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A STUDY OF NUTRITIONAL FACTORS INFLUENCING 
PHAGE DUPLICATION 

INTRODUCTION 

The biosy.nthetie reactions involved in the synthesis 

of viral bodies remain obscure. In this respect, the 

growth pattern exhibited by the virus particle itself 

differs markedly from the classical growth steps followed 

by most plant and animal cells. Prior to actual synthesis 

the bacterial virus must attach itself to the cell and then 

penetrate the cell wall. A host of interrelating factors 

may influence any one or all of the steps involved. The 

actual formation of new virus takes place within the boun• 

dary of the cell wall (cytoplasm) and presumably is effe~d 

by the metabolic pathways of the parasitized host. Thus 

the nutrition of bacteriophage is intimately associated 

with that of the host cells. 

The present study was designed to investigate the 

optimum and minimum growth requirements of the Streptomyces 

sriseus host-phage system. Emphasis has been placed on the 

role of amino acids in the medium and on the relative con• 

tribution of the host to phage synthesis. 
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HISTORICAL 

All viruses are paras! tic in nature. Thus any study 

of virus growth must include the total interacting system: 

host and virus. The e-yo le of bacteriophage mult1plicat1Ql 

consists of the following stages: adsorption of the phage 

to the host; penetrationJ multiplication within the host; 

lysis and release of new phage (15, p.518). 

It is generally believed that phage s-ynthesis is ef

:fected through bacterial metabolic pathways associated with 

the utilization of carbon, nitrogen, and phosphorus. The 

overall biosynthetic sequence results in new end products 

(phage) whose specificity is determined by a part or the 

infecting particle (4, p.ll). To account for this speci

ficity it has been proposed (22, p.559) that phage genes 

replace bacterial genes after infection. Others feel (15, 

p.519; 21, p.509) that phase is synthesized by the cell in 

conform! cy with the templates that the phage presents to 

the cell enzymes; that is, the phage acts as a directive 

pattern for further synthesis. 

Some of the points considered 1n an investigation of 

virus synthesis are: the transfer of host substance to 

viral material, the contribution of the medium, the nutri

ti anal requiremnts for synthesis, the role of the infect

ing particle, and the degree to WhiCh the host's metabolism 



is parasitized and diverted to virus synthesis. 

In general these questions remain unanswered; however, 

a great deal of work has been done, especially with the 

coliphages, towards an understanding of the mechanisms of 

virus s y.n the s1 s • 

Three potential sources of phage material exist: the 

eomponen ts of the medium, the host protoplasm, and the in• 

fecting phage particle. The eontribut1on of the parent 

phage must be small since its progeny are so numerous; and 

the protein moiety of the parent does not participate in 

virus growth, as it does not enter the cell (13, p.56). 

It has been shown (19, p.378) that with Escherichia~ 

phage T4 the contribution of parent nitrogen and phosphorus 

amounted to only 0.1% of the total nucleoprotein of the 

progeny. 

Much attention has beEn given to the relative contri

bution of the host and medium. Putnam (25, p.364), using 

isotopic tracers, has found that 70•80% of the phosphorus 

of !• .2.2!!_ T2, T4, and T6 phages and SO% of the nitrogen 

of T6 come from components of the medium assimilated after 

infection, while most of the nitrogen and phosphorus of T7 

is derived from preformed components of the host. Over 

half of the nitrogen for the protein fraoticn of T7, how

ever, is drawn from the medium (9, p.209). The remainder 

of the protein nitrogen and nearly all DNA nitrogen may be 
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traced to the host. Bacterial purines were found to be 

used intact for phage DNA synthesis (25, p.364). 

Kozloff (20, p.218) has also demonstrated that there 

is direct conversion of host DNA to phage DNA but that 

little host protein is transferred, most ot the phage pro• 

tein being synthesized after infection. 

Since much of the viral protein is synthesized from 

components of the medium, the study of nutritional factors 

required by the bacterial cell for phage s~thesis is a 

prerequisite for the study of the biochemistry of phage 

reproduction. Some of the first work along this line was 

done by Spizizen (28, p.221) who found that certain amino 

acids supported synthesis of Pl phage of E. coli and others 

did not. Glycine, glycine anhydride, and ben~oy~ glycine 

supported phage duplication but no bacterial growth. 

Cohen (4,pp.l5-l6), using a synthetic medium, found 

that glutamic acid, histidine, leucine, methionine, phenyl

alanine, tryptophan, valine, and adenine should be present 

for maximal production of !• ~ T2r+ phage. Serine and 

cysteine were shown to be 1nhibi tory. 

It was observed by Grows (12, pp.43•48) that while 

non-starved !• ~ K-12 cells could support phage sy.ntheds 

in a synthetic medium, washed and starved cells could not 

do so unless a mixture of amino acids was added. Amino 

acids tested singly were without effect, but an absolute 
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requirement for isoleucine was shown in mixtures of amino 

acids. Phenylalanine was found to be inhibitory, as was 

cysteine. 

The amino acid compos! tion of the medium affects the 

maturation of lambda phage in lysogenic !• ~ after in· 

duction by ultraviolet ligpt (11, pp.353•360). No phage 

developed in the absence of amino acids. Leucine and 

valine were essential; threonine was necessary to overcome 

inhibition by cysteine; and several other ammo acids, 

notably serine and aspartic acid, were stimulatory. 

Where analyzed, cysteine inhibition has usually been 

found to be due to binding of essential metals by its 

sulfhydryl groups (17, p.84; 29, p.335). Gots and Hunt, 

however, found that this inhibition was associated with 

threonine metabolism (11, p.359). 

Other components of the medium besides amino acids 

have been shown necessary for phage synthesis; the ionic 

composition is important. Calcium ion has been found es

sential for adsorption and penetration in many phage 

systems, including the colip~ages (23, p.638), lactic 

streptococcus phage (3, p.619), and Corynebacterium phage 

(2, pp.224·226). Other divalent ions such as magnesium or 

strontium can in some cases partially replace the calcium 

requirement (27, p.275). Sodium ion is needed by some 

coliphages (14, p.224) for optimal plaque formation. 
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Infected bacteria are similar to normal ones in cer

tain respects; the respiratorr quotient and the rate of 

oxygen uptake does not change (6, p.38}. However, infected 

bacteria have never been observed to diVide (4, p.6). 

This, together with the fact that they produce abnormal 

products (phage) and eventually lyse, implies a severe 

disturbance of the host cell metabolism. 

Cohen (5, p.292) has sholll that infected bacteria 

cease synthesizing RNA but increase their synthesis of DNA; 

DNA synthesis begins to increase about ten minutes after 

infeeticn (8, p.45). Certain proteins, such as adaptive 

enzymes (22, p. 559) are no longer formed in infected bac

teria. 

The effect of phage infection on the activity of en

zyme systems in !• !2!! has been investigated by Joklik 

(18, p.379). The oxidation of glucose, lactate, for.mate, 

fumarate, and malate was unaffected while that of pyruvate, 

succinate, glycine, alanine• and acetate was 1nh1 bi ted. 

Adaptation to alanine and acetate was inhibited, but the 

formation of formic hydrogenlyase, also an adaptive enzyme, 

was stimulated. It appeared that the effect was non

specific and indirect, pemaps caused by the disruption of 

normal spatial relati<Xlsh1ps 1n the cells. S'YXlthesis in 

infected cells is restricted mainly to phage components 

as shown by lack of adaptive enzyme formation. Constitutlve 
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enzymes such as catalase and hydrogenlyaae did not 1ncreaae. 

but stayed constant after infection. 

The Embden-Meyerhof•Parnas and the hexose monophosp~ 

shunt mechanisms of glucose diss 1m11a tion both exist in !• 

coli B; infected cells utilize the Embden•Meyerhof scheme -
to a greater extent than do normal cells (7, pp. 746-747). 

The inhib 1 tion of shunt aotivi ty was not the immediate 

cause of the 1nh1bi tion of RNA S'Ytlthesis in infected cells 

(8, p.495). The significance of this shift 1n glucose 

metabolism is not understood. 
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EXPERIMENTAL METHODS 

Tre a tmm. t 2f.. Culture s 

Host-
Streptomyces griseus 3475 (Waksman Collection) was 

used throughout. Stocks were maintained in sterile soil. 

For preparation of spore inoculum, soil stocks were streWmd 

on glucose nutrient agar (0.5% glucose, 0.3% beef extract, 

0.5~ peptone, trace yeast extract, 1.5% agar) in 200 ml 
•. ' 

prescription bottle slants. Sporulation was achieved after 

two days at 3ooc. 
Spores were washed off the alan ts into 20 ml of glu• 

cose nutrient broth and filtered through 30 layers of 

sterile gauze to remove clumps. The resulting spore sus

pension was diluted to a concentration of 108 spores per 

ml. This was done by adjusting the turbidity so that a 

1:10 dilution of the spore stock gave 65% transmission in 

the Beckman model B spectrophotometer at 270 m~ and sensi• 

tivity 4. 

Phage 

The phage used was a soil isolate designated as 514-3 

(10, p.l7). High titer stocks were prepared by the agar 

layer technique as described by Adams (1, p.l2). This 

ccnsisted of seeding 3 ml of semisolid agar with 0.2 ml of 
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spores, adding one ml of broth containing 105 phage parti

cles, and pouring this mixture over a solid agar plate. 

After 24 hours at woe, the plates showed confluent lysis. 

The semisolid layer was then scraped off 1nto 10 ml of 

broth, allowed to stand 10 minutes; and filtered through 

a Seitz filter. A phage titer of 1•5 x 1010 was usually 

achieved by this method. This stock phage was diluted to 

a concentration of 1 x 107 before ~e. 

Adsorption Studies 

Age ~cells 

One ml of spores (108/ml) a.S added to each of four 

tubes containing nine ml of glucose nutrient broth. These 

were incub ated on the r-otary shaker at 30 C for o, 3, 6, 

end 12 hours. At the end of the incubation period, one m1 

of phage (107/ml) was added to each of the tubes. The 

phage was allowed to adsorb for 25 minutes. Then the cells 

were centrifuged for .five minutes at 3000 rpm, and one ml 

of the supernatant removed and assayed for free phage by 

the standard plaque count method. Phage input was deter

mined by adding one m1 of phage to ten ml of broth, and 

removing Clle ml for a check titer. The plating procedure 

for assaying phage was the same as that used in the prep• 

aration of high titer phase stocks, except that higher di

lutions of phage were used. Areas of lysis in the 
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semisolid layer were counted to determine the number of in• 

recti ve particles present. 

Phage-host ratio 

Spores were added to broth as described above and 

grown six hours en the shaker. One ml of phage was added 

to undiluted cells, cells diluted 1:2, and cells diluted 

1:10. A free phage count was made after thirty minutes 

adsorption. 

Rate 2£ adsorption 

Five tubes of broth were inoculated with one ml of 

spores and grown six hours <n the shaker. One ml of phage 

was added to each tube. The contents were centrifuged 

after 5, 10. 20, 30, and 60 minutes* and the supernate as

sayed for free phage using the standard plaque procedure. 

Phase G:rowth Studies 

Glucose nutrient broth 

One ml Qf spores was transferred to nine ml of glucose 

nutrient broth and grown six hours on the shaker at 3ooc. 

One m1 of phage was then added and allowed to adsorb for 

ten minutes. At the end of the absorption period, cells 

were centrifuged and washed twice w:t th broth. to remove un

adsorbed phage, then resuspended in broth to the original 

volume. This was diluted 1:100 to prevent readsorption and 
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give countable plates. Samples were removed every five 

minutes for determination of plaque count. The latent 

period, or time for one cycle of phage synthesis, was de• 

tennined by this method. 

s;rnthetie media 

In studies w1 th -synthetic media, the phage inoculum 

was not diluted in glucose nutr.t ent broth. To test the 

stability of the phage 1n diluents other than broth, phage 

stocks were diluted in glucose nutrient broth, in two con

centrations of phosphate buffer, and in phosphate buffer 

plus CaOl2• After standing one hour in each diluent, a 

phage assay was rtm to determine the loss of infect!vi ty 

of the phage 1n each diluent. 

The composition of the first synthetic medium tested 

is g1 ven in table 1. The extent of phage synthesis was 

measured by running a growth curve as described under 

latent period, with the following variations; spores were 

washed twice in buffer before inoculating, the host was 

grown in the synthetic medium, the phage was diluted in 

Q.005 M phosphate buffer plus O.OOlM cac12, and infected 

cells were washed with buffer rather than with broth. 

Variations 1n phage synthesis were observed by chang

ing the compos! tion of the synthetic medium. Amino acids 

were omit ted in various groups and singly; the effect of 
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omitting calcium, glucose, and inorganic nitrogen was also 

tested. In order to ensure a constant physiological state 

of the host cells from experiment to experiment, cells were 

grown each time 1n the complete synthetic medium, washed, 

and resuspended in the test medium for adsorption and phage 

synthesis. In these experiments , phage titer was deter

mined at 15, 150, and 270 minutes. 
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TABLE 1 

Composition of the complete synthetic medium 

A. Basal salta Amounts used 

K2HP04 0.1% 

CaCl2 0.001 M 

(NH4)2HP04 0.2% 

B. Glucose 0.5% 

c. Amino acids Final cone. (mgfml) 

L-glutamie acid 0.25 
DL-alanine 0.25 
L•aspartic acid 0.25 
L-arginine 0.10 

DL-asparagine 0.10 
L-lysine 0.10 

DL-serine 0.10 
DL-phenylalanine 0.10 

L-eysteine 0.05 
L-eystine 0 . 05 
L-glycine o.os 
L-glutamine 0.05 
L-histidine 0.05 
L-isoleucine 0.06 
L•leucine 0.05 
L-methionine 0.05 
L-proline 0.05 
L-tyrosine o.os 
L-threonine 0.05 
L-tryptophane 0.05 
L-valine 0.05 
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EXPERIMENTAL RESULTS 

Adsotptian Studies 

As shown in table 2, adsorption of phage is influenced 

by the age of the host cells. No phage was adsorbed by 

non-germi.nated spores (0 hours). Three hour cells showed 

slight (7%) adsorption of phage; a maximum value of 65% 

was obtained with six hour cells. That the difference in 

adaorpticn might be due to factors other than the aging ot 

the cells is suggested by the data in table 3, which attest 

to the influence or host-phage ratio on the extent or ad

sorption. The older cultures have a greater cell/phage 

ratio, ·which appears to favor adsorption. A cell/phage 

ratio or 40:1 gave 48% adsorption whereas a 2:1 ratio 

showed 12% adsorption. 

The rate or adsorption or phage to host over a 60 

minute period is illustrated in figure 1. The rather slow 

rate or adsorption is evidenced by the observation that 

only 60% of the phage has been adsorbed over a one hour 

period; the greatest amount of adsorption occurs during 

the initial ten minutes. 

Growth Studies 

Latent period~ glucose nutrient broth 
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Figure 2 shows the growth curve obtained w1 th phage 

514•3 1n glucose nutrimt broth. The first significant in

crease in plaque count occurred 130 minutes after the end 

of the ten minute adsorption period, with the titer rising 

steadily for one hour thereafter. From 190 minutes to 270 

minutes the t1 ter increased but at a slower rate. 

In other experiments the latent period in glucose 

nutrient broth ranged from 125 to 135 minutes. 

Latent period !!! ~synthetic medium 

Reference to figure 3 discloses that the complete syn

thetic medium supported phage synthesis to an extent com

parable with broth. The latent period in the complete 

synthetic medium is 115•120 minutes, which is slightly 

shorter than that observed 1n glucose nutrient broth• 

.-In;;.;f;;.::l:;.;u;.;;en;;;;.;;.;c.-.e of calcium !.2!!, 

A study of tables 4 and 5 reveals the importance of ~ 

calcium ion. The data in table 4 point to the inactivation 

of the phage by K2HP04 and the protective effect of calci~ 

The phage is completely inactivated in M/15 K2HP04 and par

tially in M/200. The inclusion of 0.001 M CaCl2 effective

ly removed the latter toxLc effect. The result of removing 

calcium from the complete synthetic medium is seen in table 

5; no synthesis occurred in the absmce of calcium. 
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TABLE 2 

Influence of aS$ of cells on adsorption 

Age
(hrs) 

Phage ~nput
10 

Adsorption
<% in 30 min) 

0 1.3 o.o 

3 1.3 7.0 

6 1.3 65.0 

12 2.0 43.0 

TABLE 3 

Influence of phage•host ratio on adsorption 

Phage Input Cell Co\mt 
(6 hrs old) 

Adsorption
(% 1n 30 min) 

1.3 X 106 4.3 X 107 (undil) 48 

1.3 X 106 3.0 X 107 (2x dil) 10 

1.3 X 106 2.0 X 106 (lOx di1) 12 
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TABLE 4 

Inhib1 tory effect of K2HP04 on phage 514•3 and 
protection afforded by calcium 

Plaque gountTreatment xlO 

Nutr1Eil t Broth 42 

0 

0.066 M K2HP04 
"' 0.001 M CaC12 28 

0.005 M K2HP04 29 

Nutrient Broth 26 

15 

0.005 M K2HP04 
"' 0.001 M CaC12 



19 

TABLE 5 

Influence of calcium on the synthesis of phage in 
the complete syn the t1. c medium 

Time Plaque Count 
(Minutes) 

Medium • Ca Medi.um - Ca 

115 127 o.o 
120 119 o.5 
125 128 0.6 

130 93 o.o 
135 --- o.o 
140 477 1.3 

145 171 o.o 
150 347 1.3 

155 490 1.0 

240 Confluent lysis 3.6 
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Amino ~ reguirements 

To determine the amino acid requirements fer phage 

s-,nthesis. various groups were omitted from the complete 

synthetic medium. The resul ta of these experiments are 

g1 ven i n table 6. The fact that 11 tt le syn thesis occurred 

in the basal medium, that is, the complete synthetic medium 

minus all amino acids, indicates that same of these com

pounds must be needed for maximal phage production. 

Removal of glutamine, asparagine, tyrosine, phenyl

alanine, tryptophan, proline, serine, threonine, and gly

cine had no appreciable effect. Since the final yield of 

phage was low when valine, leucine, isoleucine, arginine, 

histidine, and lysine were omitted, it appeared that these 

were necessary for maximum phage synthesis. However, there 

was no effect when these were omitted singly (table 7), and 

it may be that the low yield observed previously was due to 

a low initial input of phage. 

Retuming to table 6, it may be seen that the sulfur 

containing amino acids exert a marked inhibitory effect. 

This group was further broken down to determine which of 

its members was responsible. Reference to table 8 dis

closes that the inhibitory effect may be attributed to 

cysteine. These amino aoid s have 11 ttle effect on the 

latent period, but burst size is increased by their omis• 

sion, as evidenced by figure 4. This is evidently not a 
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TABLE 6 

Synthesis or phage 514-3 1n a number ot 
s,nthetio media 

Plaque ootm t at time intervals (Min)Medium 

15 150 'i!70 

Basal Medium+ (BM) 23 30 50 

Complete Synthetic 
Medium* ( CSM) 42 169 590 

CSM •glutamie, 
aspartic, alanine 12 63 80 

CSM -eye te1ne, 
cystine, methionine 48 2,140 5,840 

CSM •Valine, 
isoleucine, leucine 8 25 45 

CSM -arginine, 
lysine, hystidin~ 5 41 95 

CSM • glutamine , 
asparagine 15 235 388 

CSM -tyrosine, 
phenylalanine 23 236 304 

CSM -tryptophane, 
proline 40 252 359 

OSM •glycine, 
serine, threonine 15 196 306 
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TABlE 7 

Observed synthesis ot phage in selected 
synthetic media 

Plaque count at time intervals (min)Medium 
27015 150 

CSM 

CSM -arginine 
CSM -histid:LT'le 

CSM -lysine 

CSM •leucine 
CSM •val me 
CSM -isoleucine 

27 

32 

33 

89 

:35 

50 
70 

155 

120 
239 

190 

92 
120 
210 

272 

325 

380 

368 

224 
267 
380 

TABLE 8 

Inhibitory effect of sulfur-bearing amino 
acids on phaSe s;ynthesis 

Medium Plaque count at time intervals (min) 

15 150 270 

CSM 42 169 590 

CSM •suli'ur am1n 0 ac.1.ds 22 470 1240 
CSM •cystine 57 125 350 
CSM -cysteine 110 450 1720 
CSM •methionine 21 151 310 
CSM •sulfur amino 
acids plus g1uta
thiooe ( 0.1 mg/ml j 106 1410 2240 
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nonspecific sulfhydryl action, since adding glutathione to 

the medium stimulated phage synthesis (table 8). 

When glutamic acid, alanine, am aspartic acid were 

removed, synthesis was retarded. No other amino acids had 

been shown necessary for synthesis; accordingly, phage 

multiplication was observed with these as the only amino 

acids present. Results are shown in table 9. The basal 

medium plus these three amino acids gave multiplication 

approximately equal to that in the complete synthetic 

medium. When tested singly, alanine and glutamic acid were 

shown to be more effect!ve than aspartie acid. 

Contribution 2! B2!! 
It was of interest to detennine the minimal medium in 

which phage s-,nthesis could occur. In view of the fact 

that even the basal medium supported · phage synthesis to a 

slight extent, growth was tested in buffer. Buffer plus 

calcium proved to be a better medium for phage duplication 

than the basal medium, as evidenced by the data in table 

10. 

Cells were starved for various lengths of time in an 

attempt to deprive them of their ability to synthesize 

phage. As shown in table 11, starved cells retain this 

abill ty, both 1n buffer and in the basal medium. Starva• 

tion appeared to increase the amount of phage synthesized. 
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TABLE 9 

Observed influence of glutamic acid• alanine 
and aspartic acid on phage synthesis 

Medium Plaque count at time intervals {min) 

15 150 270 

BM* + glutamic, 
aspartic, alan me 43 76 466 

BM .. glutamic 110 398 467 

BM• alanine 45 78 371 

BM+ aspartic 46 64 183 

*BM • basal medium ccn taining K2HP04, CaCl2, (NH4)2HP04 
and glucose 
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TABLE 10 
Growth of .§_. S,£iseus phage in minimal media 

Plaque count at time intervals (min)Medium 
15 150 270 

Basal 8 14 36 

Buffer • calcium 20 35 1~ 

Distilled water • 
calcium 45 48 40 

TABLE 11 

Influence of starvation of host cells 
on phage synthesis 

Treatment PlaqU!l count at ttme intervals (min)-15 150 270 

Non starved buffer 20 62 143 

Non starved b asa1 23 30 52 
6 hour starved buffer 92 155 335 
6 hour starved basal 51 35 90 
l2 mur starved buffer 29 43 361 
l2 hour starved basal 17 15 Z1 
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In a final experiment, phage synthesis was tested in 

distilled water plus calcium. In this medium there was no 

synthesis (table 10), attesting to the necessity tor ex

ternal phosphorus. 
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DISCUSSION 

The extended latent period and slow rate of phage ad· 

sorption are two important characteristics of the ~· 

griseus host-phage system. The final yield of phage after 

4. 5 hours growth was 10-20 times the initial count, which 

would indicate a rather small burst size. In comparison. 

coliphage T2 exhibits a burst size of 100 or greater. The 

latent period of 125-135 minutes observed with !• griseus 

phage appears to be characteristic of all actinophages. 

Hurd (16, p.27) reported a small initial phage burst be

tween 100-120 minutes, although no large increase occurred 

until after 10-12 hours. A latent period of 90 minutes, 

based on photomicrographic evidence, has been reported for 

another phage infecting !• gr1seus {26, p.345). However, 

all such growth periods are long when compared w1 th the 

eoliphages which show an average latent period of 20-25 

minutes. 

The observation that a typical one-step growth curve 

was not obtained w1 th phage 514-3 may be attributed to the 

aforementioned combination of low adsorption and long la

tent period. In order to obtain a one-step growth curve 

there must be negligible readsorption after liberation of 

the phage. Because of the low adsorption in the !• griseus 

system, many cells remain uninfected. The long latent 
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period enables such uninfected cells to grow at a noxmal 

rate. It follows that a part of the phage released by the 

cells lysing at 125-135 minutes are slowly readsorbed. The 

initial sharp rise in phage titer probably results from 

phage liberated during the lysis of cells which were in• 

fected at the same time during the adsorption period. The 

lower rate of increase therea:fter attests to the fact that 

only part of the released phage has been readsorbed and has 

gone throu@tl another cycle of synthesis. The lack of a 

second latent period or plateau equal in length to the 

first may be the result of gradual adsorption of residual 

tree phage during the primary latent period. 

While §.• Sri seus phage di.ffers in many respects from 

other phages, it does possess a characteristic in common 

with other systems, namely the observed requirement for 

low ccncentration o.f calcium. Apparently calcium serves 

as an adsorption cofactor and also protects against in

activation of phage by other ions such as potassium. There 

may be competition between calcium and potassium for sites 

on the phage surface; the charge of the particle would be 

affected by the ion attached to 1 t. An al. teration of' the 

normal charged sites on the virus might result 1n a parti• 

cle which could no longer fit the pattern on the host sur

face. Having lost the ability to adsorb, such a particle 

would of' course be non-infective. 
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It is possible that the lack of synthesis in the syn

thetic mediumminus calcium was due to inactivation of the 

phage by the potassium present in the medium. However. 

since the phage is not completely inactivated by the con

centration of potassium employed in this medium, it appears 

that same other factor must also be operative. The absence 

of plaques on the plates can best be explained by a need 

for calcium as an adsorption cofactor. 

The inhibitory effect of cysteine on phage 514·3 re

mains unexplained. Adsorption studies showed no appreciable 

difference w1 th or w1 thout the sulfur amino acids. Initial 

phage cotmts determined in the medium minus the sulfur am1no 

acids did not differ from the counts obtained 1n the medium 

containing these amino acids. However, adsorption effects, 

relating to the binding of essential metals, cannot be en

tirely eliminated. The fact that the latent period is not 

sign!fican tly retarded by eyste~e would indicate that it 

does not repress intracellular multiplication. Jokl1k 

(17, p.84) has suggested that cysteine interferes with the 

liberatim of Tl and T2 rather than w1 th their multipll ca

tion within the cell. Possibly this is the case w1 th s.-
griaeus phage. 

Since glutamic acid, alanine, and aspartic acid occupy 

key positions in cell metabolism, it is not surprising that 

these amino acids support excellent phage synthesis by s.-
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SJ:iseus. The ability af this organism to grow w1 th the 

ammonium ion as the sole source of nitrogEn attests to its 

bios-ynthetic powers,. and accounts for the sy.nthesis of 

phage 1n a medium devoid of amino acids. The lower level 

of phage production 1n such a medium may be explained by 

the fact that the host cannot rapidly sy.nthesize protein 

1n a medium containing an inorganic form of nitrogen. 

Interestingly enough, phage synthesis also took place 

1n buffer (K2HP04) to which only calcium had been add&d. 

The high endogenous respiration typical of the Streptomyces 

may help to account for this observation. Evidently these 

organisms are able to accumulate extensive stores of re• 

serve materials and can synthesize phage components from 

the formed metabolic pools. 

It was noted that cells in buffer produced hi€P-er 

phage yields than in the basal medium, and that starved 

cells synthesized more phage,. both in buffer and in the 

basal medium, than did the non starved cells. Present 

studies on glucose metabolism in §.• griseus provide a 

possible explanation for this observation. Classical gly

colysis appears to be the mode of glucose dissimilation by 

.§.• griseus in buffer, while the pEn tose cycle seems to be 

opez:oative in cells suspmded in the growth medium. Accord• 

ing to Cohen (7, p.747), infected !• ~utilize the gly

colytic pathway to a greater extent than do non-infected 
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cells, indicating that this pathway is favorable for phage 

production. The same situatiCil could apply to~· griseus. 

There is no clear-cut evidence that starved cells have 

less pentose activity than non starved cells, but their 

metabolism is definitely altered. Further studies may 

elucidate the relationship between carbohydrate metabolism 

and phage synthesis. 

EvidEntly .§.• srtseus is able to synthesize phage en• 

tirely from compontm ts of its 01111 cytoplasm with the possi• 

ble exception of phosphorus, a part of which seems to be 

drawn from the external environment. 
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SUMMARY AND CONCLUSIONS 

The growth characteristics of StrEJ?tomyees sriseus 

phage 514•3 have been stuiied. A low level and slow rate 

of adsorption is typical of this phage . The latent period 

was found to be 125..135 minutes. 

Calcium i ·s required for phage adsorptim and/or multi• 

plicatt on. Calcium also protects against inact1va tion ot 

phage by potassium. 

Phage synthesis in a complete synthetic medium is 

nearly equal to that in glucose nutrient broth. This level 

of s-,nth.esis can occur with glut amio acid, aspartic acid. 

and alanine as the only a:nino acids present. Cysteine was 

observed to be inhibitory. 

~· gris eus will support phage duplication in a medium 

containing ammonium phosphate as a sole source of nitrogen, 

but the final phage yield is less than 1n media which ccn· 

tain amino acids. 

Phage can be produced by .!• sris eus in the absEil ce of 

an external earbcn or nitrogen source. 
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