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SUMMARY. The decay rate of lactose messenger RNA is strongly decreased 
when inhibitors of dihydrofolate reductase are added to the growth medium. 
The effect is not immediate : it appears after one generation of growth 
in the presence of the inhibitor. Additional genetic evidence suggests 
that the level of one carbon-tetrahydrofolate might be involved in the 
processing of mRNA. 

In a recent study, we have shown that the coordinate expression of 

the lactose operon of E.coli is dependent upon the availability of for- 

mylated initiator tRNA. If the level of formyl groups is lowered by the 

antifolic agent trimethoprim a strong polarity appears : the expression 

of the Lactose operon becomes uncoordinated (1) . 

In order to further investigate the role of folic acid metabolism 

in the expression of polycistronic messengers we studied the relationship 

between translation and messenger RNA decay in the lactose operon. In the 

present paper we show that the addition of trimethoprim or aminopterin 

to bacteria results in an increase in the differential rate of enzyme 

synthesis which can be accounted for by a slower decay of biologically 

active mRNA. This and further evidence suggest that the alteration in the 

available pools of one carbon tetrahydrofolate substrates might be respon- 

sible for this phenomenon. 

MATERIALS AND METHODS 

SMti and kkdia. The following E.co.li strains were used : CP78 
(thr leu his arg) ; CP78.T,(thr Zeu his arg foZl spontaneous mutant resiz- 
tant to 2 pg/ml trimethoprim ; and the isogenic pairs : G16L gZyA, G16L 
(gZyA* ; PI transductant of G16L) and FA22I hisC, FA261 (h&C+ ; PI trans- 
ductant of FA221) constructed for this work. 
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Bacteria were grown at 37'C (except Gl6 pairs grown at 33“C) in 63 
minimal medium supplemented with the required amino acids (50 ug/ml),thia- 
mine (5 pg/ml) and glycerol, glucose (0.4 X) or succinate as a carbon source. 

EnzyrmLtic abbayh. 8-galactosidase was assayed according to Pardee et al. 
(2) and thiogalactoside transacetylase according to Leive and Kollin (3), 
with slight modifications, in bacterial suspensions permeabilized with 
toluene and deoxycholate. Enzyme units are expressed in nmoles of substrate 
converted per min at 28“C. 

Lac mRNA decay meabwwnentd were performed according to Kepes (4). Expo- 
nential cultures were induced with iaopropyl-8-D-thiogalactoside, 60 uM. 
After 90 seconds of induction rifampicin was added (150 I-g/ml). The time 
course of the expression of mBNA initiated d&ing the pulse induction was 
followed by sampling on chloramphenicol (50 ug/ml) at short intervals and 
measuring 8-galactosidase and thiogalactoside transacetylase activities. 

RESULTS 

The addition of low concentrations of trimethoprim (0.5-1.5 pg/ml) 

to bacterial cultures lowers the extent of fonnylation of the aminoacyl- 

ated initiator tRNA (5, 6). The kinetics of induction of the lactose 

operon enzymes of E.coli under these conditions were investigated. 

It is well established that upon addition of inducer the differen- 

tial rate of enzyme synthesis is constant and maximal from the start (7). 

If trimethoprim is added concomitantly with the inducer, the increase of 

enzyme synthesis as a function of bacterial mass increase exhibits a 

biphasic pattern. This is illustrated in Figure 1 : after one generation 

of growth in the presence of trimethoprim, the rates of both 8-galactosi- 

dase and transacetylase synthesis are markedly increased. Initially, and 

for about one generation, the differential rate of enzyme synthesis is 

somewhat inhibited. The extent of inhibition depends upon the nature of 

the carbon source : in the presence of glucose or succinate the inhibition 

is more pronounced than in the presence of glycerol or lactate. Figure 2 

shows t& effect of trimethoprim on the rate of enzyme synthesis of a 

culture grown in the presence of glucose. 

Aminopterin, another inhibitor of dihydrofolate reductase, shows 

similar effects to that observed with trimethoprim, whereas in the pre- 

sence of other inhibitors of protein synthesis affecting the initiation 

(kasugamycin) or elongation (chloramphenicol) of polypeptide synthesis, 

the differential rate of enzyme synthesis is permanently inhibited (Fig. 

3). 
The finding that the expression of the lactose operon is signifi- 

cantly increased in the presence of inhibitors of dihydrofolate reductase 
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Fig. 1 Edi~wi 06 -ttimethopti on the cLi~&uumtial tie 015 wzyme 
nynthexd : cWti g&ouJn in gLycetro1. 

To exponential cultures of strain CP78, trimethoprim 
(1 ng/ml)and IPTG (1 mM) were added concomitantly. At dif- 
ferent time intervals the amounts of B-galactosidase (GZ) and 
transacetylase (AC) were determined. Units of enzyme are 
plotted as a function of bacterial dry weight. M without 
trimethoprim, x--x with trimethoprim. The growth curves of 
the cultures are shown in the insert. 

Fig. 2 E~&.czt 06 atdme.thopaim on a%& di~&me-nti~ tie 06 enzyme 
~ynthe/h : cuetwren ghown in g&code. 

Experimental conditions are similar as described in 
Fig. 1. 

Fig. 3 E~&ct 06 di66~~ent inhib.Ltom on the d4~~~enLi.d tie 06 
B-galactohidabe b yntheA& . 

Experimental conditions are as described in Fig. I. To 
glycerol-grown cultures the following inhibitors were added 
concomitantly with inducer : aminopterin 20 rig/ml (x---x), 
chloramphenicol 2 rig/ml (H), kasugamycin 120 ug/ml (m). 
Without inhibitor : o---e. 

771 



Vol. 84, No. 3, 1978 BIOCHEMICAL AND BIdPHYSICAL RESEARCH COMMUNICATIONS 

can be accounted for by several mechanisms : 

a) enhancement of initiation of protein synthesis ; 

b) increase in the frequency of transcription initiation 
of the lactose operon ; 

c) slower degradation of the lac mRNA. 

Since trimetboprim exerts a severe growth inhibition,it seems unlike- 

ly that the amount of lac mRNA or its rate of translation increase under 

these conditions. Moreover, a decrease in the level of formylation of ami- 

noacylated initiator tRNA would slow down the initiation of protein synthesis 

rather than enhance it. 

To investigate this, measurements of lac mFUW turnover were under- 

taken. The decay rate of biologically active lac mRNA was determined at 

different times after the addition of trimethoprim to the growth medium. 

Such an experiment is shown in Figure 4. Forty minutes after the addition 

of trimethoprim, the amount of coding capacity of the preformed mRNA was 

similar to that of the control. However after 2.5 hours, whereas the 

amOunt. of coding capacity was still practically unchanged, the half 

lives of both @-galactosidase and transacetylase messengers were signifi- 

cantly increased (by approximately a factor of 2). After several hours of 

growth in the presence of trimethoprim, the amount of coding capacity was 

lowered (interpreted as a consequence of the alteration of cellular meta- 

bolism) but its half life still remained increased. It is noteworthy 

(see Fig. 1) that the rate of enzyme synthesis starts to increase after 

one generation of growth (about 3 hours) in the presence of trimethoprim 

in exact parallel with the slow down of mRNA decay. We tentatively inter- 

pret the increase of enzyme synthesis as being a result of the decreased 

decay rate of the corresponding mRNA. 

Table I skr~ws that the turnover rate of mFNA remains stable under 

various conditions of protein synthesis inhibition, and it decreases 

(t l/2 increases) only when cells are grown in the presence of an inhi- 

bitor of dihydrofolate reductase. Other alterations in the available 

pools of tetrabydrofolate derivatives were investigated. For this purpose 

we used strains carrying different mutations : 

a) affecting enzymes leading to the production of tetrahydro- 
folate (f0Z mutants, with altered dihydrofolate reductase regu- 
lation and/or activity) 

b) exhibiting low serine transhydroxymethylase activity 
@ZyA mutants) thus affected in transferring one-carbon residues 
to tetrahydrofolate 
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Fig. 4 E6&wt 06 MmcthopGm on enzyme byntheod and on Iton.5 06 

enzyme bytihtinizing capacity a&ten a 90 6~ induction. 

Trimethoprim (I llg/ml) was added to exponential cultures 
of strain CP78. At different time intervals (40 min, 2.5 
hours and 3.5 hours after addition of trimethoprim) samples 
were withdrawn for pulse induction. The procedure is given 
in Materials and Methods. 

A and B : Time course of 8-galactosidase (GZ) and trans- 
acetylase (AC) synthesis. The decreasing rates of enzyme 
synthesis reflect the decay of specific messenger RNA molecules. 

C and D : Decrease of enzyme synthesizing capacity deter- 
mined from curves A and B. At any given time the residual 
synthesizing capacity is the difference between the actual 
amount of enzyme and the potential maximum amount given by 
the asymptotes of the curves. From the semi-logarithmic plot 
of these differences the half-lives of mRNA's (indicated by 
numbers) were determined. 

I without trimethoprim ; 
M 40 min after addition of trimethoprim ; 
x- X 2.5 hours after addition of trimethoprim ; 
&--A 3.5 hours after addition of trimethoprim. 

(See fig. 1 for bacterial growth and fully induced rates of 
enzyme synthesis). 

c) with increased turnover of one-carbon tetrahydrofolate 
substrates (?hC mutants, overproducing the purine precursor, 
5-aminoimidazole-4-carboxamide ribotide) which, combining with 
IO-formyl-tetrahydrofolate, limits the amount of the latter in 
the cell (8) 

It can be seen in Table I that foZ, gZyA and hisC mutants exhibit a 

decreased decay rate of the lac mRNA as compared to the parental strains. 
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TABLE I 

Ed,ject 06 inkibi.tohn and bpeci@ mu&ufioti on the U&Z 06 decay 

06 B-gaRaotonidti e-hpecidic mRNA 

Ca,tbon hOWme ln&bi.tox 
ReLtive 

ha&j-.ei@ 

CP78 

CP78 
CP78 
CP78 
CP78 
CP78 
CP78-T, ffoll 
G16L+ fgZyA+) 

G I 6L (gZyA) 

FA26 1 (hisc+I 

FA22 1 fhisCI 

Glycerol 
II 

II 

Glucose 

Succinate 

Glycerol 
II 

Chloramphenicol 

Kasugamycin 

Aminopterin 

Trimethoprim 
11 

1.0 

1.0 

1.0 

1.7 
1.8 
1.8 

1.9 
1.0 
1.5 
1.0 

1.6 

Experimental conditions and inhibitor concentrations are as des- 
cribed in Fies 1-4. The half-life of the control was normalized to 1.0. 
The actual half-life is 1.1-1.8 min depending on the strain and growth 
conditions. 

It is of interest to note that the differential rate of B-galactosidase 
synthesis is 25-40 % higher in the mutants than in the parental strains 
(data not shown). 

DISCUSSION 

It is well established that, in bacteria, messenger RNA is highly 
unstable. The turnover of various mRNA species appears to be somewhat 
different ; moreover decay rates can be modulated under specific condi- 
tions of protein synthesis inhibition (9, 10). Although a large number 
of studies have been undertaken, no specific mechanism leading to mFNA 
degradation has so far been found. It has been suspected for some time 
that RNase III might play a role in this degradation (11)) but more recent 
results have shown that if this enzyme has a function related to mRNA 
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degradation, it can only be a minor one (12, 13). Imamoto and Schlessinger 

showed (14) that endonucleolytic cleavage appears to be irrelevant to the 

basic mechanism of decay, and proposed that the fate of mRNA is determined 

by processes that introduce the 5’ to 3’ sense of degradation. Our present 
results, showing that the availability of one-carbon tetrahydrofolate subs- 

trates might modulate the functional decay of lac mRNA, could have some 

bearings on such hypothetical processes. We would like to suggest, as a 

working hypothesis, that a one-carbon tetrahydrofolate substrate acts either 

as an effector of the degradative process or as a methylating substrate 

whose target could be either the 5’ end of the Mona or some of the initia- 

ting ribosomes themselves. This would act as a regulatory signal for the 

initiation of mRNA degradation. If methylation were involved in this 

process, one would expect S-adenosylmethionine, rather than the unusual 

tetrahydrofolate substrate, to be the methyl donor. However, since the 

addition of 1 mM methionine to the growth medium did not alter the phenome- 

non observed with trimethoprim (data not shown) it seems unlikely that 

S-adenosylmethionine plays a role in this degradation process. Folic 

acid metabolism would appear to be well suited to involvement in such an 

important process as mRNA degradation because of its compulsory coupling 

to many metabolic pathways of the cell. 
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