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The Prep ration, Purification, and Recovery
of Streptom.yee grlaeus Phage 

IHR<>DUO'l'IOli 

!he problem ot the chemical and phyaical nature 

o.t bacteriophage oan often be approached only when 

the phage are separated from their immediate environ­

ment. Since they arise trom the infection and sub­

sequent lysis or susceptible bacterial hosts, the re• 

sulting environment contains bacterial lyaia products 

auoh as proteins, particulate cellul r d brls , and 

nucleoprotein&. The medium in which ly ia occurred 

also adds to this extraneous materi 1. Becauae much 

ot the contaminating material in tne lysate is both 

chemically and physically similar to the phage, the 

problem of separating out the phage beoomea an impoa• 

ing one. ethoda must be designed to accomplish this 

separation while still preaer¥1ng the integrity ot the 

phage itself. !bia last point beoomea a serious one 

since phage are often eaeily inactivated. Since purl• 

tied preparations must evidence a relative absence of 

non-phage material, they must be subjected to purity 

tests. 
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Verry little ia known about t h chemical or phyei• 

cal nature of baoter1ophago tnteot1ng membera of the 

genus Streptomyces. Even leas ia known about the origin 

or the protein and nucleic acid matarial of these phages. 

An investigation into the.t.e problems necess1tates de­

veloping a method of purifying the phage. Por these 

reasons the study to be pre ented was initiated with 

the following objectives: 

1. To develop a suitable procedure for obtaining 

large quantities of phage material. 

2. To evaluate and adopt appropriate procedurea 

tor purifying the phage, keeping 1n mind the 

importance of maintaining ita b1olog1oal 

activity• 

.). To evaluate the purity and 1nveatigate the 

chemical nature of the purified phage. 



.3 

BIS'l'CRICAL 

A considerable numbe~ of baater1ophagea have been 

purified in recent yeara and from these preparations 

much has been learned ot thei~ ohem1cal, biological, 

and phya1oal propePties.. The tirat eucoesatul attempt 

to purify a b oteriophage waa in 19.33 by Sohleainger 

(22, P• 6.12) wbo concentrated coliphage WLL by high 

speed centrifugation. A1thougn present methods to 

determine purity were not available then, Sohlea!nger•a 

results compare remarkably well with recent preparations. 

Since th1a time numerous reports have been made .of puri­

fied ooliphages as well as some preparations ot purified 

staphyloc;oc;o 1, salmonella, and megaterium. phages. !here 

is one report to date of a pur1ticat1on procedure carried 

out with an actinophage, 530•p infecting Stre,2tom;raes : 

sriae~ (23, ~ · 333•338). 

A prerequisite to any phage purification procedure 

is the initial p·osaeaaion of material containing a high 

concentration of phage. Ordinary broth lyaatea contain• 

ing more than 1 x 1010 phage particles p r ml are unusu• 

al, especially when prepared on a 1 rge scale. Generally 

definite steps must be taken to adjust conditions ot cell 
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growth and lysis 1n order to obtain high phage t1te~s. 

Phages which have a short latent period are usually 

obtained in high concentrations by tnfect1ng a broth 

culture with massive doses or the phago. Lysis, which 

ia usually complete within a few hours, rele sea the 

phage particles into the medium. 

Fraser (8, p . 117) des igned an app ratus express­

ly to obtain high titer lysates on a large scale. Under 

conditions of vigorous aeration, lysates of phage T3 

were obtained with more than 1011 particlea per ml. 

Wyatt and Oohen (29, p. 775) also increased the aeration 

of the lysing culture by rotating the growth flask in 

auoh a manner that an enriched medium was constantly 

1 yered on its inner surface. Titers of between 5 x 1011 

and 1 x 1012 virus particles per ml were obtainable by 

tnis method ror several of the T~aeries coliphage • 

Adequate aerat~on brougnt about by vigorous shaking 

allowed Herriott and Barlow (13, p . 24) to obtain large 

amounts of T2, titering 2•5 x loll phage per ml . 

After lysate material with adequate phage ooncentra• 

t ions is obtained, it is important to control environ­

mental factors so that loss of biological otivity be 

kept at a minimum. This gains particular significance 

in a phage purification procedure where yield of biol ogical 
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activity is a prime index of concentration and pUl"itica­

tion. 

Phages are generally stable in their own lyaatea 

and if stored at low temperatures, the infective titer 

will generally fall only slightly with increasing time. 

The low temperature atorage ot lysatea has an additional 

advantage ot decreasing the growth ot phage•reaistant 

host bacteria or contaminants. 

Bacteriophages are generally stable over the pH 

range or 5 to 8 and this can sometimes be extended to 

pH 4 to 10 if low storage temperatures are used. curves 

showing pH stability as a function of pH have been given 

for purified preparations of coliphage T6 by Putnam, 

Kozloff, and Neil (21, P• 311). The pH range of stab11· 

ity of T2 bacteriophage extends f~m pH 5 to 9 as shown 

by Sharp, et al. (24, P• 262). Shang•Chi Hau, et al. 

{23, P• 335) report that the actinophage 530•p ia active 

biologically between pH 4.5 and 10. 

Purification method.a themaelvea must be carefully 

chosen for each particular phage system 1n order to avoid 

inclusion of a a~ep whioh unnecessarily reduces the in• 

fectivity of the preparation. High speed centrifugation, 

which has been used exten•iv.ly for purification of phage, 

has been reported to cause irreversible inactivation of 

http:exten�iv.ly
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some phages (15, p. 250; 18, p. 259). Beard (), p . 56) 

has also suggested that repeated packing may physically 

damage the virus particles. This damage may be caused 

by separation of phage heada and tails or by an actual 

rupture of the particle itself with a aubaequent leakage 

of nucleoprotein (19, p. 190). For these reasons several 

purification procedures have been outlined which sub­

stitute high speed centrifugation with other physical or 

chemical methods. The procedlll'e proposed in this thesis 

for the purification of Streptomzcea gr1seus phage 514·3 
has no high speed oentr1rugat1on step because large losses 

in titer were encountered upon attempted reauapension ot 

phage pellets. 

Aa with proteins auoh as enzymes, phage are often 

rapidly inactivated when subjected to the unbalanced 

forces existing at gaa•liquid or liquid-liquid inter­

faces. This surface denaturation can be prevented by 

the presence ot enough protein to saturate the inter• 

face and prevent access ot the phage to the aurtaoe 

(2, p. 442). However, when the purification procedure 

is designed to el11'1linate extraneous protein t he phage 

becomes increasingly vulnerable. care must be exercised 

i n handling purified preparations so t hat thia aurraoe 

inactivation is held to a minimum. 
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The choice of chemical purification prooed\~S ia 

influenced by phage susceptibility to inactivation by 

some chemical agents. While undiluted glycerol and 

ethanol oaus rapid loss ot infectivity in phages, cold 

aqueous solutions of these solvents do not inactivate 

moat phages, and in tact 30~ ethanol has been ua-ed by at 

least one group or workers as a purification treatment 

with T6 (21, p. 307). Other solvents such as acetone, iao• 

butanol, and chloroform have been used with success in 

the purification of staphylococcal bacteriophage K 

(15, p. 252). Thymol and chloroform exhibit no harmful 

effects on phage systems so far reported and 1n fact have 

been used as an aid in preserving phage preparations 

(28, p. 431). Most phages are stable to quite high con• 

centrations of neutral salta such as ammonium sulfate and 

magnesium aultate, both of which have been used to pre­

cipitate phage (18, p. 260). 

Having developed a method for obtaining h1gn titered 

phage material and having determined at least in general 

the physical and chemical conditions of stability o:r a 

particular phage system, workers may utilize several 

possible purification methods. Many physical, chemical, 

and biological aids for purification re reported in the 

literature, centrifugation being the method of choice in 
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a majority of oases. The initial ol r1 ioatlon or a 

crud lysate to ttemove bacterial debris is usu lly 

accomplished by low spe d centrifugation or f1 tr t_on 

through andler oandles or f11 tor aid materiala suo s 

oelite (13, p . 19J 18, p . 260; 21, p. 305). 

Following the 1n1t1al clar1f1oation~ the lyoat 

material i usually concentrated by oentrifugat1on nd 

resuapenRion of he phage . Many workers us!ng vaztiety 

of coliphages have employed th centrifuge proo duN and 

have frequently extended it to different! oentrifuga• 

tion sequence to obtain purified preparations (14, p. 244; 
?.0, p •. 179). 

Sinoe moat ot the T phage precipitate immediately 

upon ac1d1t1oat1on to about pH 4.0 but undergo 1naet1va• 

tion quite slowly, 1aoelectric precipitation h been 

used to concentrate phage preparations by Herriott and 

Barlow (13, p. 20) and Putnam, Koz1oft, and Neil (21, 

P• 309). The phage were precipitated in the cold by the 

addition of acid to a pli of 4.0, the p:reo1pitate d1ssolv• 

ed at pH 6.5 and then further purified by d1fferant1 1 

centrifugation. 

A customaey method of protein ft-aot1.onat1on, salt1ng 

out by the uee of neutral aalta, has been applied to pre• 

o1p1tat1on of phage by a number of worker • Northrop 

(17, p. 337) first used ammonium sulfate to precipitate 
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staphylococcal phage. He later uaed both ammonium aul:f.'ate 

and magnesium sul:f.'ate to precipitate megaterium phage 

(18, p. 260). S1nshe1mer (25, p. 38} used ammonium 

sulfate both for initial concentration ot a coliphage 

lysate and for later rractionati()n of the preparation, 

although considerable loss ot 1nf"ect1ve phage was 1ncuttred. 

C vallo and Schramm (4, p. $80) included ammonium .ul• 

fat e precipitation in their pur1t1o tion or temperate 

staphylococcal phage With good recovery of titer. Ammo• 

n1um sulf te precipitates coliphage T6 quantitatively 

but with loss of aotivi.ty under the condition• described 

by PUtnam, Kozloft, and lfeil (21, p. 307). Ammonium 

sulfate fractionation has also lent itself to the ptu-lf• 

1oat1on of actinophage 530•p (23, P• 335) with no apprec• 

1able loss ot activity indicated. 

Alcohol can be employed suoceaaf'ully tor fraction• 

ating an already concentrated phage preparation as evi­

denced by Putnam, Kozloft, and Neil (21, p. 307) who 

used graded d1alya1t~ against buffered ethanol eoluti,ona 

as a ready means of precipitating the phage T6. In 

purifying staphylococcal phage K, Hotch1n (15, p. 251.) 

found acetone effective as a prec1p1tat1ng agent in which 

t he phage was remarkably stable. 

Reversible adsorption of bacteriophage to tne~t 

materials has proved a very successful method ot 

http:aotivi.ty
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concentrating and purifying certain phages. Wahl and 

Monceaux (28, p. 433) have demonstrated the adsorption 

ot bacteriophage to a calcium phosphate precipitate at 

pH's belo 6.3 with-subsequent elution ot the phage in 

phosphate buffer. In this work calcium phosphate at 

pH's abo:ve 6. 3 was used to adsorb inert proteins from 

the lysate as an aid in purification. Cavallo and 

Schr&mm (4, p. ,580) have applied this same technique 

to remove extraneous proteins from a partially puritied 

preparation of staphylococcal phage. Adsorption and 

subsequent elution from ion exchangers has recently 

become another method of virus purification 1n which 

viruses function as anions in the exchange relationship. 

Boye~, et al. (16, p. 86o-862) have purifie.d several 

v1ruaes by using cellulose anion exchangers DEAE•SF 

and EOTEOLA•SF as adaorbents. creaser and Taussig 

(7, p. 203) employed ECTEOLA cellulose for bacterial 

virus purification by using both batch adsorption and 

elution techniques and column chromatography tor finer 

separations of phage from contaminating proteins and 

nucleic acids. Another application of cellulose ad­. 
sorbent DEAE has been reported by Hall, Maclean, and 

Tessman (li, p. 192) who used it to purify phage ~n74 

1n preparation tor electron microscopJ. 

Enzymatic digestion represents an additional aid 
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to pur1£1cation of baoter1~phage. Treatment with deoxr• 

ribonuclease has frequently been included in purifioa• 

tion pl'Oaedurea for the purpoaG of liminating b cter­

1al deoxyribonuoleio acid or that arising from ruptured 

phage (1.3, p. 20; 19, p. 190). It was noted t h at the 

viscosity ot preparations was reduc d by DlfAae treat-. 

ment with no effect on the phage titer. Ribonuclease 

and t17Pain are also effective purification aids, tryp­

a1n being used extensively to digest contaminating pro• 

te1ns without arteot1ng the activity or the virus under 

the conditions described (18, p. 260; 23, P• 334). 

Appropriate criteria or purity must be applied to 
any purified phage preparation to give validity to any 

claims ooncern1ng its pl'Opert1es. It has been emphasized 

that one criterion alone is not sufficient evidence for 

purity and a combination ot different ones is desirable. 

ot primary importance 1n purity demonstration 1& 

aome indication ot homogeneous biological characteristics. 

Theae might 1nolude plaque aize and morphology, activity 

on known sensitive bacte~ia, conformity to the established 

latent period, and othe~ additional prope~t1es peculiar 

to a given phage strain. 

Infectivity, Which is defined as the weight of 

virus par plaque-forming unit, is a very useful indica.. 

tor of gross impurities or aggregates and inactive particles 
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in a phage prepa~ tion. The wei~t may be exPressed in 

terms of grams of nitrogen, grams of phosphorous, or 

gt-am.s or DNA per ph ge (19, p. 192). The eonstaney of 

infect.i vity per tmit of turbid! ty at 400 m1111m1eron 

and 1nfect1vity per unit of absorbency at 260 m1111· 

microns was used as a criterion of homogene,ty of puri­

fied T2 phage by Harriott and Barlow (13, p . 20). 

Direct examination in the electron croscope of 

phage preparations is a qualitative method of detecting 

a ggl"ega.tes aa wall as contaminating partiele.s and this 

evidence is often included to substantiate purity ola1ms 

(llt P• 192J 15, P• 251; 16, P• 860; 21, P• 316; 25, 
p. 38). 

A most probable impurity in phage preparations 1a 

bacterial debris Which should react antigenioally with 

antibacterial antibodies. This immunological criterion 

ot purity was used by Cohen and Argoblaat (5. p. 610) 

as well as Herriott and Barlow (13, p . 20) . 

Another means or pur!ty evaluation makes use ot 

the analyt1oal oentro1fuge to deteot 1mpur1t.1ea with a 

slower :rate of sediment tion t han the virus . Phages 

investigated 1n the analytical ultracentrifuge have 

generally given a single sharp sed1ment1ng boundaJ7 

indicating a high degree of homogeneity (4, P• 582; 

20, p . 181; 24. p. 263; 25, p. 39) . 
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Various orker hnve subj eted purified phage prep­

arations to electrophoretic study to detect impurities 

nioh have a different mobility in the electric field 

(19, p. 198). Cavallo and Schramm C4, p • .581) utilized 

the Tiselitts apparatus to separate slowor-mov1ng impur­

ities from the virus, thus attaining an additional degree 

of purity. 

Because nucleic acid of baote~1ophage absorb ultra­

violot light intensely, thi property ann bo naed dven• 

tageously to indicate the de~roe of purity in a prepa­

ration. The absorption spectrum of coliphage T6 baa 

boon examined by Putrtam, Kozlof't, and Neil (21, p. 309) 

who observed a steady inoreaae in light absorption as 

the wave length was decreased from 1000 to about 300 

millimicrons. Below 300 mill1m1orons the optioal density 

rises sharply with a slight hump at 280 m1111miorons 

owing to absorption by aromatic aD1no acids, a sharp peak 

at 260 and minimum at about 240 millimicrons. The max­

imum at 260 and tho 240 minimum a~e oharaoter1st1o ot the 

absorption or purines and pyrimidines and are good 1nd1­

oatora of impurities. Sinsheimer {25, p. 39) has recent• 

ly reported the ultr viol t absorption speotrum of a 

purified preparation of bacteriophage in which a ratio of 

the absorption at 260 m.1111m.1crons to that at 280 m1111• 

taicrona in 1.5, a value which he uses a$ a sensitive 



indicator of impurities. 

The conotanoy of t e nnalyt1onl composition of phage 

preparations may be used to determine tho general extent 

or purity. An abno~ally high oontent of nitrogen or 

phosphorous would be presumptive evidence tor impu~i­

ties from contaminating proteins or perhaps phosphorous­

containing nuoleie acids. Adams (1, p . 87} and Putnam 

(19 , p . 219) have Bl~ized the elementary analyses 

of several groups of phages and from t ese data. 1 t oan 

be concluded that th& phages reported oo far have approx... 

1matel1 12...14%nitrogen, 3-5~ phosphorous . and 40-50~ 

c rbon on a dry weight basis . Analyses for other ele­

ments are generally lacking. There seems to be general 

agreement that phage are about one•half protein and one• 

half nuoleio ac1d of the deoxyribose type . Phosphorous 

and nitrogen contents per 1nfcct1ve particle havo fre ... 

quontly been reported e.nd their ratio is a good rn.eaaure 

or the presence of inactive phage particles which are 

phyaieal ly present mtt biologically unaccounted for 

(1, p . 94) . 

Phage pu~ification, pion red by Schleatngcr in 1933, 

has paralleled the general progress of phage res arch sinoe 

that time . It has developed a highly preoise methodology 

cot!lbining physical, chemical , and biological aids to purif­

ication and pur1t~ domonatrat1on. 
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EXPERIMENTAL METHODS 

Methods have been developed in this study for ob• 

taining large quantities of high titer phage material 

with which to work. Additional methods were developed 

or existing ones modified to suit the particular :require­

ments of the phage system 1n order to arrive at a. pur1t• 

ied preparation or thia phage. Several types of deter• 

minationa were made to asaeaa the purity or the prepara• 

tion. Since a great share of the work in this study 

centered around the methodology, this aspect will be 

treated in considerable detail. 

Phase-~ axstem 

Streptom;yces griseus (strain 3475 WClksman) and phage 

51.4·3 were used throughout thi study. The nature and 

reproduction characteriatics of this bacteriophage have 

been report.ed by Gilmour, Bolle"'!\ and watkins (9, p. 186­

192) and by Gilmour end Ingalsbe (10, p. 193•196). 

One general type of medium was used both for produc­

ing spores and for obtaining phage lyaates. It consisted 

of nutrient broth supplemented with 0.$~ glucose and a 

trace of yeast extract. When aolid media were necessary, 

agar was added in the deaired am.ounta. Media were adjusted 

if necessary to pH 6.8-7.0 and autoclaved 20-.30 m1nutea at 

121°0, depending on the volume dispensed per oonta1nel". 

http:report.ed
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stocks of !· sr1seua were maintained in sterile 

soil contained in 125 ml Er1enmyer cotton-stoppered 

flasks. The larger surface-to-volume ratio of' these 

flasks as compared to tubes allowed better aeration and 

consequently more abundant and consistent sporulation. 

The production or spores was initiated by streaking 

generous amounta of __soil containing the organism onto 

bottle slants or the nutrient medium with 2% agar added. 

Following a four-day incubation period at 32°0, the dense 

spore growth was scraped from the agar surface into 

nutrient broth. This suspension was then filte:red through 

sterile gauze pads and diluted with broth to a turbidity 

calibrated to yield a concentration of about 5 x 108 

spores per ml. Accurate spore concentration determinations 

were carried out by atandaJDd plate count procedures. 

Purity checks were made on each spore lot by cultural 

and microaoopical examinations. To prevent germination, 

spore suspensions were always stored at Z-4°c. 
Phage atooks consisted of' Seitz-tiltered broth ly­

sates which were accurately titered and maintained under 

refrigeration. Under these conditions, titer losses were 

incurred in time, but the drop was always gradual . 

Phage assays were made according to the agar layer 

method described by Adama (1, p. 450), using 0.5 ml of 
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the spore suspension as inoculum. Plaques were easily 

discernible after 24 hours of incubation at 32°C. Phage 

titer values were determined by averaging the results 

from quadruplicate plates at one dilution. In particu­

larly important determinations, two dilution sequences 

were carried out and quadruplicate plates made from each, 

the reaults of' which wer-e averaged. 

Production!!~ titer lxsates 

Apparatus It was discovered that constant tempera­

ture and aeration or lysing cultures was vital to the pro­

duction of high titer phage lyaates. It also became 

necessary to produce these lyaates in amounts of 1 to 5 

liters but with the additional requirement or rigid 

sterility conditions. For these reasons a simple appa• 

ratua waa developed which allowed temperature and aera­

tion control, waa easily handled from a sterility stand• 

point, and was adjustable to volumes of 0.5 to 6 litera. 

The apparatus is shown in Figure 1. one liter· Erlenmy r 

flaaka capable of holding 500 m1 of broth ware fitted 

with sintered-glass apargers which were extended well 

into the medium. The top end of the sparger was fitted 

to a cotton air filter designed to sterilize ail' passing 

into the tlaak. A screw-clamp titted at the end of the 

air filter controlled the amount of air entering the 
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Figure 1. Apparatus for the production 
of phage 1ysates. 
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flask. Air was pulled through the filter into the medium 

by way of the sparger and out through an outlet connected 

to a wnter aspirator. !hree groups ot tour such flasks 

were hooked to one aspirator bf means of rubber tubing. 

The temperature was controlled by standing the flasks 

in water baths adjusted to the deaired temperature. 

Ratio-temperature a4Juatment From preliminary 

experimentation, it was soon found that a procedure 

which would coasistent1y yield high titer lyaates or 

more than 1 x 1010 phage particles per ml was dependent 

upon the factors or temperature, aeration, and phage/ 

spore input ratio. Temperature controls were made as 

described above, with three water bathe whioh could be 

1et at 27°C, .32°C, and 37°0. Aeration was controlled 

both by the water aspirator (5 inohea of mercury) and 

by the screw-olampa on the air inlet but waa u1ually 

kept at a maximum with resulting .tgorou1 bubbling. 

Input phage/spore ratios were adjusted by Tarying 

the amount or phage stock which waa added to a constant 

amount of 25 ml ot the diluted spore auapenaion 1n the 

500 ml or medium. Accurate phage titera and spore oounta 

were predetermined on the stocks uaed as inocula. Rat1oa 

used tor the lysate production uaually favored the spores 

with phage/spore ratios varying from 1:50 to 1:1 being 
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used. Excessive foaming was controlled by the use ot 

Dow corning apr y Antifoam B added to the medi before 

autoclav1ng. oomplete ly 1s occurred between 15 and 

20 hour • 

E!! stability 

In order to investigate possible purification methods, 

it was considered essential to know the general range or 
pH stability of the phage. Nutrient broth waa adjusted 

to a pH of 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9,0, 10.0, 

and 11.0 by the addition of either lN HCl or lW NaOH. 

9.9 ml of the chilled broth at eaoh pH were dispensed 

into tubes to which was added 0.1 ml of a titered stock 

phage suspension. 'l'h tubes, held at 2-40 0 throughout 

the experiment, were sampled tor phage activity after 1 

hour and again after 24 hours. Percentages of the input 

phage which surv1v d were calculated from these titers. 

Purification ate;ps 

The purification scheme finally accepted as suitable 

for this particular phage oonaia ed of an initial ol rif• 

1oation of the lysate by filtration, e t o-atep enzymatic 

digeation, an adsorption process with calcium phosphate, 

two prec1p1tat1ons with ammonium sulfete, dialysis, and 

lyophilization. Each step was carried out in the cold 
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(2•400) and 1as preceded and ended ~1th a phage saay. 

While the scheme in its nti ty 1a presented di gramati• 

oally 1n F1$U 2, the proocd re for each step 111 be 

considered 1nd1v1du lly., 

~1 r1tlcat;on Although the lysate production waa 

.designed to yield completely clear lyaatea, it was con• 

siderad essential to re ove any rematn1ng cells and cell· 

ulatt debris. Filtration wae· ohoaen 1n preterenoe to 

centrifugation bee use of the speed, ease of handling 

large volumes, and the lack ot possible physical damage 

to the phage. eru.de lysate& .. !'8 olar1t1ed by filtering 

with auction through Buchner funnels equipped with What­

man #3 filter paper covered by a 1 gram pad of analytical• 

grade oe11te filter aid. 

Deoxyribonuol2!8& d1stst1oe To digest cellular 

A ond that OOA poe 1bly aris,..ng !'rom ruptur d ph go 

particles, 1 microgram per ml of c-ry-stalline deoxyribo­

nuclease wa added to the o·lar1:f'1ed lysate attett 1t was 

first adjusted to pH 6.5. agne ium sultat • addad to a 

final oonoentration or 0.003 , served aa a oo•facto~ for 

the nzyme . The digestion was allowed to not for 30 

minute at room temperature. 



22 

PHAGE PURIFICATION SCHEME 
CRUDE LYSATEIFILTRATION THROUGH CELITE 

I I 
FILTRATE RESIDUE 

I DISCARDED 
DNASE TREATED 

I 
TRYPSINIZATION 

CALCIUM PHOSPHATE 
ADDED, CENTRIFUGED 

SUPERNATANT PRECIPITATE 
DISCARDEDNH~S04 PRECIPITATION 

FILTERED 

FILTRATE 
DISCARDED 

I I 
FILTRATE PRECIPITATE 
DISCARDED REDISSOLVED WITH PHOSPHATE BUFFER 

kNH4lz S0 4 PRECIPITATION 

,...,­ - - -----'-[--__,,FILTERED 
FILTRATE PRECIPITATE 
DISCARDED rNH4)2 S04 

- WASH 

I I 
FILTRATE PRECIPITATE 
~RDED REDISSOLVEDIN 

PHOSPHATE BUFFER 

!DIALYSIS 

I I 
DIALYSATE SALTS 

REMOVED
ILVPHOUZAT10N
DRYING OVER P2 0 5 

I I 
DRY PURFED PHAGE WATER REMOVED 

Figure 2. Flow diagram of purification 
sohem~. 



23 

TfY2S1 1zat1Qn Tryp n was found to sucoa a­

fully digest extraneous oellular and medium proteins 

without harm to the phag 1.f' oonditiona wel'e controlled 

pro_erly. fter adjusting the preparation to pH 8 . 0 

with SN NaOR, twice ~rystallized trrpsin was added to 

a concentration ot l microgram per ml . Digestion was 

llow d to prooede for 1 hour at 37°0 although initially 

aeveral ti e periods up to 4 hours were tried as was a 

48-hour digestion at refrigerato-r temperatures . 

Adsorption .2£. proteins ,£z calcium phos;ghato Freshly 

precipitated calcium phosphate was effective in r moving 

non-phage proteins and colored broth components remaining 

in the trypsinized preparation. The trypsinized prep­

aration was immediately cooled to below l0°C in ice water 

~d to it was added 170 ml of a cold, buttered oonoen• 

trated phosphate sol ution which consisted of 79 . 1 grams 

of N'Jl two and 4• 5 grams or KB2P04 • Then 370 m1 ot cold
2 4 . 

0.22 M cac12 olntion. were added and the resulting den·ae 

precipitate kept ln suspension by gentle swirling in an 

ice bath. A small sample was quickly centrifuged and the 

pH of the supernate cheeked. If the pH was above 6 • .3, 

small additional amounts of aa012 wel"e added to th o:rig• 

inal mixture to lower it to pH 6. 3. above which no phage 

adsorbs to the precipitate. The calcium phosphate 



remained suspended in the preparation tor 10 minutes at 

pH 6. 3, and then was removed by a short low-speed cent­

rifugation. The resulting supernate was maintained in 

an lee bath. 

Ammonium sulfate precipitation A salting out 

procedure using ammonium sulfate served to concentrate 

the phage preparation and with proper selection of salt 

conoent~ation accomplished fractionation of the phage 

from non-phage protein. 

Initial experiments to determine the proper ammonium 

sulfate concentration tor protein fractionation resulted 

in a drop in phage titer of 505( or more. Since 1t was 

soon discovered that time of eXposure to the ammonium 

sulfate was the determining factor in the recoveriea from 

this step, an experiment to determine the minimum time 

for phage precipitation after the addition ot the salt 

wa.s neoeasaey. To each ot 5 batchea ot 200 m1 or lysate 

were added 56.5 grams of finely-ground solid ammonium. 

aulfate to yield a concentration of 4~ ot saturation 

(at o0 c}, The flasks were gently mixed to d1asolve the 

salt and then allowed to stand tor varying intervals of 

time before separating the precipitate by filtration. This 

involved using a Buchner tunnel under auction with What­

man #3 filter paper and a 1 gram pad of analytical ce11te 



25 

aa a filter a1d. This step was considered superior to 

centrifuging out the precipitate because of speed ot 

operation end ease of rediaaolving the precipitate. The 

precipitate waa d1asolved on the filter paper and washed 

througn it by 5 successive 10 ml aliquota or cold M/15 

phosphate buffer at pH 8.0. 

After it waa found that 5 minutes waa autticient for 

phage precipitation~ almost complete phage recoveries 

could be obtained by thia method. A more complete study 

of the minimum ammonium sulfate concentration required 

for precipitation involved the above proced~ but with 

varying amounta of ammonium aulfate being used to bring 

ita concentration to 25%. 30~, 35~. and 40~ ot aaturation 

at 0°0. 

In an actual purification run it was necessary to 

divide the preparation into several 200 ml batches and 

to perform separate precipitations on each as described 

above. using the 5 minute time limit. An additional 

step to wash the precipitate for removal of soluble 1m• 

purities was carried out by waahing the pad holding the 

precipitate with 5 successive 10 ml aliquota of a 45~ 

saturated ammonium sulfate aolut1on. The washings, 

which did not remove the phage but contained oonaiderable 

color, were discarded. The phage waa resuspended aa befoN 

with buffer. The time of phage exposure to the 



concentttated ammonium sulfate was ca:retully oontl'Olled 

so that the precipitation., washing, and resuspen ion 

never exceeded 10 minutes. 

A second ammonium sulfate precipitation, carried out 

in an identical manner on the redissolved precipitate 

from the initial precipitation, served to further 

fractionate and concentrate the preparation~ In this 

step in which only one batch precipitation was necessary. 

the precipitate was filtered, washed, and resuspended as 

b fore. 

R1~lzsis D1alys1a experiments were carried out 

using cellophane dialysis tubing in the oold (2-4°0). 

Periods up to 24 hours and a variety of phosphate butters 

at different molarities as well as distilled water were 

used. oonatant agitation was accomplished by a magnetic 

stirrer and frequent changes of buff r or water were 

made. Since excessive titer losses were always a result 

or dialysis, an attempt to check th time factor involved 

in th 1naot1vation quired filling three dialysis bags 

with 5 m1 eaoh of a phage preparation and dialysing 

against M/15 phosphate butter at pH 8.0 in the cold. At 

2. 4, and 6 hours a bag was removed and sampled for phage 

activity. 

A d1 lysis step was oonaidered necesaary to remove 
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salts snd small ntolecula.r e1 1 purities from th 

second red.issol ved mmoniu.m ulfat prealpit te, 1n order 

that preparations for 1 c ron microscopy, dey eight 

determinations, and elemental analy is might be m.de. 

This was done in the a e manner a before against 4 
liters or dl tilled ater tor 3 days with ever 1 changes 

of water. 

Ltophilization The dialyzed p paratioa wa quick• 

ly frozen in an ethenol•dry ice mixtu:re. It was fPOzen 

in a thin lay r on the 1ns1d of a 250 ml round-bottom 

flaek. This wa1 then dried under vacuum. The freeze• 

dried preparation was stored 1n a vacuum desiccator over 

P205 and eighed attar 24 hours. 

Criteria ~ FUritz 

Several methods were employed to evaluate both 

the stepwis remov 1 of contaminating material and the 

rel tive absence or it in the final preparation. 

Speoifio infectivity Sinoe a great part of the 

contaminating m t ri 1 1n a phage lysate prep red in the 

aforementioned manner is protein, an expression how1ng 

the relationship between the phage activity and total 

protein would b reve ling. uch an expr salon has been 

made tor aoh step of the purif'1oat1on. ~1trogen cont nt 

is a good index of protein content and haa been used to 
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dv t ;:e in th1 . aspeo.t or tho tu y . 

rot in nitro n ly 9 r ~d on aliquot or 
v riou preparations by preo1p1tat1ng the proteins with 

triohloroaoetio acid, washing tha precipitate, digesting 

it with aoid and then determining the ammonium nitrogen 

by using a Nessler determination. To 1-10 1 samples 

cont in1ng up to 80 miorograms ot Protein nitro n waa 

added 10 ml ot oold 5~ tr1ch1oroaoet1o acid ol t1on­

The suspension of the resulting preeipitat was llowed 

to stand about 30 minute at room temperatur , was 

centrifuged in Servall angle-head cent:!'if'uge tor 5 

minutes, and aahed at least tw!.oe with 5% t ichloro• 

aoet1c acid. The final supernatant was checked tor 

ammonia by a spot plate Keasler determination and if a 

positive test was evident, the precipitate waa wa hed 

again. The precipitate was then digested about 12 hours 

w1 th 2 m1 ot a 2H aulturic acid digestion mixture 

(27, p. 238) 1n a sand bath at approximately 400°c. 

Color development using Neealers reagent waa then 

done as suggested by Umbre1t (2?, P• 238). After allowing 

the color to develop for 15 minutes, readings were made 

on a Bausch and Lomb ap ctropho ometer t 490 m1111• 

microns. Reagent blanks and standards were alwata run 

tr1 th the unknown sample a. It was found very convenient 

to precipitate, centr1tuge, wash the precipitate, digest 
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it and daVI lop the color all in the a.tue th1ok- walled 

S rvall glass centrifuge tube . Loss of sample as mini• 

mized sinoti no transfers were neoeaaa17. 

Each step of the purification procedure was eval• 

uated with respect to 1ts part in removing extraneous 

protein. By relating the phage activity to the protein 

nitrogen following each part of the procedure, a specific 

1ntectiv1ty determination was calculated. It ia .exp"ased 

as numb ra of phage particle per miol'Ogr~a of protein 

nitrogen. 

Phosphorous 1 pitrogen anal: is sL final Pr&R,a.~a,t.ion 

Total nitrogena on accuztately weighed samples of 

the final dey prepaztations were oaztr1ed out by the afore­

mentioned Nesslerization methods . 

Total phosphorous determinations on an accurately 

v ighcd sample of' the d~ purified phage were made 

according to the Fiake•SubbaRow method {12, p. 635). 

Reagent blanks and phosphorous standards were digested 

with the unlmown samples. 

A ealottlation of micrograms of phosphorous or nitrogen 

pet- number of phage particles is ·Often useful to detect 

gl'oas impurities or an excessive a.mount of inactive phage 

particles . The nitrogen and phosphorous determinations 

were related to phage titers on the final prepar t1on 
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before dialys1 to give suoh values .. 

A property often reported or purified plagG is ita 

perc ntage ot n· trogen and pho phorous. Theao nluea 

were d ·termined by dividing the sample ight by the 

weight of phosphorous o;r nitrogon. 

Part1cl~ weimt A t1gure expressing the weight in 

grams per phage particle oan be oaloul ated from the known 

weight of the dried preparation and its corresponding 

phage titer. As before, this titer was taken on the 

11q_uid sample before d1al ya1s . 

Ult:raviolet absorption !peotrwn A spoctral analysis 

in the ultraviolet range waa made on the final dialyzed 

preparations diluted 1:2 with water. A Beckman Model DtJ 

spectrophotometer was employed in the range from 2.30 to 

340 m1111m1crona . 

&actron mic~aoow Preparat.iona used tor the 

el ectron microscopy were dial yzed, diluted with water 

1:2!5 and spotted on grid oove:rad with collodion films . 

For the purified phage the grids used w re obtained from 

the Bitterroot ·Speoialty Company, Hamilton, Montana, and 

are positively chargGd tb minimize aggregation of the 

preparation on the grid . Lysate samples underwent an 

initial high &peed centrifugation and resuspension before 



31 

being spotted on ordinary collodion-covered grids . The 

preparations we~ all air dried over P2o· 5 overnight and 

then shadowed with a pallad1um•plat1num alloy at an 

angle or )2°. The preparations were "O'iewed in an ROA 

electron mioroaoope and m.iorographe taken at an orig• 

1nal magn1t1c tion of approxitrUltely 19,000 time1. 
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EXPERIMEITAL RESULTS 

BJ developing new methoda or modifying existing 

onea, procedures were developed to produce and purity 

meaaurable amounts ot this actinophage. This particular 

phage ia extremely aenaitive to environment,al conditions 

and mechanical damage. The continual threat of' inactiv­

ation governed the choice ot puritioation procedures to 

a lal'ge extent. The purified phage preparations were 

subjected to purity evaluation, Properties or the purif­

ied phage eerved as a basis ot comparison with the 

purity and properties ot other phages. 

!he use or the apparatua pictured in Figure 1 

allowed oonaistent production of' aa much aa 6 litera or 

high titer lysate (l·S x 1010 phage/ml). Controlling 

factors were temperature and phage/spore input. 

Temperature etteot As might be expected, the general 

temperature range optimum tor 4• griaeus 1a most favor­

able f'or phage replication. This is indicated in the 

data from Table 1. While very little cellular growth 

occurred at 37°0, both 27°0 and 32°C brought about abund­

ant cell growth. The effect of' temperature is quite 

striking on the phage titer yields. Essentially no phage 



Table 1 

EFFECT OF TEMPERA'!'URE AND PHAGE/SPORE RATIO ON PHAGE YIELD 

Grams dry weight
Phage/spore !ime of complete Titer in cell control 

Temperature ratio lysis in hours pha /ml {no phage) 

1:50 18 0.91 
1:10 16 
1:1 14 

1.0
1:50 18 1.1 X 10 1.2

91:10 16 6.0 X 10
91:1 14 1.8 X 10 

1:50 not lysed in 24 hrs --­
1:10 18 1.0 X lOg
1:1 18 1.0 X 10 
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reproduction occurred at the highest temperature while 

the lowest temperature yielded the highest titers. After 

spore germination, !• sr1seus exhibits the branching 

mycelial type of growth characteristic of the genua . 

Even though one segment ot the mycell\ll'll is infected w1 th 

phage,. the other parts are able to continue growing norm• 

ally. When the infected parts burst and release more 

phage, they will go on to infect more mycelium. This 

recycling 1s directly responsible for the production of 

high phage yields. A condition which favors the cella 

to such an extent that extremely abundant oell growth 

results might never allow complete lysis to occur. The 

possibility of this happening is even more evident when 

one considers that the latent period of the phage is about 

2 hours. From these considerations it is not difficult 

to understand why a slightly sub-optimal temperature could 

actually increase phage yield. 

Ratio effect The same interrelationship of cell 

growth and recycling of phage infection 1s important 1n 

the phage/spore input. The spore state of this organism 

is the only stage in which it can be accurately quanti• 

tated 1n terms of "aingle" cells. It was soon recognized 

that phage infection should be initiated at this single 

cell stage in order to give significance to a host•phage 
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input ratio. Phage are unable to infect the spores but 

if phage are added to the spores they will adsorb to and 

infect the newly geminated mroelium. which results. A 

phage inpUt greatly 1n exces1 or the number of spores 

would insure infection of all the newly germinated 

pores, but after one latent period and burst of pha~ 

veey few cells would remain to support further phage 

replloation. T1 tera produced from such a procedure would 

be dependent on a single burst of the phage. It the burst 

size 1s not exceptionally high, as is the case with this 

particular phage, resulting titers would not be high. 

From thea considerations it is evident that a low 

phage/spore ratio would allow a continual recycling of 

adsorptions and bursts with a gradual build-up in titer 

until all cellular material is lysed. The data 1n Tab1e 1 

indicate that these observations can be substantiated 

experiment lly. 

Rl! stabilit;r 

There ia quite a broad range of pH values to which 

the phage may be subjected with little or no permanent 

damage. This range is shown in Figure 3 which also in• 

dicates the pH at which the phage is permanently inactiv­

ated, Below pH 4 the phage 1a almost completely inactiv­

ated perhaps because of precipitation at ita iso-eleetric 
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Figure 3. pH staBility curves for phage in nutrient broth 
at 2-4 C. 
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point. These findings are compatible w1th those reported 

by Shang-Ohi Hau, et al (23, P• 338) tor ct1nophage 530•p 

in regard to pH stability. 

The inclusion of each individual step 1n the final 

purification scheme was considered from t o viewpoints: 

effect or procedure on the b1ologic~ al activi.ty ot the 

phage and i~a usetulnes as a remover of contamination. 

The results concerning these two points 111 be con­

sidered for each step separately and at>e summarized later 

in the text. 

Qla:r1t1cation This initial step served to remove 

from, the et-Ude lysate cellular debris resulting trom lysis 

aa well as a few remaining whole cells. Initial protein 

nitrogen determinations showed that this amounted to a 

removal ~f .up to 8% ot the total protein nitrogen. A 

slight titer drop usually accompanied the filtration, 

but since cel1te . itselt does not adsorb phage under these 

conditions, the drop is due to removal of infected cells 
, 

and cell debris which would yield a plaque if plated on 

§.• .sr1seus. 

http:activi.ty


gJAse treatment Deoxyribonucleic acid, a po sible 

oont minat1ng material 1n a phage lysate, can be eftect­

i vely removed by the en.zyr.1e DBAse. 'rhe only meaaux-o nt of 

the activity of the enzyme that was made waa the observa­

tion or lack of viscosity of the preparations after treat­

ment . Concentrated preparations that ere not treated 

with DNAae were extremely viscous, probably indicating a 

l r g amount of DNA present. Protein nitrogen drops 

ore always associated with the DNAse tre tment; t h1s 

might mean that some DNA ordinarily 1a brought down w1 th 

the protein when it is precipitated by triohloroacetio 

aoid. 

~£YPs1aization A review of the literature does not 

indicate any digestion of phage or losa of titer by the 

action of trypsin. However, thia partioular actinophage 

is very sensitive to the enzyme over a broad temperature 

range if the exposure time 1a much beyond one hour. The 

dat :from Table 2 attest to this observation. At .37°0 

as much as 60% or the original protein nitrogen may be 

d1 ge ted without a decrease in phage titor. on this 

ba is. the t17Psinization step became voey valuable 

purity aid . 

http:en.zyr.1e


Table 2 

EIPFEOT OF TRYPSIB 011 PHAGE AOTIVrt'Y AS IlfFLUENCED BY TIME AND TEMPERATURE 

Time of exposure Phage titer Protein nitrogen
Tempett'ature 1n hours percent deerease percent decrease 

2-4°c 24 33.7 37.4 

48 8.)..7 --­

37°0 l 1.0 60.7 

2 17.2 78.4 

.3 31.7 87.4 

'-" ..0 
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dS0£2t1on £! p~teine ~ oaloium phosphate Oaloium 

phosphate , pr oipitated 1n the phage lysate above pB 6.3, 

adsorbed up to 75~ of the non-phage proteins present. 

Small amounts o:f p age were sometimes lost by this step, 

probably by trapping of the phage by the precipitate 

rathe~ than by dsorpt1on. I ·t oan be shown that the 

phage does not ad orb to calcium phosphate above pH 6•34 

Between pH $.3 and 6.3, however, all or the phag$ will 

adaorb to the calciwn phosphate• This additional step 

a not included in th purification because the elution 

step as outlined by ~ahl and ~onoeaux (28, p. 434) was 

very 1neffio1ent . 

Ammonium sulf!te prt~ipitation This phage can be 

quantitatively precipitated by a high concentration of 

ammonium sulrate. The amount of ammonium sulfate nee• 

esaary to do this waa initially detePMined and the re• 

sults of these exp r1ments are shown in Table 3· It 

as ovid nt that phage activity could be permanently lost 

by long xposure to ammonium sulfate or to even short 

time exposures t very high concentrations.. In reference 

agn1n to Table 3, it may be noted that the concentrations 

of onium sulfate above 40% saturation tended to inact­

ivate th phage even though all of the phage was pre­

cipitated. The concentrations below 40~ did not 



Table 3 

AMMONIUM SULFA'l'E CONCENTRATION EFFEC'l'ING QUANTITATIVE 
PRECIPITATION OF THE PHAGE 

Percent .2!, or1s1nal &>hage recovered 
Final percent of saturation 

ot {NR4) 2so * In redissolved precipitate In filtrate
4 

25 

30 

35 

40 

50 

75 
100 

66. 0 

82.2 

81.0 

96. 6 

44·0 

56.0 

38. 8 

17. 1 

7. 9 

2.9 

0.4 
<0.1 

<. 0 . 1 

< 0 . 1 

0* calculated from percent saturation at 0 C 
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con i t6ntly pr c1p1tate all of the phage, as can be eon 

by noting th titers remaining 1n the filtrate. Thus 

40% or s turntion as selected as the concentration which 

quant1t tively precipitated the phage without preci ~­

tating undue amounts of additional proteins or causing 

e.xoes3 phage in ot1vation. 

The information in Table 4 supplements tho material 

:l.n T ble 3 to confirm the previous observation that the 

ammoniuu1 ~lt te inactivation of phage is affected by 

t and conce tration. An expoaura time of 5 minutes 

llo ed al os t complete recovery of the phage. 

The a1Illl1on1um sulfate a.tep functioned as a fra.at1on­

ation thod to remove proteins. Because it also served 

to concentrate tho volume of the preparation, many non­

protein 1mpur1t1 s also were eliminated. Depending on 

the preparation, aa much as 60¢ of the non-phag protein 

present could be removed in th1 manner. The ammonium 

sulfate precipitates were washed with a solution of ammon­

ium sulfate which was calculated not to dissolve the pre­

cipitate but to merely remove impurities clinging to the 

filter pad and the precipitate . The discarded washings 

w re always yellow, indicating tome pigmented compounds 

were also removed . 



Table 4 
EPFEC'r OF TIME OF EXPOSUBE TO 40% SATURATED AMMOlU'Oll SULFATE ON PHAGE ACTIVITY 

rtme of exposure to Percent-2£ original p~age recovered 
(lfflJt) zSOL before removing

precip2tated phage In redissolved precipitate In filtrate 

5 minutes 

15 minutes 

30 minutes 

1 hour 

2 hours 

96.5 

76.7 

61.3 

56.9 

39.6 

< 0.1 

< 0.1 

< 0.1 

< O.l 

< 0.1 

-'="" w 



44 
D*alyais A loss of phage activity alway-a resulted 

from dialysia. This loss ranged from 50 to 95'1t of the 

total input phage. !he titer loss was irreversible and 

proceded with time. This latter factor is established 

by the data 1n Table 5. 

Since phage are relat1vely large particles and would 

net be expected to pass through a aem1•permeab1e mem­

brane, the loa• 1n titer Ntleota a destruction of 

biological aot1v1ty of the phage while it remains in 

the dialysis bag. '!'he possibility of os1dat1on daage• 

whioh aeema remote when one considers that the phage 

are produced and stored under aerated conditione, was 

considered and checked by adding r educing agents to the 

butter used 1n the dialysis. Bo increase 1n recoveries 

was detectable. Many different butters as well as 

di1tilled water used for d1alya1a alwaya yielded the 

same poor recoveries. 

In the pur1t1oat1on procedure the final redi solved 

ammonium sulfate precipitate was dialyzed until no more 

ammonium ion remained in the bag; a negative Neaaler 

spot test waa used. aa an index of complete salt Hmoval. 

Since the phage t1trat1ona on a dialysed prepar-ation 

would definitely be 1n error, the titer b to~ d1alye1a 

was used for some of the calculat1ona. 



Table 5 

EFFECT OP DIALYSIS ON PHAGE ACTIVITY 

Time dialyzed Percent or Ol'iginal phage 
recovered 

2 hotlrs 35.3 

4 hours 5.2 

6 hours 1.0 

+="' 
\J1 
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Lyophilization The lyophilization wa not considered 

a purification step since only water was removed. It 

served the pu~ose of getting the phage into a solid 

form for observation, dry weight determinations,. and 

elemental analyses. The final yield of dry, s ightly 

brownish purified phage was 20.4 milligrams . This 

resulted from the purification of one liter of lysate 

and compares favorably with yields reported for similar 

preparations of other phages. 

A summary of represen:tative calibration data for 

ach individual purification step is given in Table 6. 

The recoveries are expressed as percent of pr vioua 

step., thus each step is considered 1nd1vidually. 

Final ~urificat1on 

Using the information gathered from initial calibra­

tion work on each purification step, sever>al complete 

experiments ere carried out combining all ot the prooed• 

urea into one integrated process . To minimize dangers 

of titer loss and bacterial contamination, the whole 

experiment was done in the course of one day, with the 

exception of dialysis and lyophilization. Typical results 

or such an experiment are shown in Table 7. In.feotiv1ty 

data are given in terms of phage particles per microgram 
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Table 6 

SUMMARY OF 
RECOVERIES 

PHAGE TITER AND PROTEIN NITROGEN 
IN INDIVIDUAL PURIFICATION STEPS 

Purification steps 

Range in recoveries 
expressed aa percent or 

previous step 

Phage titer Protein ri1trogen
4 

Celite cla~1f1cat1on · 92•100 92•97 

DNAse treatment 95-100 88-95 

Trypsinization 92•100 32-60 

oa3(P04) 2 adsorption 

(NH4)
2 
so4 precipitation# 1 

(NH4) SO preo1p1tat1on 1 2 
2 4 

85-95 

70-85 

65...70 

25-45 

53-15 

65·70 

OVERALL YIELD 



Table 7 

PHAGE AND PROTEIN NITROGEN RECOVERIES FROM :PURIFICATION EXPERIMENT 1J 9 

PHAGE\ PROTEIN BiiJ:'RQGEN INFEQTIVI'l'Y 

Phage Pe~cent Micro- Percent Phage/micro­
Purification step Volume pe~ of grams of gram protein 

in ml ml original per m1 original nitrogen 
xlO~ 

Olar1f1cat1on 1000 1.14x1o10 

DNAae treatment 1000 1.13x1ol0 

Trypsinization 1000 1.11x1o10 

ca
3

(Po
4

)
2 

adsorption 

(NH4) 
2
so

4 
precipitation II 1 

(NH4}
2
so 

4 
precipitation # 2 

1360 

210 

50 

7.63.x1o9 

J.9Jx1o10 

9. 67xlo10 

FINAL YIELD: 20.4 milligrams dey weight 

100.0 

99.1 

97 . 4 

91.1 

72.4 

42-4 

17.0 

14.8 

5.50 

1.79 

4 . 50 

13.3 

100.0 

87.1 

.32.4 

10.5 

5.56 

) .. 99 

0.671 

0.764 

2.02 

4 .26 

8.73 

1·30 

+=­
0> 
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of protein n1trogen. The continued increase in these 

infectivity values indicates a gradual removal of non­

phage protein while the phage concentrations remains 

qonstant or decreases somewhat. The infectivity 1noreases 

by a factor of 13 down through the first ammonium nlf'ate 

precipitation. For the next step this v lue 1 somewhat 

lower, undoubtedly a reflection of the lowered phage 

yield. It is very unlikely that this reduced titer was 

due to incomplete precipitation or a similar actual 

physical loss of phage, but it is probably cau:s d by 

inactivation by ammonium sulfate. 

Elemental analzs:ts 

Nitrogen, phosphorous. and dry weight determinations 

on the purified phage resulted in the data given in the 

first part of Table 8.. For comparison purposes ., the 

same type of determinations are listed for representative 

purified phages reported in the literature. Some prop.,­

erties of the phage unde.r study do not conform to values 

reported for other phages, notably members of the T 

series. This is neither surp~ising nor necessarily 

regretable since the physical and chemical make-up of 

phages might b~ expected to vary considerably, especially 

between non-related phages. 



-------- --

'!'able 8 

SOltE :PROPERTIES OF PURIFIED PHAGES 

Micrograms per Percent Pa.rticle 
Phage 1oli phage dry weight dr-.r weight Reference

16grams xlO­
W.1..t.1•tHran.. .1ho..s.:oho.rous__1U...t..ro.&!tffi. __Ehosnhora..u.a____ 

s. ,gr1seus 
Phage 514-3 38.1 7.4 9.0 1.6 42 this thesis 

'1'2 ........ ......... 11.8 J.7 _....._. 6, p. 51.3 
'1'2 10-20 ,3.$ 13.5 4.8 10 14, p. 256 
T2 8-10 2..7 16.0 5.2 5 13, p. 22 
T$ 36 10 -..----- -- --- 26, p. 145 
T6 9-18 ......... 13-4 1.5 21, p •. 306 

6 1.5 ....-.... --·-· 20, p. 179T7 --­Staph phage 20 6.7 14.3 4.8 1a 17, p .. 335 
Megater1um ......._phage 17 ............. 18, P• 260 
Actinophage ......._.......530-p 22 19.0 --- 11.5' 23, p . 338 
>6 n74 ............. -.-..... -....... 2.9 ........, 25, p . 37 

~ 
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The nitrogen and phosphorous percentages of 9. 0 

and 1 . 6 respectively are some .hat lower than correspond• 

ing values for other phage - The ni trog n percentage is 

especiall y at variance with the only other available 

data on actinophage , the 19% nitrogen l'epo:rte-d by Shang"" 

Obi Rau et al . (23 , P• 338) . 

The ratio between nitrogen Slid phoaphorou. content 

of the purified phage under study is about 5.6 in oontl'aat 

to a lower ratio or between 3 and 4 fo~ otheta phages •. 

A comparison of the particle weights reveals tor 

this phage a weight considerably higher than those report• 

ed for other bacteriophages . This weight of course will 

vary considerably due to the size variation of phages, 

both in head diameter and tail length. The weight ls 

calculated per active phage particle . Any inactive phftge 

will add weight to th~ preparation but not be considered 

in the enumeration. This is veey likely the cause of the. 

high value of 42 x lo-16 grams for phag 5tlt.·3· R&tel'• 

enoe to Table 7 will ahow that this certainly could be 

the case since only 42% of the ot-1g1nal phage rel118ined 

in the final pl'eparation. 

Ultraviolet absoret1on 2rogert1e• 

A typical curve resulting from ultraviolet light 

absorption studies made on pu:rit1ed preparations of the 
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phage is given 1n Figure 4. The characteristic minimum 

around 240 millimicrons and the maximum at approximately 

260 millimicrons indicate the presence of nucleic acids. 

Although considerable absorption occurs at 280 m1111• 

microns, it ia not extensive enough to yield a peak at 

this wavelength. The ratio or the absorbanoy at 260 

to that at 280 millimicrons is 1.33, indicating no gross 

protein contamination which would absorb at 280 milli• 

microns. 

Electron micrographs 

A qualitative indication of the purity which can 

be obtained with this purification procedure may be 

seen in Figure 5. Electron micrographs of the original 

lysate material are included to demonatrate the tremendous 

amount of contaminating material present initially. That 

moat of this contamination has been removed ia evident 

from a study ot parts A and B of Figure 5. Further it 

should be mentioned that the, phage in the final prepara... 

tiona appear homogeneous with reapoct to size and morpho· 

logy. Almost all ot the phage 1n the preparation were 

complete with tails; however. many free tails are also 

present. The separation or tails from heads is probably 

a major source of inactivation ao easily incurred with 
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Figure 4. Ultraviolet absorption spectrum 
of purified phage. 



Figure 5. Electron micrographs of purified 
phage preparations (A and B) 
and original lysate (C and D). 
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this phage . This breakage is not surpria1ng when one 

notes that the tail is 350 to 360 millimicrons long 

compared to a head diameter of about 100 millimicrons 

(9; p. 189). 
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DI SCUSSI ON 

A method has been presented for t he production and 

purification of measurable amounts of Strept'Osrces a:ta~us 

phage 514-J. The emphasis 1n the initial phases or this 

work was on obtaining high titer phage lysates . !his 

emphasis was justified as can readily been seen when one 

considers that the higher the initial phage titer, the 

more actual purified phage will result . A titer of at 

least 1 x 109 phage/ml is not difficult to obtain with 

this phage-host system; in fact , almost any lysate will 

titer in this range . Hard to obtain consistently, however, 
10is a t i t er of over 1 x 10 phage/ml. The key to the 

production of lysates in this high titer range ia control 

of temperature , aeration, phage/spore ratios, and any 

other factors affecting the physiological state of the 

host organism. The final yield of over 20 milli~ams of 

purified phage reported in this work resulted trom t he 

purification of one liter of lysate titering over 1 x 1010 
9

phage/ml . If an original lysate titer of only 1 x 10 had 

been used, only about one- tenth t he yield or about 2 

milli grams would have resulted. 'l'h1a amount would have 

been both too small to quantitatively purify and too little 

to use for analysis lat.er. From these considerations,. it 

is not difficult to understand the importance or starting 
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with material of a high titer. 

The methods chosen to purify the phage were those 

that best satisfied the requirements of removing contam­

inating material while still preserving the biological 

activity of the phage. This latter point was actually 

the most exacting and the most unpredictable. Thia 

particular phage is unuaually auaoeptible to inactivation. 

As pointed out earlier, part of this susceptibility may 

be due to the ease of mechanical injury to the phage it­

self. The elongated tail is apparently eaaily 1eparated 

from the head, as was evidenc d from the electron micro­

graphs in Figure 5. Thia factor dictated the choice of 

purification methods to a large degree; no method involv­

ing extensive shaking, stirring, or packing ot the phage 

was used. Even methoda which appeared on the 1urtace 

not to be harmful physically to the phage were unaccept­

able. Such a method was adsorption onto inert materials 

such as Dowex, EOTEOLA, and DEAE ion exchangera and onto 

calcium phosphate. By proper adjustment of conditions, 

adsorption could be brought about; but no sati1faotory 

elution was ever achieved from any of the adsorbents 

mentioned. Dialysis, a commonly used procedure in phage 

purification, for some unexplainable reason alao brought 

about great reductions in phage recoveries. 



An explanation tor these observations might be 

that the phage is actually quite different from other 

phages reported. This difference might be due to an 

unusual protein make-up. Perhaps the area of attachment 

to the host cell is easily denatured or altered in some 

way to make it non-infective. The tact that adsorption 

on inert materials is practically irreversible might 

further substantiate this &peculation. The phage ia 

sensitive to trypsin, a fact which has not been reported 

for other phages. This observation also attests to the 

unique nature or phage 514-3 protein. 

Indications that phage 514-3 might be unusu 1 in 

chemical make-up have also been presented. Prelimin­

ary results indicate a low percentage of both nitrogen 

and phosphorous content. This might lead one to b lieve 

that there is some moiety in the phage besides protein 

and nucleic acid, both of which should give a nitrogen 

content of greater than 9.0~. Perhaps the protein con• 

tained in the phage has an extremely low nitrogen content. 

The low phosphorous content might lead one to believe 

that the nucleic acid content of the phage is considerably 

less than one-halt of the total weight; phages are 

generally considered to be about one-half DRA. Theae 

considerations require further investigation into the 

nature of the phage. More analyaes on pur1t1ed 
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preparations are necessarr before any oonorete assess­

ment of the phagets chemical ake-up aan be made • 

.An answer to the imposing quest i on. "Bow puz-e is 

this phage preparation?," must be attempted. From all 

indications the prep rations finally obtained from this 

method era of'~ a de gree of purity oooparabl with reports 

of other pure preparations. To be sure, the preparations 

resulting from this work ere never subjected to some 

of' the more elaborate purity-evaluating methods suoh as 

the uae of the analytical centrifuge or an electrophoresis 

apparatus. 

!he low nitrogen and phosphorous contents of the dried 

preparation certainly do not indicate a hign de gre of con­

tamination from proteins or Ulloleio acids. There is the 

chance, however, that some con aminant not containing 

muoh nitrogen or phosphorous 1 present. 

Another good indication that the preparation is rel· 

atively pure is the ultraviolet absorption spectrum obtain­

ed. EXtensive contamination with nucleic acids would have 

been indicated by an incre sed bsorption at 260 mill!· 

microns, while gross protein impurities would have caused 

an absorption peak at 280 millimicrons. Other indioa• 

tions of purity such as amount of phosphorous or nitro­

gen per infectious unit or dry weight per particle 
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are subjeet to the error oau ed by the pl'esenoe of inactive 

phage particles .. This again points up the haza~s which 

may be encountered when working with suoh an easily 

inactivated phage . 

The continued obaervation that this phage re.aots to 

environmental oonditiona , both physical and ohomioal, in 

a manner different from most other phages is an even 

greater incentive to develop a method ot purifying it . 

Only then oan the apparent uniqueneaa of this phage be 

investigated. 
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SUMMARY 

SUitablG methods have been developed for the prep• 

aration and purification of Streptomyces sriseus phage 

514·3· The resulting purified phage was analyzed chem• 

ieally and was subjected to purity assessment. Pertinent 

results may be st.umnar1•ed as follows: 

1. An apparatus was designed and proper conditions 

developed for the consistent production of phage 

lysates titering between l and 5 x 1010 phage/ml. 

2. A purification sequence was used which included 

an initial oelite clarification, enzymatic digest• 

ion using DNAse and t~atn, removal of proteins 

with calcium phoaphate, two suoceasive preoipi· 

t t1ons with ammonium sulfate, dialyaia, and 

finally lyophilization. The effectiveness of 

each step was evaluated by a specific infect­

ivity determination. 

3. A final yield ot 20.4 milligrams of dry phage waa 

obtained. It contained 9.0% nitrogen and 1.6~ 

phosphottoua w1th a particle weight ot 42 x lo-16 

grams . 

4. Ultraviolet absorption studies as well as eleot­

ron micrographs revealed a considerable degree 

ot purity had been achieved. 
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