle may also be controlled by such frctors. 

843 



Vol. 61, No. 3, 1974 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

Acknowle&ements. &rs hnny Knudsen :end Mr. Asbjbrn I!Fvsggrd are ----- ----- 
thrnked for their skilfull technical assist:nce. 'This work was 

supported by grants from Norges Almenvitenskapelige h'orskningsrgd. 

References ----- 

1. Buell, D.N. and Pahey, J.L. (1969) Science (Washington) 
164, 1524-1525. 

2. Tzahashi, M., Yagi, Y., Moore, G.T. and Pressman, u. (1969) 
J. Immunol. 103, 834-843. 

3. Byars, N. and-Kidson, C!. (197G) Nature (London) 266, 648-650. 
4. Pryme, I.F., and Garatun-Tjeldstb, 0. (1972) AbsGr 2. Int. 

Congr. Cell Biology, Brighton, U.K. p. 75. 
5. Spirin, A.S. (1969) Xx-. J. Biochem. l@, 20-35. 
6. Storb, U. (1973) Biochem. Biophys. Res. Commun. 52, 1483-1491. 
7. Cowan, N.J. and Llilstein, C. (1974) J. Liol. i3io!. 82, 

469-481. 
8. Abraham, K-A., Pryme, 1.F. :'n.-l Eikhom, T.8. (1974) aiol. 

Biol. Reports 1, 371-377. 
9. Pryme, I.F., Garatun-Tjeldstb, C:., Birckbichler, f'.J., 

jkeltman, J.K. and Uowten, ii.1~. (1973) Eur. J. Biochem. ZI., 
374-378. 

Acrid. :ici. U.S.A. 67 --, 10. Heywood, S.1~1. (1970) ProC. Nat. 
1782-1788. 

11. liourke, A.'/$. and Heywood, S.Nl. 
2C61-2066. 

12. Wigle, 0.T. and Smith, A.E. (19 

(London) 242, 136-140. 
13. Nudel, U., Lebleu, B. and Revel 

(1972) Biochemistry 11 --, 

73) Nature Iuew Biol. 

, M. (1973) Proc. Nat. Pcad. 
Sci. U.S.A. 10, 2139-2144. 

14. Gilbert, J.M. (1974) Biochim. Biophys. Acta 340 --- 7 140-146. 
15. Birckbichler, P.J. and Pryme, 1.1;. (1973) Xur. J. Bioche~. 

22, 368-373. 
16. Abraham, K.A., Pryme 

Exp . 
Cell Ives, 82 p;-:bz., ibro, A. and Uowben, H.bi. (1973) 

r 

17. Tobey, R.A. and%y, X.D.'(1?70) J. Cell Eiol. 46, 151-157. 
18. Dowben, II.N;., Lynch, P.K., Nadler, H.L. and Hsia, D.Y. 

(1969) Exp. Cell Res. 25, 167-169. 
19. Pryme, 1.F. h'EBS Letters in press. 
20. Falvey, A.K. :,nd Staehelin, T. (1970) J. Mol. Viol. 53, l-15. 
21. Kechler, B. and Mach, B. (1971) Eur. J. Biochem. 21, 552-564. 
22. Haselkorn, ii. and Rothman-genes, L.B. (1973) Ann.-Eev. 

Biochem. 42, 397-438. 
23. Christman, J.K., Heiss, B., Kyner, D., Levin, u.H., Klett, H. 

and Acs, G. (1973) Biochim. Uiophys. Acta 294 --? 153-164. 
24. Rudland, P.S. (1974) Proc. 1ia.t. Acad. Sci. U.S.A. 7l, 750- 

754. 
25. Herzberg, hl., Revel, M. and Danon, I). (1969) Eur. J. Biochex. 

ll, 348-153. 

844 


