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S"pjjt.lii;ly : --- 'The synthesis of /" -galactosidase (ZC 3.2.1.23 : 
/13-Lgalactoside gslactohydrolase) in 2scherichia coli is __--.__ --._ 
repressed as a result of 
phage @x174. 

infection with single-strsrded DNA 
An amber mutant in @Xl74 cistron A, which codes 

for two proteins, :does not inh!'.bit the enzyme synthesis while 
amber mutants in all other genes do cause repression. A mutant 
near the amino-terminal end >f cistron A, wh'_ ch ?ro,duce s the 
small 35,000 molecular weight cistrsn A polypeptide, 21~0 

inhibits the synthesis of /3 -galactosidase. Inhibition is also 
observed in an Escherichia coli rep mutant which dces not ----.-- ~ _ i 
support the replicstiQn oi replicative-form 31dA. 
nucleotide bases an-7 cyclic 3',5'- 

Exogenous 
sdenosine monophosphate 

(cyclic AMP) do not have any effect on the degree oi repression. 

Ir~riiLoucI’13bl : 'The single-stranded &oxyribL>nucleic Acid 

containing bacteriophage @Xl74 has been found to inhibit host 

macromolecular synthesis, in gener,?l, at a multidicity of 

infection (moi) exceeding 4 (1). it had been earlier reported 

(2) that synthesis of the enzyme p-galactosidase was signi.fi- 

cantly repressed in Escherichia coli C --- I_ ur)on infection with @Xl74 

a;n 3 at moi 5-7. It was thereafter con.:luded from a series of 

experiments that the repre scion was caused by phage gene-coded 

product(s). 

Current knowledge about the small isometric phage @x174 

indicates that the ol:age 3IvA encodes nine genes, which specify 

at least 16 gene produ,ts (3), 'The genes are designated A 

through fi, and J. Inluction 0L /3 -galactosid?se was carried 

1341 

0006-291X/80/151341-10$01.00/~ 
Cop.criehc > 1980 t j !  A cuclem~ Pre.rs, Inc. 

.-I II ri.qAl.7 qf reproduction in UI?)’ .f?um reser\~erl. 



Vol. 95, No. 3, 1980 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

out in cells inzccted with different mutants 0;: @X174. It was 

observed that at least one 01' the two mutants in cistron A 

does not inhibit the enzyme synthesis whereas mutants in seven 

otter cistrons (B, a, E, r', G, h and J) do cause inhibition. 

Cistron A of @174 contains an internal initiator an3 codes 

for two polypeptides whose molecular weights are ap~)rosimately 

60,000 and 35,GOO daltons re,sp~zcti.vel.y. Amber mutants near the -.- 

carboxy-terminal end of the gene do not synthesise an)' or‘ the 

two but those near the amino-tetminal end, however, syrithesise 

the smaller polypeptide (4). ,This report shows that an amber -~-- 

mutant in cistron A which pro:uces the small A protein &so 

causes inhibition 02 the cnxyme inlicatir g that this protein 

may be involved in the inhibition. 

Inhibition was observed in an Ecctlerichia coli rep u---- - j 

mutant which does not support the rapli.cation OL replicative- 

form (w) :>I& of the phage. This indicates that Kd ~NA 

replication by itselk is not responsible for the observed 

inhibition. Also the inhibition is not due to depletion in 

nucleotide pools as addition 02 nucleotide bases to the media 

had no effect on the degree or inhibition. 

i”‘&l?EIILALS API.3 ilEm4 : ?3acteria and Bacteriophage : 
Escherichia coli C (~122) which is the norme' host for @X174 -. 
was obtained from Dr. R. L. Sinsheimer. Fhage @X174 mutants 
am3 (cistron E), am 210 (cistron B), am 10 (cistron U), am 70 
Gistron p7), a.m 9Tcistron C,), am 23 Gistron Ei-j), am 6 - 
( cistron J), % 62 and am 6 (boG cistCcn X) were &t?ined 
from >r. I. 'Tzsman anl?r. G. IV. Godson. E coli . ZR reo3 
(~32) was provided by Dr. aavid T. &nhardt. 

Experimental Procedure : -- E. coli C was grown in Tris-gycerol 
(TG) Medium containing per liter : 12 g of tris(hydrosymethy1) 
aminomethane (Tris); 35 mg KCl: 1 g MQCl; 0.2 g IdgCl2*6>:20: 
2.7 mg PeC13. 6H2O; 68 mg NaCl; 0.4 g m2PO4; 0.3 g pja2%)4 and 

10 ml glycerol at pY 7.5. Before phage infection, CaC12 was 
added to the growth mediurn to a final concentration 0:. 2 x 10 -3 

M e Cells were grown to the middle of the la>:3 phase (about 
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2-3 x 10' cells per ml), infected at a moi 5-7 and induced for 
the enzyme p -galactosidase. Induction was done with isopropyl- 
p-%thiogalactopyranoside (IPTG) added to a final concentration 
of 0.11 mg per ml (i.e. 4.6 x lo-* M), 

Assay of P -galactosidase was carried according to the 
method of Pardee and Prestige (5) as modified by hllard and 
Davis (6), One unit of p -galactosidase was defined as the 
amount of enzyme that would produce 1 nmol 
per minute at 37OC, pH 7.0. 

of o-nitrophenol 

RE:SULTS : (i) Inhibition of P-qalactosidase synthesis in 

cells infected with different amber mutants of $Xl74, Log 

phase s0 coli C cells were infected with different amber mutants 

o,? &174 and then induced with IPTG. Induction was carried 

out 15 minutes after phage infection when phage-specific 

proteins were abundantly present. In cases or' mutants 

other than that 'in cistron E (lysis defective), lysis was delay- 

ed by adding MgS04 to the growth media just before infection 

(7). Enzyme levels in infected cells were compared with that 

in uninEected cells 60 minutes after infection. 

Table 1 shows the results obtained with amber mutants 

in a of the 9 6x174 cistrons. It appears therefrom that 

repression of f -galactosidase synthesis obsemed 60 minutes 

after infection ranges from 65 to ao per cent for at least 

7 mutants, Only in the case of infection with s 62, contain- 

ing a mutation in cistron A, the repression was not more than 

4 per cent. Taking this to be well within the limits of expe- 

rimental error it may be inferred that am 62 fails to repress 

the induction of p-galactosidase synthesis in E., coli. -- 

Similarly, when the results obtained with am 62 and - 

am 8, both containing mutations in cistron A, are compared, it - 

transpires that while the former fails to inhibit the induction 

of P -galactosidase, in the case of the latter inhibition is 

nearly 85 per cent (Fig. 1). 
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Lepression of 
P -galactosidase in tischerichia coli c --- _I_ 

infected with different amber mutants of #Xl74 

Phage mutant Mutat ion in Repression observed 
cistron 60 minutes after infection 

- 

am 210 B 65 % - 

2 10 D 72 % 

m 3 E 73 % 

am 70 r‘ 78 % 

2 9 G 78 % 

‘" 23 H 80 'Y 0 

s? 6 J 79 % 
__-___-I- -- -----___ 

am 62 A 4 '6 

s 8 A 85 X 
__.--_. -_-.__ --- -_---- ._-- 

E. ~12 C was grown in TG medium as described 
in Yatcrials dnd Sthods. One part 05 ttit culture was 

0 min (00440 nm of 
the other part was 

In the cases of 
all mutants ax-Q am E 3, ?!g33g was ad:jed to the 

- _. . rnEdl2 tc, a L'IIlal cor:cer.tratior1 01' 0.2 M just bi;ore 
in_'.-ction. Inducer fPTG was a2jed to botij parts 15 
inin ldttr e Two ml ali&,uots were ;flitlMrawn at suit- 
able iritelv6ls : 1 ml itas zollecte.1 over 0.2 ml oi 
toluenc ct O"Z 3r. i st+)ien vigcroisly; the o';!-itr half 
,Y.LS use3 ilor Cj3 .jetrrmination at 44G nm, Hssay 0: 
P-qaliictosij~is~ has c<qrrie-1 out as iescribfd in 
,lat~:rials anl ::etiic~ris. 

(ii) Inhibition of p -galactosidase synthesis in E,- coJ& 2~2 - 

mutants. Since cistron A mutants are unable to replicate phage 

RF i>~\iA within the cell (8,9) it needed to be ascertained 

whether the process of re,plication itself had a bearing on the 

inhibition of p -galactosidase synthesis. For that the induc- 

tion experiment was carried out with g. & CR rep 3, a mutant 

in which the replication of 3.3 DNA does not occur (lo). In 

this case, too, it was found that the repression of the enzyme 
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Fiqure 1 .* Effect of $X174 cistron A mutants on the 
synthesis of ./3-gafadosidase in E,. coli C. 
E_. coli C was grown in TG medium as des- 
cribedin Materials and ,+%&hod. MgS34 was 
added to the medium to a final concentration 
of 0.2 M. It was divided into three parts. 
Ule part was treated as the uninfezted con- 
trol; the other two parts were infected with 
#X174 am A 62 and $ITJ A 8 respectively both 
at mai = 6. Inducer IPTG was added to all 
three parts 15 min later. Aliquf>ts were 
withdrawn at suitable intervals and assayed 
for fi-galactosidase. - unin- 
fected control; o-+.-,=-~ infected 
with am A 62; e infected with am A 8. - - 

c’iqure . 2 Inhibition of /)-qaladosidase synthesis in 
g. coli rs mutant. &. & ZK a 3 (D32) 
was grown in I'G meJiurn supplemented with 10 

P g thymine/ml. and divided into two parts - 
one part being created as the uninfected 
control while the other infected with $x174 
atn E 3 at moi = 6. 
later. 

IPTG was added 15 min 
Aliqu,ts were withdrawn at suitable 

intervals an3 assayed for /)-galactosidase. 
* 2 5 4 uniniecte,i control; 

cb C ^ 0 infected. 

60 minutes after incection was just over 80 pEr cent (Fig.2). 

Thus * it became evident that the inhibition phen:,men:ln is not 

dependent on phage Dl& rep1 cation, At the sa,ze tim the 

possible argument that the phage DNA replication may cause 

depletion in nucleotide pools leading to repression of enzyme 

synthesis is also weakened. 
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Figure 3. 

Bacterial Density I O*D,,,, nm) 

Effect or adenine, guanine and cyclic AMP on 
the inhibition of /3-galactosidase. g. coli C 
was grown in rG mfdium an3 divi3ed into five 
parts. The first was treated as the uninfected 
control. Each of the other parts was infected 
with $~I74 am E 3 at a moi = 5. Besides, the 
third part was treated tiith adenine while the 
fourth with quanine, to the fifth part was added 
cyclic AMP. All five parts were induced with 
ZPFG. Aliquzts were withdrawn at suitable 
intervals and assayed for /3-galactosidase. 

A- t 2 4 uninfecte3 control: 
0 3 = 0 infeded; .-. 

infected pluz adenine; by. infected 
plus guanine: - infeked plus cyclic 
AMP. 

(iii) Effect of Adenine, Guanine and Cyclic AMF on the 

synthesis of p-galactosidase in infected cells. In order to 

determine whether the inhibition was caused by depletion in 

nucleotide pools, adenine and guanine were respectively added to 

the growth media to a final concentration of 4 m!q before the 

cells were infected with @Xl74 am 3. It was seen that addition 

of these nucleotide bases had no effect whatever on the degree 

of inhibition (Zig. 3). The involvement of cyclic AMP, if any, 

in the repression process was also investigated in a similar 

manner. cyclic AMP was added to the growth medium to a final 
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concentration of 4 mM and the induction was studied. No 

relaxation was observed in the degree of repression (Eig.3), 

'These results strengthen the argument that neither nucleotide 

pools nor cyclic AMP are involved in the inhibition process. 

DISCUSSi3Iu : Results of our experiments shaw that the 

synthesis of p-galactosidase is regressed in g* coli C when 

the cells are infected with @Xl74 containing amber mutation 

in any of its nine genes except one. The argument that the 

repression is caused by a phage gene-specified product is 

thus further strengthened. Moreover, the exact phage gene, 

viz. gene A, associated with the repression phenomenon is 

identified. This product, which is an indispensable factor 

for Rr' DNA replication, has a role to play in the repression 

phenomenon as well. 

The simultaneous absence of RF replication and the 

repression phenomenon in the case of amber A mutant might tempt 

one to suggest that the action of the cistron A product is in- 

direct, i.e., it enables phage RF DbiA to replicate, which in 

turn causes the repression. This coula not be set aside off- 

hand since the synthesis of phage DIVA within the cell might 

lead to the depletion of nucleotide pools which in various ways 

could reduce the rate of enzyme synthesis. If such was the 

case, repression would not have occurred in cells which do not 

support RF replication of @Xl74 mutants which may or may not 

produce the cistron A protein. g. coli C reo 3 is such a -- 

mutant which supoorts the conversion of viral single-stranded 

Dr;A to the double-stranded replicative form, but not the 

replication of RF (10). In such a mutant of E. coli - --0 too, the 

synthesis of p -qalactosidase was repressed to the same degree 
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as in cells which were able to re,plicate the Rr' DivA and the 

action of cistron A product was proved to be direct. 

That the repression was not due to any depletion in 

nucleotide pools was also verified. Sch depletion, if any, 

would have been made up for by the addition of nucleotide bases 

externally, so that nucleotides would be produced through 

salvage pathways and the rate of enzyme synthesis, if not 

restored to the normal level, would at least have shown consi- 

derable recovery. Hence, the observation that the inhibition 

of p-galactosidase synthesis was not in the least relaxed by 

the addition of either adenine or guanine leads one to discount 

the occurrence of any such depletion of nucleotide pools. 

Similar observations were made regarding the role of 

cyclic AMP, It was earlier shown (2) that since the synthesis 

of catabolite-insensitive enzyme alkaline phosphatase is also 

repressed in @Xl74 inEected cells, cyclic AMP has perhaps no 

role to play in the dX-induced inhibition of the catabolite- 

sensitive enzyme p-galactosidase. In the case of ultraviolet 

irradiated cells such inhibitory effect is reversed by the addi- 

tion of cyclic AMP (11). It was thereby conjectured that W- 

irradiation, like glucose, causes the loss of this nucleotide. 

In the case of dX-induced inhibition, however, absence of 

stimulating action of exogenous cyclic AMP argues against the 

occurrence of catabolite repression. 

Since (dXl74 am A 62 does not cause repression while - 

am U 6 does so, some interesting speculations may be made - 

regarding the mechanism of e/X-induced repression. 'The cistron 

A, as it is now known, codes for two polypeptides of molecular 

weight 60,Goo and 35,000 (4). Of the two, am A 62, which fails - 
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to repress P -galactosidase synthesis, maps in the region that; 

codes for both the polypeptides (3). 'The other mutant am A a, - 

however, synthesise the small A protein. Martin and Oxson 

(12) had observed that mutants near the amino-terminal end of 

cistron A, which still produce the small 35,000 molecular 

weight polypeptide, shut-off host DNA synthesis while mutants 

near the carboxy-terminal end, which r32 not 2rc;Auce the small 

A polypepti.Ie do not shut-of? the host. 

It is inter<-sting to note that the &~174 gene ?rodaJct 

which shuts-off ho,-t #>&!A synthesis predictably leads to the 

inhibition of host enzyme synthesis as well, Reasonably, it 

may be suggested that the small A protein of @Xl74 perhaps 

acts on the same target, namely, the 31'L\ molecule of thr host, 

to bring about the cessation of DNA synthesis and the inhibi- 

tion of enzyme synthesis. 

In order to explain host DXA shut-off, :qartin an3 

Godssn (12) have predicted that the small A protein possibly 

interacts with the host Dr& at the single-stranded regions of 

replication forks, perhaps degrading the single-strands. The 

cistron A protein is reported to have endonucleolytic activity 

(13) and it is not yet clear whether this activity resides in 

the portion common to both large and small proteins. The small 

A protein has also been found to cleave the single-stranded 

viral DNA at different sites having, however, a oreference for 

the origin of replication (14). Ee sides, only superhelical rir' 

D:lA, and neither relaxed covalently closed 2ip DNA nor ,il II 

13 KA , is a substrate for the endonucleolytic action (15). 

Hence, it is not impJssible that the small A protein 

attacks thy supercoiled regions of the hot DiuA where a few 
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bases exist in unpaired state (16) and bring about conforma- 

tional changes in these regions due to endonucleolytic 

cleavages. In that event, the rate of transcription of the 

DNA may be appreciably reduced. dor there is evidence that 

the superhelical circular for-n of DNA has greater template 

efficiency for transcription than the nicked, relaxed form 

both in vitro (17) and in vivo (18). This leads us to -- -- 

suggest that reduction in the rate of transcription is at 

least one of the reasons for inhibition of enzyme synthesis 

of the host cell. 
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