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f. IBRADIATION DXPERIMENTS

WITH NEULCBPORA CRABEA




i

SUGTION

During the pest 20 years the fungus Neurospora

crassa has proved iltsell as a valuesble experimental tool
in the flelds of biochemlstry end genetles. Frobsebly
begause Heurospors proved te be such an exgellent organlism
for the study eof the genetleal gontrel of bilochemical
reactions; the main emphasis of Heurocspors regearch in
the vast ten vyears has centered sbout the problem of the
interrelationship between genes and enzymes. However 1t
well sulted o the study of & host of other problems of
interest to geneitlcistss TPor instance, there iz the
sarly work of the Lindegrens (1932-1989) and the more
recent work of "hitehouse (19428) on the mechanisms of
eroesing overs. Hellintoock (1945) and Singleton {(1948)

have uncovered many fects of inbterest relating to chromosomal

P

mechenians, Deadle and Coonradt (1944} snd wore recently
Atwood (1950b) have studled problems of dowminance end
heterosis by the use of heterccaryonss PFinslly Hollesender
et al, (1945),; “wmerson (1944}, Giles et als (1948},

Dickey (1948), Abwood {1980), Xolmark and estergsard
{1949}, and Goodgal (1950) have used Heurospors conidis

in studies of the sction of various mutageniec sgents. In
the present series of studles Heurospors has again been

chosen to study non-blochemical geneblicos.
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Two essentially unrelated problems have been con-
sidered whieh presenied themselves in the course of devele

oping technioucs for the study of varicus irradiation

effects on Heurocspora conidis. They ares

- muteagenle gg%ﬁ%& in indueing %@vﬁﬁaﬁwmﬁ in
two gi%ﬂ%%ﬁgi%&ilg distinguishable muta
allisles of & ga?ﬁ;

Za The dif fﬁf@ﬁ?iai ﬁﬁvﬂ?%gl of killing end
mmﬁag%&e%iﬁ by post-treatzent of ultra-viclet
irvedisted oconidlea.

8ince unrelated problems are to be discussed; no

g@m%&%& literature review has been includeds Instesd,
pertinent literature is reviewed and discussed when it
is warrenbed by the courss of the discussions

HATORIALS AND BRTHOLS

lr“m §
"v-

ILs
Ay Btrains

Two strains of Neurospora erassa, each earvying

o mutant allele of a gene for inositol independence,
were used in these ezperiments. The original straing as

selected from the Heurospors stocks of the California

Institute of Tethnology were 3740le and 835201as Yhe

mutant 37401 reguires inositol for growth under all
conditions so far investigated, end shows & colonisl type
of growth on low concentraticns of inositel, It was

originally derived by Beadle and Tatum (1845) from an



ascuspore Pesulting from & eross bebwesn ultra-vicled

Fen

tresbed conidis of strain 25e and sirein li, This styrasin
has been used Iin Invesbigations of the numbsy of nuslel
contributed Ly each parent tov a gross in a single
perithecium by Grant (1948)s« 1% has been proven suitable
for microblological sssay of inosibtol by Peadle (1944},
end 1t has been used by Giles snd Lederberg {(1948) in
reversion experiments similar to those bo be desceribed

hevs,

Strain 88201 regulres inositel for growth sbove

28%, 4t 25° 1% will grow without inositol but added

inositel will incresse the amount of growth sbitalned,

The strein wes originally isclated by Beadle {1950}

from an ascospore resulting from s cross belween x-rayed
(100,000} conidia of strain Abbot 44 and styain 258,
Strain 85201 has been observed Lo revert sponbansously
to wild type in the sbooks, Deadle (18980) has noted

thet this strain will vevert in the pressnce of 2 narkey

((((( gens, thus ruling out contamination &g an explenation fov
the observed reverslons
The streins actually used in the experiments were

derived from the above desoribed strainsg sfter & series

of erossss deSlgned to place both slleles into the same
genetic background snd to accuwrmlate data bsaring on the
allelism of the two strains. The straing used were labelell

w2l2«l and BL20L-218~7, The pedigree of these strains

;m.?

........

is given in Plgure 1. Btresin I7401-81l8-1 is phenotypically



fet

ike the original 37401, It still reguires inocsitol for

growbth at both hizgh and lew temperatures and 1t grows

colonially at low concentrations of inositol, Sirain
BAEROL-E lwm? is mueh like the original pesrent strain except

}awé

that 4% has a8 semi-colonial growbh habit, During the
gourse of deriving the strains a coleonial rputant appeared
sponteneously in some of the segregants of one of the
erogses, This colonial mubtation was incorporated inte
865201 for use in laber work.

Bs Medias

Llguid and solid minimal and complete medlis used

in these experiments sre those deseribed by Beadle and Tatum
{1945} A1l orosses were performed on VWestergaard's minimeal

medium {(Vestergaard and Mitchell, 1947) supplemented with
small amounts (0.3 micrograms per ml.) of incsitol., In
gome of the experimsnts & sorbose mediunm wag used which

is essenbilally the seme as that of Tabtum et al. (1849},

mediws but the carbon souwree, suereses is substibuted by
0.5% sorbose and 0,1% sucrose. On this medium Heurospora

-

adopts a colonlal instead of the usual spreading growth

0« Haethod Used for Collecting Conidia for Hzax

AL

Gultures were grown on complete sgar medium eibhey
on slants in large btest tubes or in ¥olle flasks. Conldia,

harvested Irom 57 day old cultures, were dispersed in
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shberile distilled wotber and were filtered through sbaorbent
gotbon. Batinmates of the eonidiasl concentvrations were made
by direct count in & Spencer brighit-line hemoeybometer.
Deteorminations of viable conidial concentratlons were ob=-

tained by plating a proper dilution of the conldial sus-

ion on minimel egar nlates supplemented with 0,507

“429

pens
inesitol per mls; (8iles and Lederberg,; 1948)s The walues
obtained by ths dilublion plating technicue were consistently
lower than those obtained by the hemocytomeber count. The
proportion of conidia counbted in the hemooytometer which
gave rise to colonies on pleting varled from one bateh of
conidlie to the nexbt. A diseussion of the pessible causes
for such & phenomenon is given by Byan (1948}« In some of
the experiments the dilution pletings were carried out on
sorbose minimel mediuwn in which case still a different
valus wag obtained for wviable sconidisa,
B, Irradiation Technigues

Jonidia dispersed in distilled wabter were irradisted
in &0 x 15 mm. petri dishes using en uncalibrated 4.8
Sterile~lomn, Vodel UV -50, at & standard disiance of 7.5 cm.
4 thin {approzimately 1 wmm.) layer of econidisl suspension
was asitated during the course of the frradlation Yo ilnsure
even dlstribution of the irrsdistlon to 21l of the eonidie
in the suspension.
¥isible light was supplied by & bank of four 40

rath flourescent tubes at a distance of 55 cms Two of the



tubes were deylight and two were whlie,
e lethods of Detecting Hevarslions

Two mebhods were used to determinme the number of re-
versions present in the treated and untrestsd conlidial

guspensions. The first method consisted of dilubting the

Er g " - - P gy g &
treated sugpension

i A iy, & -
winimel nu

gilubaed

&8 B

conidial suspension to & large

EY

4 best btube with at least one reversion in 1% shows growih.
The numbers of reversions in sach tube followe the Polsson

The avarags in saoch

m = ~iog p,where:
5 F e g i By gk vy £ g e Vg F g g i g B ey o o
®m = saverage number of reverslons per bubs

p = the proportion of tubes vhieh do not show growth.

n = total number of tubes to whieh slicuots were

dintribubed,

The standsrd ervor ls reduged to 100 when v = .1 Lo

O35 8nd n = 180 bo 200

smounts of conldis on winimal sorbose ple

form eassily countable ecolonies on this o

&

is encoundered th this techniyue when very lergs numbers

of conidia sre plated dus Lo 8 roughening of the pletes

R

&
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seribed to & small smount of growth by the non~reversions
under these conditions.
Petalls of veristiones in proesdure will bes glven

further in ths tent.

T

Deumonstration of

raing SE80L and 27401,

ke
&

5

Puring the gourse ol studying various Heurgspora

mutants reguiring the same substance for growsh, many cases

o

have been found in which such strains proved not o be
aelleliec. In genersl such pon~sllelic atrains sre blocked

at different points in the synthetle pathway of the sub-
sbance regulred for growith. Other cases have been found,
however, in which muiants reguiring the sane subsitance

For growth sre both allelic and blocked at the same point in
the synthetic pathway of the substance. Two tests are
avallable to demonstrate non-sllelism of strains slthough
neither test cen prove eritically that streins are sllslic.
However, when streins fail te show nop=allellism in both tests
2 convineing argument cen be set fopth for sllelism, The
hetercocaryoble test lnvelves the assumption thet twe strains
blocked at dlfterent points in the synthetlie pathway of =
substance essentiel for growth will show growth when ine

peulated simultenecusly into minimal medium, Nuclel of esch

o
©

strain in this case ars able to supply the Intermediat
that the other nuelel are unable bo synthesize, Hovever ag

L

Besdle and Coonradt (1944} have polinted oub, one of the
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gaveral 4ilutionzg of ope harvest of conidis were irvrodisted.

Since varlishls rezulits were obbslined from van o

S o

vun as regerds survival, sach ez

e sell conbained, Ho atis
results obbeined in one expev

rather 1t was deemed more satis?

Gomons
De  Br
A fotal of over 100 million conidis were bested fop

spontaneous reverslion. Out of this number only 16 conldis
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Figure 2

Concentration Dependence of Sensitivity to UV

@ 1initial concentration, 3 x 106 conidia per cc,
X initisl concentration, 5 x 10 gonidia per cc.
o initial concentration, 5.2 x 10~ conidia per cc.
50 ‘

O~ X

%
survival
5‘.
|,,
o]
) 5 30 25 60

UV dose in seconds

Survival curves of dilutions of one harvest of conidia,
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Yable II
Spontensous Reversion of Strain 57401-818-1
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Birain 85201 as previously discussed has been known o
revert in the stocks of the ¥eurcspors kept at the Calie
Ffornie Institube of Technology. Unpublished data of Beadls

indiceate: that the apparent rveversion 1 not due Lo cone

teminetion since an 2lbino incsitel requiring strain gives

rise to albine inesitol independent mubtanbss From the
daba obtained 1t seems likely thet L3B0L-81E.7 has @
higher sponteneous reversion rate than does H7401-21E-1,

¥, Reversions Induced by Ulire-¥iolet Lighte-Birain 37401-

The date summarized In Table IV elsarly demonsivats

%

thet reversions are induced in strain I7401-B12-1 by UV,

E.E
}
i
&
@
s
F

Flen o Madoes o007l awem - i, gy de o Snlaoanedr Bl wbovrr ssowe e d 5e) i o o s B
b BTG b ok BN RRLSAGEI NI WRRITEREN K‘» e R R RAEATA R RhEAGE b B2V SR B G A ES B S W v{ﬂ% £ 25 ff ey

ingreased with incressing dose of UV, Unfortunately the

effect of bigher dosss of UV on reversion freguency was

not studieds These resulbs agree with those obitsined by

Giles and lederberg {(1948) using enother technisue fop

detecting reverslons lndueced by UV in steain I¥401.

Gy Reversilons induced by Ultra-Viclet Light--Strain
BE201-818«7 4

Although conelusive evidence 1g avallable that strain

83201 willl revert spontaneously, 1t does not sppesy e do

go under the influence ol UV. Table V summarizss the rew~
sults bearing on this polnt obtalned from four separabe
experiments. ELxperlwments 1l and 13 wers performed with

conidie which had an esasily messurable nunber of reversions



Table I

%

Spontansous Heversion of Btrain B0801-818-7

@@ﬂiﬁiﬁ%?aﬁﬁﬁﬁ
x 1O _ los of Heversions

Hhgs

8 12 1
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Table IV

Induction of Heversions in Straln 37401-818-7 by UV

Dose of Irvedistion Heversions per 10°
Jin seconds surviving conldia
Pooled date o Bee Table IX

H

9 10 246

59

#

8 15 | 4,8 & 75
19 15 7.0 * 1,4
g 20 6.9 % 1.2

ot
e
o
et
o
*
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W
]
®
‘:"‘1
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14 30 110 Led
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Pable V

Depmonstration of the lack of UV Induced Reversgions in Strsin

S5201~E12=T «

’ Dese of Irradiation Reversions per Numbep
Bxpe _..An Seconds of Surviving gonidia

& o L in 12 millien
& 15 5 in 4 million

3 5 A in 185 million

&
o
Lo
e

in 19 million

Lia
i)
¥

> An LT million

%3
£
<
s

in 1645 million

Reversions per 10%

Survivine Conidis

11 6] a2 .86

i1 20 oo & L8
11 40 1452
13 ¢ 4,46

+
t

® 20 4,46 * .88
15 40 4,08 %
4



before breatment. Ulbtra-violet light did not reise the

number of reversions above bthat originelly presant.

¥« Mature of the Reversions.

£

e experiments were performed to determine whether

the reversilons were backs-mubtants, suppressor tvpe mubante,

oy due bo some other phenomenone. A veversion,; therelore,

in these experiments relers to & chenge in g hapleld neCro=

%

conidivwm from Iinability bte grow on & ninlnal wmedlium to
ebllity to grow on minizael wmedium, Glles and Lederberg

6} tested btwo reversions of 37401 and found them to be

mutations at the inositolless locus leading to the wild
type eondiblone The reversipons were indistinguisheble from
wild type in growth rate abt 25" and in growth requirvements,
In these btwo cases the evidence seemsg falirly good that

the reversicns sre sctually backemutabtions to the wild Bype

Agents on the Twoe Btraing,.

8} meray o reversions were induged in straln

15,000

gonidlis,
&

wam  EEFG
e oS

respectively. The doses aduminlstered caussd 4

mortalibty. Dozmes of uliraw~viclet causing sueh wmortalitles

%

i gbrein 57400-218-1 are sulficisnt o cmuss s drasiic

B} Hitrogen musterd. Conidis of both 57401-212-1

GlL-Bl2-Y were brested for 20 miaubesn




Strain

$7401-212=-1
57401=212-1
85201=212-7

83201-212-7

Treatment
Control

N. Mustard
Control

N. Mustard

Table VI

Visble Conidia
Tested x 106
5.6
3.0
762

2.8

Reversions Induced by Nitrogen Mustard

In Strains 37401-212-1 and 83201-212-7

No. of
Reversions
8
56

1

Reversions per 1P
Surviving Conidia
0.23

12.

™
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K

solution of nitrogen mustard, The results are summarized
in Pable VI

Although the dete are meagey 1% scoms clesy that as
in the case with ultra-viclet light, nitrogen mugterd will
induce veversions in straip $7401-218-1, but will not do
g0 in etrailn B5B01-218-Y4
ds Dlscussion of Hesuliss

Gileg {(1948B) has studied a series of phenctypiecally
indistinguishable ellelis inositel reguiring mubtanbs and
has found thet some of them differ in thelr ability to
revert under the influence of mubageniec agents. In partie-
ular he hag compared straing 57401 and 46808, The results
indicate that & situation exlsits sinilar te thet reported
here. Glles found that straln 46802 falled to vevert with
sny treatment attempited. The sume of course ls true of
stralin BI201-812«7 ss reported heres Strain &7401 and the
derived strein 37401-212-1 yield the some type of resulis
both in Glles' emperiments and those presented in thise
thesig, Several differences exist bebween strains 46802
and B3201-218«7, Strein 46802 was derived from ulires
violet irredisted mesierial while BEECL-R1E2-T ag previcusly
mentioned was derived from x~raved conidias Sirain 46808
iy phenotynically indistinguisheble from 7401 exgept for
its resebion to mutagenic agents while 85201 is pheno-
fypically distinguishsble from 37401 Flnally no deta ave

svailable regarding the ablility of strain 46802 to vevert



spontansously while strain B3801 bas besen shown o revert
gpontaneously.
The point of inbervest ig thaet strain 85201-21lE~7 has

been shown to revert gponbansocusly while 1% 1s iuncepsable of
¥ gt

&

being induced Yo revert by eny of the common puiagenic
agents. I the spountanecus reversions sre in facht tyue
matetlions then we are presenbed with 2 casse in whieh muta-
genic aspgents ave unable to induce the same type of mutation
thet ogcurs spontancouelye The sxperinmentel date sre, hows
aver, subject to several other speculative interpretationsg,

e b

It is possivle that the UV induced reversions of

strain 57401 do not sebuslly pvepresent bechemutations, bub
e ot snother loous.  ‘The resulis

tation wees only capable of
suppressing the sllele of the inositel loous represented In
strain 57401 That & supprecsor mutatlon cen affect alleles
differentially has been demonstrated by Lewis (1950) in
Drosophile, This interpretabion, however, ls sontrary to
the finding of Giles and Lederbperg (1948) that in two cases
studied, the UV induced reverslions are in fact back-pmiatliong.
The suggestion is mede that s wider sbudy of the nature of
the induged reversions is in order before the suppressory
ypothesis can be ruled oubs

Ancther interpretatlion whiech wmay be applied 1s that

strain 57401 may represent o glight rearrangement ol the
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romogonal materdal which is unstable lowards mubagenie

g-,m

agents close to or involving the inosibdol locus. This

notion implies that the blochemilecal function of the gene isg

e

not impaired because of actusl damege to the gens, bub

£

rather by the change in the relative position of the gene.

4 veversion in this case would vepresent not the restoration

ol function to meng, but rather the reverssl

of & pogition

¥ on Ultre~Violet Lig

An attempd %ﬁ@wm%é@ B0 3%& %&@%&§@ or not the com~
plete inositeol dependent zllele would wmubate to the Leup-
erature incsitoledepondent allele. To this end, conidla

of the sitrain 37401-218-1 were irrediated with ulirae-viclet
Light for 30 seeconds end the reversion frequency wes debopw

3 and 38% I en appreclable

rined after incubebtion at both &8
amount of btemperature dependent wubtants had been induced,
they ecould now be detected by the fact that wmore reversions

| be chserved emong the conldils incubsted at 28°, Howw

ever, when the experiment wa wwlormed snd repsated, o
signilicently higher nusmber of reversions was debected among
the econidia incubated at 55%, Table VII swmerizes the
Findings obtalined in two such sexperiments,
The regults suggest theit perbheps bemperature putants

were induced which requived inositol for growth at 25% put

@

which ecould grow on minimal &t 987 ; the reverse of the

sltustion thet exists in straln E320%,.
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The opporbtunity for testing this hypothesis was
immedlately at hand since merely by transferving euliures

from all of the Pubss which ghowed growth at 55° o fresh

@@ guy of the cultures

minimal medivm and incubating at 85
which contalned only the reverse bemperabture mutants ecould
be detected by lack of growih ab £ 259,  The number of tubsos
which should show no growth can be predicted by the follow-
ing considerations of the dabe obbalned in experiment ¢ 173

The sverapge mamber of veversions in esch of 180 tubes

i N 2% 5
incubated 8t 25° is l.1l. The sverage number of reversions

tn esch of the tubes incubated ot 58% ds 1.7%. w#ilil

W

assume that the tubes incubated at 359

heve an asversge of
1:11 reversions per btube and an average of 1,795 « L.11 or
«84 reverse bempervature mubanis per tubs, From the Tormula
p = e " we can caleulste thet 0,55 of the tubes should have
no reversions and 0447 of the tubes should have one or mors
reverse bemperaturs mutents. The probebilliity will, there«
fore, be that 033 x 047 or 16 of the tubes will contaln
only veverse tempersbure mubants. IL all of the 184 tubes
ghowing growth atb w@ in sxperiment 17 were to be btrans-

prred toe fresh pinioel medium et ﬁ%ﬁ the probebllity would

3oty
Fon
wj

be greatest that 24 of the tubes should show no growbh,.

Then the experiment is scbually perviormed; however,

a1l of the cultures obbained at 55° showed growth when transe
. a {} .
grred to fresh minimel wmediunm and incubabted abt 257 The

€3
discrepsney in the namber of mubtants obtalined at B8 and at

e pe b

&8 ht elsewheres As & covollary to

must therel
the above experiment and ss a [urther check on whether the

induced to revert
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to the temperature inoceibol depsndent sllele, the 100 cultures
obtainsd at %ﬁﬁ in experiment § 17 were also translerred
to fresh minimel medium and Ineubated ab 55°, Agein all of
the sulbturss showed growth at the alitsrnabs tenpsrature.

The possibillivy that the diserepanegy in the nuber

af reversions obserwved at the twe 4ifTerent

more gonidis

&

then do a2t 85Y was exsmined, IJocwwmlisted dets indicatesd

wag no gush differense in unitreated sonidis and

Parthermore the 30 seconds of irvrsdlation applled goused

neither mortallity of the conidie noy diiferential wviability

Since 1t 1s believed thet the obsevrved phenomenon
he sy bo that irradisted conidis

further discussion of poss

are trested with visgiblis

20t on reverasion

qu&
Q‘é

sitle explanations for the temperature el

0oy will be deferrsd until the next seotions

e Biffeet of Light snd Temperstbure on the Zurvivel of Ulire-

w5
g
=
&
o
o
]
2
o
k
&
ot
=
Ch
@
)
e
£
el
B

FPor some btime wvaricus Invesitlgabors have noted thad

sartaln post-treatments of ullrs-vicled irradisted maberial
would reverss to & lesser or greabsy exbtent gsoms of the

nobsd that & variety of chemical 1

%
s

. Y. k3 P . o A o Ty
aativate ultreeviolet 21lled conlidis of the mold Trich
R SN SRR
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4% dige

Hore recently Zslner in 1

reactivets conidis of an

actinomycete. This discovery wasg gulckly confirmed and
exbended by Dulbsteo {1940,1950), working with becterioe=
phage and by Hoviek and Szilerd (18949} working with becbteris,
The phenomens assoclated with 1light post treatment have slso
been Tound to apply to the animal kingdom by Blum et al.
{1280} and Narshek (1949} who studlied lighit~induced recovery
of the rate of cleasvage of ses urchin sgzs which had been
irradisted with UV. Anderson {1949) gg%ﬁ@@ﬁ@ﬁ%ég discoverved
that heat would zlpo veverse the efifect of ultra-viclet ipe
radiation in baeteris. It is probable thet still other

post treatments will be found thet cen diminish the effso-

tiveness of UV, In the course of study of wvisidble

vosetiveblion 4% ves diseoversed that not 81l of the vlivae

viclet killing ecould he reversed. Iulbeceo found that in

each strein of bacteriophage iovestigeted a certain definite
gmount of the ultre-viclet demspe could be revevrsed, while

the vest of the killing epparently ecould not be reversged,

These recent [indings srouse pew interest in the wﬁaﬁ

pf action of ulbreeviclet lights From the peint of view of
the geneticlst, informetion of this nature is especislly

valuable since it ig well Ibnown thet witre-viclet light is

2 mutegenic agent., Several problems of lmmediate interest

to the geneticlat ave alveady subject to atbacks: Abtwood

{1950} has recently demonstreted that wmuch of the ulira-
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Newcombe (1950}, in & later report confirms the results of
Hoviek and Szilard (1948} for low doses of ultre~viclet, but
reports that at higher doses the mubagenic effect of ultra=-
violet is move steble to the asction of wvieible light then
is the killing effects The mutageniec sction of gamma
irrediation is alse &@@&Wﬁﬁtlv astable bto the action of visible
light according to Newcombe, although in this case no inlorw
mation is available e8 to the effect of vieible light yﬁatm
treatment on the killing effect of gauma radiation. I
is reported by Goodgal (1880) that the frequency of morphow
logical mutation inducsd by UV scting on Heuwrcepora microw-
gonidia 1s veduced by bthe aetion of visible ilight to & lesser
extent then is the killing effect. It is seen that by s
propey study of the various aspests ol the reversal of ultre-
violet effeet, much valuable information can be gained re=
gerding the bleological action of ultra=viclel radiations.
Date gollected in this leboratory conflirm the re=-
varsal of ulitre-violet kllling by heat and light, Figures
B44 end 5 yepresent the results cbialuned in three separste
sxperiments in which conidial suespensions of strain 37401-
218«1 wore irradisted for varying pericds of time and
immediately diluted and plateds The conditions of Incubabion
of the plates were in the dark at 27° € and 35° © and in the
light at 27° Gs The pereentage survival is plotted against
the ultra-viclet doge for each condltion of incubstions 1%

san be elearly seen from the figures that at domes of WY
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Figure 3

Light and Heat Reactivation of UV Treated Conidia=—Exp. 38

o conidia incubated in the light at 27°C.
@ conidia incubsted in the dark at 359¢,
x conidia incubated in the dark at 27%¢a,

100

50

survival

10

| | | I

5 r .5 2

UV dose in minutes
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Figure 4

Light and Heat Reactivation of UV Treated Conidia——Exp. 59

50

%
survival

Sr— UV dose in minutes

| i i |

05 ! 1S 2 2.5

conidia incubated in the light at 27°C.

conidia incubated in the dark at 5Sgc,

conidia incubsted in the dark at 27 C.

=< ® 0
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Figure 5
Light Reactivation of UV Treated Conidisa—Exp. 41

0 conidia incubated in the light at 27°C.
X conidia incubated in the dark at 27°C.

100. g\u X
X -
50—
val
5._
l

.5 | i.5 2 2.5
UV dose in minutes
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where apprecisble killing tekes place when the plates are
ineubated in the dark ab “? s incubating the plabes in the
dark at 357 causes & paritial reversal of killing, while

inecubeting in the light at 277 causes an sven greater rew

agtivation of the spores.

The results clearly demonsitrate that the phenomens
of light and heat reactivation of UV killed material obe

riles to Heurcogpora macvoconidis.

served by others also &
Sxpeviments were designed iﬁ s effort to determine

whether the mmbagenic action of wlira-violet was reversed

o the sgame exbent ap 1ts Eilling actlions The nmacroconidia
of Beurpspors are mulbinucliente wilith o variable number of
muclel in esch conidium. The survival curves of the sonidia

are clearly of the wuliiple hit type as dewmonstrsted in an

sarlicr sectlon of this thesis,

I low doses of UV are sdminisiered to conidia so
that there is 1ittle or no killing of conidis when they are

&

germineted in the dark, then when such conidia are germils

asted in the tleere con be lititle evidence of
reactivation. Howevery 1f we consider that the low doses
of ultra-violet kill nuclei, then thesse nusclei should be
gsubject to reacilivation. On irredistion of & mubant strsin

sueh as S7401-218-1 with low doses of UV, the sssumption i

i

nede that nuclel containing reversions to wild tyve will be
distribubed proportionabely among the living as well as the

g

killed nuclei. vhen 8 post-brectment is now glven which



leads bo resmctivation of nuclel, three btypes of resulis can

be expeeted ez vegards the frecguency of reversion,.
g) ‘The fregusney of reversion will descrease if reversal
of mutagenle asction ls move pronounced than reversal of

killing actions

b} The freguensy will remsin the same if the two actions

ot

are medisted by the seme mechanism op if they are evenly
balanced,

¢}  The frequency will inereasse if the reversal of the
Eilling effect is wmore pronounced then reversal of the
nutsgenic effect.

Buch experiments hed already been performed in

snother sopbext vhen it was reslized thatb

the above anelysis would be of value. Table VII gives

the freguency of reversions found after 30 seconds of ipe
o o

rediation at 25° and at 35 . Clearly more reversions were

o

found at the higher temperature indicabing that the reversal

of the killing effe¢t is more pronownced than that of the

mutagenic effect, Additional experinments were carried ou

bose plating btechnloune to detect reversions. The resulbs
of three such experiments are ilsted in Table VIII., Hevs
again the reversion fregusney is Ilnereassd in the ??@3%%3%

k)

of visible light indicating thet the killing effect of uls
: &

vioclet can be reversed to & greater sxtent than bthe mubas-

glven high doses of uviltras-violet

yible light ss the reactivating agent using the sops-

5 v



50

Table VIIIL

Visible Light Post-Treatment Effect

on Killing and Reversion of UV Treated Conidia,

Exp. # UV Dose in % Survival Reversions per 106 Surviving Conidia.
Seconds Dark Light Dark Light
31 0 100 100 0 8]
120 83 100 11.3 41.5
59 0 100 100 o 0
S0 87 92 6 i1
60 58 76 15 15
90 30 58 11 26
41 o 100 100 G O
30 100 100 3 10
60 g8 100 8 15

90 45 85 22 29



S1

4

such that the amount of killing both in the dark and in

the light falls on the exponsntisl psrt of the survival
curve, then we may azain expeet three types of results

a} The reversion freguency will be higher in the light
then in the derk if visible 1light is inducing reversions

or Lf killed reverted conidis are selectlvely resctivated,
v} The reversion frequency obbtained bhefore and after poste
treatment will be the ssme if only the killling effect is
reversed but the mutegenic =ffect rewains uwmmodified by
posb-trentnent.

¢} The reversion rate will be reduced after postetreabtment
if the mutagenic elffect 1s reversed. Careful guantitative
experiments are required to determine the extent of muts
genie offect reversal.

This type of experiment ls difficult to perform
since at high doses the large numbers of non-visble cenidia
which must be plated with the relatively sgarcer viable
conldia may interfere with the determinations of the rever-
sion frequencies. However, preliminary results of high
dope experiments geve resulis of type ¢, from which it may
be concluded thet all or part of the mutagenic effect can
be rev&v%a@a The resulits obtalned in a high dosgse experi=
ment are prescented ip Table IX, Only one experiment was
performed, bubt the results agree guite well with resulis

sported by Goodgal who performed e¢ssentlally the same
experiment with micrceonidia of Heurcospora. Wmfortunstely
this work wes discontinued belore the results could be

gonfirmed by other experimsnis,.
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Preliminary dats have besn scouwmulsted whileh indie

"

cave that when mutent Heurospora conidis are subjected to

oy

low doses of UV such that the mortality is very low, the
freguency of reversion is inereased by subsequent visible

1ight or heat posb-treatment. However, at higher doses of

UV, where ths morbality of the conidia is h the fregusncy

of’ reversion is deureased by visible poab-treatnent.

During the eourse of presenting the data, the esrgument was
put forth, in s guelitative menner, thalt these results

indleate that post-treamtment can differentislly reverse the

&
* N 2 ] % . =z S o " 5
lethal and mutegeniec effectz of UV, The resulbts, moreove
2 3 Bty ot Lo %, % 5% s i & -~ ,‘ o,
indicated that the lsthal effect of UV is reversed more

The phenomenon, if confimm

by the following theoretical schenme

Lids
P
o
&
24
- 3
ot
i3
£
L]
o
o
B

Sha kel

<
R

If we meke the preliminery sssum

"

are gubject to one-hit killing by UV and that non-genstie

k¥illing is wore sseily induced then lethal mutatlon killing,

w

o glven nucleus will survive

. ) , wit, I
after & given dose D 1s equal %o e &

gmf
;;h
ok
ganh

e
%ﬁ*
o
b
&
oF

then the proba

P

B
The probabllity that 2 given nucleuns will be inviable
3 i 2 4 . % o Tk é‘j
after & given dose D is sousl to 1= 17,
If we assume that & mecrcconidium has n muslel, then
the probebility thaet =

given conldiuvm will be inviable

0 wif, 3. 1
after dose D is enual Ho (l-e lgéﬁg
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Figure 6

Plot of MA vs. K D
B 1

N
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Table IX

Visible Light Post-Treatment Effect
on Killing and Reversion of Conidia Treated with

High Doses of UV.

Exp. # Dose of UV % Survival Heversions per 106 Surviving Conidia
in Seconds Dark Light Dark Light
41 ¢ 100 100 0 0
120 14 68 31 14

150 2.6 42 69 20
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The probebility that 8 given conidiuwm will be visble
-3 T r

efter dose D is suual to L-{les 1 i

The probability thaet a mutetion ls induced in a
given nusleus after dese D 1s equal Lo kK .

The probebility thet a nuecleus is mutated and

- - . . =D

phvasiologlenlly metive is equal bo R$§@ 174

The probabllity that e conidium will conbain at
least one phyeiologleally sctive and mutated nucleus is
; W
goual to ﬁkzﬁﬁ 17

20 that without post=-treatment:

Detectable %ﬁ%&ﬁi&ﬁﬁ %kgﬁ
@&??&Viﬁ? wonlals S

After post-itreatment:

Eiﬁ is reduced %o akiﬁ where a is less than or egual
to 1. This represents the reactivation of the non-genctie
killing.

kgﬁ is redueced Lo @kgg vaere U i1s slso lesgs then ov
equal Yo 1, This represents the reversal of the mutagenise
effect,

ihe mutation frequency among the surviving conidia

alfter post-treatment then becomest

o B D
Detvectable Nutations - Eﬁkﬁﬁﬁ i
Surviving conidie | ?méiw@"§§%§§m

I we now compere the mutation Ireguency before gnd
after postetreatments

BA
e = Hutetlon fregusncy after pogt-Ltreatment

e %&@&@isﬂ f@@g&%m@y*ﬁ@fwr@ DOS G- Lrestment

{33‘
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The ecuation can bes reduced as follows:

On figure &

53 s is sel equal to 0.4 and b 1 set

&l
B
o
e
o
4
2
oy
foudt
54
@&
oy
el
&
e

wal o 0.8, It ls geen that the type of resulits oblialned

in the prelinlnary experinents are predicte

theorebiecal discussions At low vals

» el T F I SO e i o Sl Y B e o
It will be of interest to conlirm the preliminary

end to sxtend the work in 2 gua

to see whether or net the theoretical scheme has any beslsg

i Aot Bl e el

. i ey Tow  ym sy g R ey & g 53 PO ¥ I Y I e,
in fact. SBuch & sygbem, 1L verifisd, should be useful forp
geparating and studying the various effects of UY on
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Ae OGeneral Ztatement of the Problem
Yhen & bacterium is presented with 2 phapge periisle
to whieh 1% is susceptible, the phoge particle will adsord

onbo the bacteriuws and disa

Afber & specified length of time, depending beth on the
gystenm and the enviromment of the system, the bacberium will

purst and re l@@ many new infectious units. The viruse
hoegt relstionshipy just descoribed may be likened Lo other

hogt~paresite systems in which the paracite stbecks snd

#

completely destroys the host, Just as in obther Pblologieal
systems there are cages in which the virus may live in
reletive harmony with its host. The

giffer from other paraslites in several

1ife eyvele in the absence of the host, elther in nature or
under speeial laborstory conditiong, Viruses, on the ouher

hend, are charag

Peresites in general are thought to have evelved from
free-living forms, the adaptation to parasitism beins assoe

4

Gi

«f

vise eneble the pavraslie te live in the

it hogbe

ated with loss of structure snd funeiion which would othepe



o
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It may be that viruses have arisen in a2 similer manner,
in whieh case viruses may be thought of as the most pava-
sitic of all parasites, having lost all funetion except that

immediately related to self-veplication. The possibill

et
i
o
af

has also besn suggested thst viruses may e gene complexes

wirieh have escaped from the ususl cellulasr esnwironment and

have becowe lnvasive for other cells. 5tlll ancbher theory

ie that viruses arve very primlblve ocrganlsms growing in an

srganic senviromument whleh onee sxisted in an extrscellulsy
state, but whiech at the present time is found only in the
provoplasm of living organismg.

Aegardless of ihe ovrlgin of virusss, it ssems cleay

3 P % s Sap St b v T T P g e
shat In mauny respects they ressumble gene

The viruses do nob merely use the host 2s a2 nubtrient

own » cation, I we counslider thet en orpenisnts meiabolie
processes are unde?r Lthe master conitrol of its geneblc sppa-

ratus, them 1t begomes reasonable to suppose that the virus
ig msetbing as penic meterial when 1% slters the host metaboli

dnimel snd bacterial viruges are composed

thought of as comprising genic maberials

If it is true, then, thet viruses resemble genss in

<

o sbudy the sourse of & virus infection In an effort to

Blle



L

e oonors

tunity is presented to debermine how fresshly introduced
genlic material affects a living cell,

Perhaps the essiest sysbten in which te siudy the hogt-

less than thet reguived fov plant or snimel vivas investie
gations., “mentitative assay procedures have been developed

and much informabion has Leen gernered to date as to the

events that occuy when & bvacberlicphage sttacks & Dacteriun.

%‘.‘3
@‘:ﬂ

Hepeclally well studied is the system with which the ex-
perimental part of this thesis deals, viz., the bacterium

hecherichis coll strain B and the T series ol phages which

atbtack 1%, The pheges of the T series have been Investle
gated with yreflned chewical and physiecal methods and many
chavesteristles of these viruses have been establlished.
The system of bachterium snd phege together, hags bsen undey
the concentrated stitention of several groups of investlgators.
The pertinent informstion uncovered will be reviewed in
the nexzt sectiocn of this theslis.

The course of a phare infection can be divided inte

essentially three phages. The Iiyrst phase desls

-5 - i

mechanisms of bacteriophage sdsorptlon onbo and
inte the bacterial cells During the sscond phase of the

the extracelliular charscbteristics

{&
}-»ts

infection the virus lozos
snd ecannet be recovered from the esll as an infectliousz unit.

This phase of the infection 1s called the "eclipse” and
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very Little iz known about it. During the third phese new
infectious units appear within the bacterium in Incressing
numbers until the ond of the latent perlced when the bace
teriuwn bursts and relesses the new phage, The latent periocd
refers to the psriocd between the onset of the infection and
the relesse of new phage. In the systems investigatbed, the

latent period lasts from 13 minutes to & little over an

hour depending upon the system snd on the environmental coniw

4

E?

ditliong, The first phase of the infectlon lasits only s

§

short period of time; the second phase lasts approximabely
for one haelf of the latent period, and the third phose og-

second helf of the latent period. In certain

€3
=
&
frae
L6y
3
5
L
i
U}

ro, bacteria cen Dbe ovrevented Irom bursiting

ad of several hours after the snd of ths normal

o secondary phage infectlons.

The diseussion so far has chiefly been concerned with

a definition of the bhacteriuvm~bacteriophage systenm.

[

work, however, in elucideting the general gourse of virus

infeections hag been carried out with nlant and L vlruses

Oonly work heving a direet bearing on the problem to be cone
sidered in this thesls will be mentioned., Tobacco mosale
virus can esasily be resolved from other proteins by electro-
phoresis end ultracentrifugation of leal cytoplasm derived
from infected tobececo plents. The results of a series of
experiments suggest that tobscco moselec virus is synthesiszed

at the direct expense of 2 bulk cyvitoplasmie protelin which



%
n

. of the total soluble cytoplasmic

comprises approximeiely

5

protein of uwninfected tobecos leaves. This bulk protein has

shown 1ittle or no enzymabic agtiviitys

%

It was thought that the methods used so sueccessfully

<]

in the plent virus reseavch might yield further information

cation bo

gbout the course of wvirus infesetion by
the bettsr defined bacterial virus system. The immediste
points of abbaeck woere as followss

1. To determine whether or not nroteins and othep
high mwoleeular welght substbances dervived from bacteris
ecould be savisfactorily exemined by electrophorasis and

uitracentrifugstion.

&9 X - ' b s T ey
o Lx BEY . ﬁaga MOLGGU.LEY
E o]

weight con Qﬁﬁ@m%ﬁ i the bacterium contribube dirsctly to
phage ﬁgﬁt&** S »

Se¢ To determine the nature of the changes baking
place in the bacterisl cell during a phagze infection.

4¢ To deteect postulated viral precursors during
bhe eglipse phase of the bacterisl infesction.

In this introductory shtaotement no reference Lo su-

e mads In the following section.

Hg it @:&?é‘a bupe Heview

bacherisl viruses

fu—i

is relatively young, Only thiriy-five years have slapsed



gince Pwort in 1815 noted th

could be turned into a

ve filtersd through bacterial cendies. The agent wes active

W

in exbtreme diluticn, and ecould he trensmitéed in &n ondless

geries., Twort congldered 1% wmost likely thet the apent

P

wag secrebed by the bacteris, but he did not rule oubt the

-

pogglibility thet the agent was sn animel

d¥flerelles ind
gontributed the word

the Literasiturs, The go-goiled ¥ 5 phenomenon

wag studied for the next 25 years

The field of

is charscterized by &

gualitetive nature of

raproducible resulis with the orude Lechnioues swployed,

were reviewed by Hedley in 18588, 47 Herelle

baoterlophsa

riginslly postuleated in 1917 that be

i =

LrE - B, sy P L & n s &
Filteranle virus which parasitis scheria

dostruction by lysis. Habesshims {1820) postulated that the
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bacteriophage ls an enzyme which activated a pro-snzyme
present in the bacterium. Bordet and (luca {1920) thought
that the phenomenon could be explained by an autoelytic pro=-
duct of the beoterium which under sertein conditions could
become pathogenic for other cells in & gulbure. Kuhn (1924}
woas under the impression thet the lytic principle was &

i) % - % ks b ) 2 - L o 53 ?
tege in the 1ife cyels of the bacteris. In 198% Begued

0

Introduced the notion that bacterliophagy is due to an ime
balance in the osmotlic pressure bebtween the bacteris asnd the
sollolds in the eulture filtretes. The Vollmens (1986) were
the first to suggest that the bactericphage particlss arve
hersditery units. Thelr ldeas center arcund the posbulate

that the bacteriophages arise in some manney Irom the bage

st

teriel eell. Having o asrisen; they acqulre s gertalin dsgree

of aubonomy and can produce modifications in & normal bao-

terial cell, The bacteriophages carry the debterminants
of the medllicatlions which they produce in the bacteris.
Guite a different theory from those previocusly mentionsd
is that developed by Hadley in 1988, His hypothesis rep-
regents the bacteriophage as gomething ekin to a8 gametbe
wnich is necessary for the reproduetive progesses of
bacteria.

The foregoing listing by no wmeans exhsusts the

various notions which different workers held in the early deys

Edy

oi baectericphage ressarch. HNo useful purpose would he served



in viewing in detail the early ideas which were developed
before the advent of more relined guantitative experimental
technicussa,

Burnet, in o review publlshed in 1980, 4id mueh o

glarify the eonflicting ideas as to the nature ol bacteric-

phage. He states, "There ig no sericus couflict in the
gvidence as to the mode of actlon of stroung phages wilch
give rige to classical becteriophage lysis. The differsnces
of opinion erlse fundementally from the conflieting naturs

of the evidence ssg to whether or not bacteriophage can be
derived from normel basteris in the absence of pre-existing
phage," Puranet ls willing %o leeve aslide for the tise being

guestions ag to the origin of becbteriephsge in ocrder to be

25

svle bo concentrate more fully on the phenomenocn of

Lo
alreedy exlsting pheges On this sccount alse he Linds it
more expedient bo concentrats on those cases where phage
mast be added to & baeterial culbture to make more phage and
te lyse the bacbteris. Thus, the problem of lysogenesils, that
is, those ceases in which no phage need be added to the

bacterisl culbure in ovrder to obialn phage production is

a8 e £ £ gy oo B D N T W I TS Y
asilde, The fecta, sccumulatsed at thaet dats, cone

&

sidered by Durnst to be of most importance are thai the

nhage is of a pariticulate natures snd that the baeteriophage

particles appearing after lysis of a bacterial culture are
derived frowm the particles used o initlste




particulate nature of the phages wi tefinitely established

Ehroush & work of Hiford and lEration

and by Schleslinger through the
vgabtlon end light seatbering.

neous in

gireln. This wes 2 notable advancs sinee previocnsly meny

ntion that

e B T R ¥ P W ‘ & T B o ey R
gll ol the phapes belong to 2 single species., The finel

a

bacteriop

5 e 2 F= o, o o e B
prool of ths sizes ol the

epment of the electron microscopss. The observabions with

2

& growing bactserial

&3
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b
e
&
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soncentration 4ild net ineresse gradually

sulture, the phs

&
but apart, burnet (1934}

observation and offered an explenstion for

Erueger and Hovthrop (1931) who were led

Lorivm bebtwesn Intra-sellunlsry snd

Krueger

snd Horthrop were not actually studying the elfiect of &

plece in 2 mixed population of
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dynenmics of such a situation sre indeed of Interest bul
are not to the immedisbe polint In the study of the bacw
teriophage infection on & cellulay level.

Bail in 1985 was the first to start dilferentlating

phages according to plsgue size and host range but the

notion of the exisbence of only one specles of bacteriophage

prevaliled until the sarly thirtics., However, work by Horiscn
{1952), Burnet snd MoKie (1035),; Asheshev et al. {18338), and
Burnet (1930}, demonstreted clesrly that the phages could

e ¢lassified scoording bto host range,; perbticle sige; plague
size, servological specificity, and the resistant baoseria

which are found after lysis of a cultures This work tended

to shress beth the diversity which is found in the phage
paag

’5 b5 4

world snd alse the reletlonships which exlet between different
groups of phages.

Poth Schlesinger (1934) and NHorthrop (1936) were
sble to demonsirabte thet the phage particles are primerily
nuclecsprotelin in nature.

In 1937 Burnet et al« reviewed thelr work on the

serological specificity of phege. The work deals mainly

with distinguishing between the specliilic sites on the sgure
froe of the phage which ast as antigens and those sites ab
which the phage becomes esbttached to the bvacterium. Slnce

this work deals meinly with the first phase of Infection

1t shall not be reviewed heres
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& notable advance in bactericphage study was made

=

in 1839 by #llis and Dell m&a@ who developed the ons-step

growth experiment which not only eenfirmed the previous
findings of d'Herelle and Burnet that phage particles ave
produced by a basterlsl eulbure in bursts, bub slearly

5

snd delined the labtent period of phage mulbiplication
L o

o

isolated
in & gingle bacterium. This devel ﬁw&wﬁa opened Ior study
the course of events during the now well-dsfined latent
period. Until this time, work hed been done with a lavge
number of bacterlophages which were setive sgainst seversl
genera of baeteria. Bince 1945, however, the main stream
of lnvestigablon has cenbered arvound ﬁﬁ?@ﬁ spesilic phages,
T 1-7 as defined by Demeres snd Fano {iﬁégég which atback

strain B of Hscherichia coll. The perlod of classification

of the varlious @h&gg& had mors oy less come to & halt and
abttention was primerily directed to the study of the intra-
gellular growth of bacteriophsge in the E. coli-T gystem
In 1942 Delbruck and Lurie inltiated the study of
mixed infection of bacteria %i%h.%W$ different phages.
tne of the first findings from this type of experiment was
the discovery that only one of the two phages will multinsly
in such & mizedly infecbed bacterium.
In & series of two papevs Lurls end Delbrueck {1943)
and ILurie {1@%@} demonstrated the occurrence of spontaneocus

mutations awmong both bacteris and bLasctericophage. In the

bacterlsa the mutatlons were of a type whiech ilmparted ree
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gslstance to the abback of some of the phazes. The phage

W

@

muabants had the ablliby to atback the resistant baoteria.

Thege mutations both in the booberis sn

mreviously bean observed but had been asgsunmed to be elther
induged changes ov adapbebtions, These experiments provided

glesry evidence that the phage was of sueh a nabturs asz Lo be
able to underge spontaneous hereditable chenge thus pointing
out its sinllaprity to genic materisl,. Hutations of phage
affecting placue charscteristics were analysged shoritly
therealter by Hershey (1946a} who put forward a convineing
argument that the verlants obvserved were in {sct wmutations
and thet s becteriophage bad several loel st which 1t sould
mabate, The discovery of a variety of

sosmiseble chavacteristices for bacberionhap

the type of experiment which led to the 11
and Balley (1946) that the wutent phages
of exthanging genetle meterial during the

infeetions This finding wes subsequently expanded by the
intensive work of Hershey {(1946) and of Hershey and Hotuman
{1948, 1949} who found thet there were whet could be selled
by analogy with classical genstles three linkage groups in
the bagteriophage studled, AL the sawe time & possibly
related phencmencn was beling studled by Iuris, who discoversd
in 1947 thet ultres-viclet inactivated @ﬁéﬁ% were capsble of

infection and growith when two op more such inschiveted



particles took part in the infection. This study was
expanded by Iuris and Dulbecce (1949), whe on the basis

of guantitative experiments susgested that the phenomenon

might be the result of recombination of the undamaged paris

of the irradisted bacteriophage, They postulated that
upon entering the eell the phage particle broke down into
somponent self-reproducing entities. Damage to any one of
these entities eould inactivate the bacteriophage in the
extracellular statey, Howevery 1f two phages, insctivated
due to demage in different entlties; took part in the ine
feetion of a single bacterisl oell, then each phage eould
supply undamaged entities to take the place of the damaged
ones of the other phege. Under such & scheme; the ﬂz ga
upon entering the ecell would bresk up into its component
seli-reproducing eantitles which would lndividually under-
go reproduction, 4% the end of the reprodusctive period,
the individual entities would agalin be veassembled inteo

complete phage partiecless 4s & result of yuanbitative
experiments Lurie (1947} estimated that the number of selfw
reproducing entities which make up the extrs-cellulsr phage
parsvicle would have Lo be of the order of 25-50, depending
upon the phages

Additional evidence ithat a drasstle chenge Lakes place

in the bacteriophsge after 1%t has entered ithe bLaecberisl cell
is supplied by the irradlation sxperiments of Lurie and
Latarjet {1947) and Letarjet (1948) who showed that the

sensitivity of the phage to both =-ray and divs-vieolet light



Gamage decreases markedly aftsr the phage enbers & bacteriam.

By the use of acriflevine, & poison which inhibits phage

growth Lut which permits an infested bacterial cell o lyse
at the end of the normal latent period, Poster (1948) de=
ﬁ%@@%"ﬁ that complete inhibitlon of phage relesse can be
ghtalned only if the asgriflevine is sdded during the fivet
half of the latent period; thus lndleating that the eritiecal
pariocd of phege synthesis ccours during this time. By a
more direct stteck Doermann was able to show that during
“the first half of the latent period no phage particles are
recoverable from infected bacteris when they ave disrupted,
not even the originsl infecting partiecle, Dur &m& the second

half of the latent periocd, bhowever, new infecblous units

w

%gg@ﬁf»wiﬁ win the bacterium in incrvessing numbers until the
time of lysise

Several workers have besn soncerned with the bioe
chemical chenges taking place ln & becberiuwm during ine
fections In a series of papers Cohen and coworkers have
deseribed soms of these changess In 1945 Uohen end Anderson
noted that upen infectlon bacterisl multiplidation is halted
and that both the respiratory rate and the resplratory
guotient remain at a level equal to that just pricr o ins
fections Honod and Wollmen (1947} were able te demonsirate
that infscted bacteris are no longer sepable of producing

adeptive ensymes, PFurther work by Cohen {1947, 1948a,b)

demonstrated that protein synthesis continues in the baceteria
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L ains of Basterionhare and Pacteria, Throughout

-

the course of the experiments te be described atbtention hss

been confined to one bacberivm and one virus. These ave,

respoctively, Hscherichis coll strain B which has been de~

soribed many times in the literature, end bacteriophage T8
firat degignated as such by Demerec and Peno (1948). Both
the basterdal and the phage stogks were originally obiained

; % .
from Profesger Nax Delbruek of this institute.

{%w 3@ ..L # %éﬁ; i 5 'ﬁ’:@ ;ggg 3 Esﬁéf}gs!& i‘%:’iﬁf‘%
parts of sterilized salt solution are mizxed with one part
of o sterile 4% glucose solution.

3. Qulture HMethods. The bacterisl sirein was

maintained on en ager slant in 2 refrigerator. 4 fresh ager
glant was prepared monthly. Before sach experiment, a 24

hour broth culbture wep prepared to be used as Inooculunms

voth, & gm. NaGl, snd 1 gram

were prepared in ¥-% medium,

phogphate and having glucose
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Figure 1

Experimental Set-Up For Growing Bacteria
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G5
gpeed of approzimately 50,000 weoeme with & flow rate of

thres liters peor houre The bowl was lined with gellophans
pricr o the run to faciliitete the later removel of the

Thares Q00 ml, sliquots of bulfer were

&

pasped through the Zharples efter the lysste to remove the
normal lysate holdup 1iquid. The cellopha sack conbaining
the sedinmented phage was then rewoved from the bowl to the
bulfer boldup liouids 7The vhage parbtieles were sasily roesuss

sended in the bulfere The preparabions were further purified

*215

iifferential centrilugeationg 8 or J gyeles of slow and high

spesd centrifugation belng employed. #lovw speed gentrifugation

resuspended phage was carvied out atb 5,000 n ge for 18

Ty

&)

minutes to vemove Pesgidual bacbterisl conbaminean
gentrifugation was scarvied oul abt 20,000 z g. for one hour
and gerved to sediment the phege. All operations were cavried
out in the cold (2 u}* The sentrifvgetion was periovmed in

a Servell angle head centrifuge WVodel 88«1, using 50 eg.

nlagtic centrifuge tubes, Difficulty wes oncountersd in

resuspending the lavge quantibty of sedimented phage particles.

This difficulty wee partly overgome with the sld of e Pobters

5,

Blvehjem homogeniger. &4 plastic rotor, atbached to a motopy

which fitted loosely inbte the plastic centrifuge tubes was

uzed to sbtir the gedimented phage vﬁs agly into & small

smount of added bulfer.
Phage petivity was determined by the plajue counbing

mathod first described by Gratis (1831}



Exs

6o Hethed for Infecting Lerge fusntities of Bacteria,
Barly in the expervimental work 1% was discovered that it

was not sufficlient bto add the reguired ameount of phage %o

a juz of growing bagterles to obtain the desired degree of
infestion: If small smounts of phege suspension {I00-E8B0 co.)
are added to large asmounts of bacterisl suspension {15-18
liters}, not all of the bacteris will become infected oven
though the numeriesl ratio of phage to bacteris mey be 10 to
1 and the bacterisl suspension is eglitated vigovrously ﬁﬁwiﬁﬁv
the addition of the phage. 4 standard procedure was theres

fore developed of diluting the necessary number of phage

%f‘?ﬂ
&

particies into Live liters of broth, snd using this diluted
phage suspension o infeet 15 liters of bacterial suspension.

#ith this wethod more than 999 of the basteris were infeched,
P determine the number of bacheris whlch haed become ine

fected, aliguots were withdrawn from the carboy Just prioy

e

to infection and ten minutes sfter infections These allquots
were immedistely diluted and plated.s Since only sn uninfected
baobterivm will give rise to & solony upon plating, the pro-

don of bacteris left uninfeeted can be debernined by cow-

"
£

T

o

%

paring the pumber of colonles obbained from ¢

rﬁms

foot
g»m?#
=
5
o
i

just prior o infecilon with the number obtalinesd fwom al
taken ben minutss after phage hed been added.

Phage Development. Yo arrest

Te Hethod of Arresbing

phage development, sodlum eysnlde to & final concentration

of 0.0L ¥ was added to carboys of growlng or lnfected bacterisa,
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For our purposes this method of poisoning is useful only

if applied to uninfected bacteria or during the “eclipse'
phase of the infection. Doermann (1948) has demonstrated
that metabolic poisons added to infected bacteria during the
last phase of infection, when newly synthesized intracellular
phage particles are present, cause lysis of the bacteria.
This induced premature lysis, although useful for obtaining
certain types of information, makes it impossible to con-
centrate and wash the bacteria under controlled conditions
before disruption.

8., Collection and Washing of Bacteria. Bacteria

were collected from the medium in a Sharples supercentrifuge
running at a speed of about 30,000 r.p.m. with a flow rate

of 3/4 of a liter per minute. The bacterial mass was re-
moved from the centrifuge bowl and the carboy lot of bacteria
was resuspended in about 90 cc. of buifer. The bacteria were
again sedimented at 10,000 x g. for 30 minutes in a Servall

angle head centrifuge, resuspended in buffer and ressedimented.

B. Ansalyses

1. Hlectrophoretic and Ultracentrifugal Analysis.,

Most of the elecﬁréphoretic determinations were carried out
in a modified Tiselius electrophoresis apparatus designed by
S. Swingle (1947). This instrument utilizes the Longsworth
optical scanning method. In comparing infected and normal

bacterial preparations, analysis was performed in paired



.
5

elagtrophoresis cells 2t ldentiesl total protein concen-
trations, usually 1 %y Host of the scenning patterns were
talkten after the boundaries had wmigrated fovx two hiours.

In some of the later experiments laovolving nuclelec aclid

snalysis the elactrophoresis was performed in a Perkin-Zlmer

f‘%‘

‘iselive slectrophoresis apperatus Hodel o8,

The ultracentrifugal studies were carried out in an
apparatus desizned and bullt in the Chenmistry Department of
this ixstiﬁaﬁaq It iz 8 synchronous motor, &i@@é%»ﬁ%i?&
instrument. The opticsl systen iz of the Philpot-Svensszon

type employing parabolic mirrors lnstead of lenses.

2. Elementery Anmiyses, Hitrogen determinations

were performed by the Hessler colovimetric method, Half
s¢. sliguots were digested with 0,5 cc. concenbtrated H, 80,
for 45 minutes in & Folin-Wn digestion tube over a Fisher
burner, One drop éf 50% Kﬁﬁc was added to cleny the dipgestion
mixture. The tubeg were then hested for an additionsl ten
minutes, Color was developed with Hessler's solutlon. &

Klett ﬁﬁl&%“ eter with & bluse Filter wae used to messurs the

opticel densitissg of the solubtionsg.

Phosphorus snalyses were psrformed by the Allen
eolorinetric method (Allen 19407,

ﬁ%%%””ﬁ%ﬁéﬁﬁﬁl :ie agid analysies woe porformed LY

the eysteine hydrochloride colorimetric method of Dische

i

(1944

®

&

Yarly in the ezperimentel work 1t was debermined

that the dry welghit, the

‘ht of a trichloroscetic selid
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A fesolution of trogen Fractio

The problem of how %o

&

troubled migrobivlogists (ses,

sbance,; Chargeff, 1047},

1
Methods which bave beon sugcessfully used ave grinding in

g mortar and pestle with the 8id of abrasives, the use of a

Yorkmen »lll vhieh involves foveing a mizbture of bagw

.

ghrasive thro two conlerl ground

&

nee of o medified Pobisrsll

- by
relijen homogenizer.

methods wers recently compared and g
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Figure 2

Fractionation Scheme of the Bacterial Grindate

GRINDATE

15 minutes, 10,000 x g.

INTACT BACTERIA TURBID SUPERNATANT

2 hours, 20,000 x g.

I

SOLUBLE NITROGEN PARTICLES

overnight dialysis against buffer

SOLUBLE PROTEIN
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but several guesses ag te the csuses are venbured, The

efficiency of disrupiion of eells in the e¢olloid »ill has

not been well studied, and 1t iz probably trus that dif-

by
el

ferent prepo ?ﬁl@ﬂ% of baeberia were disrupted in 4iff:
runs,; bthus a&mt&i&m%iﬁv to flustuations in the nitrogen
fracbionation. JAncther probable ceuse for the veriable

bhat the gonditions of centrifugetion were

£h
£
e
&
a,
Tt
)
o
e
e
]
£
|
&
o

&

not sufficlently studlied. One cobject of this phsse of the
study was an atbempt o isolsate the intragellular pariticuw
late matber, This moterial nmay sediment very differsntly
in suspensions of different densitles and wiscositles., The
grindates obtalned from the mill were slways dense and

visgous. The degrees of sueh deneliy snd viscosity devended

on the original proportlon of bacteris to liguid is diffi-

¢ult to centrol from run Lo ?ﬂﬁﬁ agalin contribubing veriae
Bility to the detas on nibrogen partiiion. |

Hasults obialned in fouy separate runs ag well as
an aversge of 21 experiments sre pressanbed in Teble I ss an

indication of the type of results oblteined and of thelr
i

reproducibilitys Approximetely ; of the nitrogen in the
grindate 1z recovered as soluble protein. Since the degrse

of breakage of eells 1s unknown and the proporition of nlitrow-
gen found in eell wall materisl and in the intraselliulsy

&3

particles has not hesn well studied, the signiflicance of

this figure 18 questlonsble except to Indicate that an
gppreciable smount of the protein of the bacterie lg exitrscted

as cell-fres material by the snalytiecsl methods employed,
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&

Zince the study was undertaken merely te indisate

nt in the intact bacterls wsre

not destroyed when the bacterle were disrupted snd the vroe

svpoterization of the bhaobeplal

engymatic sqgulpment was not undertalien,

evident thet many enzymes survive the collolid mill trestment

%

and henee 1% ean be concluded that the probtein scolutlons

used in this study were not seriously denstured during prep-

541

aration.

Be legtrophoretlie Study of the Zoluble Proteins of Infsocbad

and of Fon~Inlected Bachberia,

ot

In the first part of this study thres bacterial sihates

WETFS eXamin

5

Ls JHoo-infected bacteris in the logsrithmic phase of

2« Infeeted bacterla polsoned to stop further phage
development Just prior te the end of the eclipsss

b« Bacteris in the third phase of infection, con-
talning newly synthesized bacteriophage particles,

&

1} The resclution of the soluble protein componsnts of none

Flgure & represents £ z enlarged tracings of the longe-

worth scanning patierns of the soluble protelins of brothe

grovn baeteris, prepared by the grinding and differential

The patiternsg are

&
a
i
o
¥
| ad
b
ﬁN H
k-
foit
ii%?
q‘t
ﬁ’}‘
A,
iz
3
]
&
w4
e
&
,;,:
W
t‘:@i
£
&
i
2
el
et
jacs
1]
i“’?s
#

reprofuclblie from run te runs The individual pesks obssrved

do not necessarily represent single proteln spesies, but
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Figure 3

— A

The electrophoretic scanning pattern of the soluble proteins
of uninfected bacteria. The lower two figures are 2x enlargements of the
patterns obtained in the descending and ascending limbs of the electrophoresis

cell. The upper two figures show the outline of these patterns and the arbitrary
areas into which the patterns have been divided.

'he vertical arrows indicate the starting positions. A indicates the ascending pattern.

he horizontal arrows indicate the direction of migration. D indicates the descending pattern.

Migration time, 2 hours. Buffer, 0.1 ionic cacodylate. pH 6.83.

E’ 3.47 volts /cm. Protein concentration 1% .
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are reprssenbed by lebbters al, b, o, 4%, and o', The

relative concentrations of the materisl represented by the

different sreas can be debermined by relative spatlal sreas
encompassed in the five defined areas {(Bull 1943). These

gre listed in Table £, Throughout the course of the experi-
wments deseribed in this thesls the soluble probein extracts

of non-infected baoterla were prepared as controls and éx-

states, These seanning
patterns of the extracsts of noneinfected bacteris are pre-
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Figure 4

No. 42 "“"Eclipse' Bacteria

No. 41 Uninfected Bacteria

A comparison of the electrophoretic scanning patterns of the soluble

proteins of "eclipse'" and uninfected bacteria.

Note decrease in amount of the fast moving component in the patterns

of ""eclipse'' bacteria.
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Figure 5

No. 46 "Eclipse' Bacteria

No. 45 Uninfected Bacteria

Same as Figure 4. A repeat experiment.
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Figure 6

No. 48 Bacteria Infected For 100 Minutes J'

No. 47 Uninfected Bacteria

— A

A comparison of the electrophoretic scanning patterns of the soluble

proteins of bacteria infected for 100 minutes and of uninfected bacteria. See text

for further description. The shaded portions of the patterns indicate opalescence.

Note two new fast moving components in the ascending limb of the

infected patterns and the general reduction in the quantity of the other components.
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Figure 7

No. 48a Bacteria Infected For 100 Minutes

A

No. 47a Uninfected Bacteria

Same as figure 6 except that the preparations have been diluted and

recentrifuged as described in the text. Note the absence of the slower moving new

peak and the opalescence prominent in figure 6.
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Figure 8

No. 50 Bacteria Infected For 25-47 Minutes

No. 49 Uninfected Bacteria

A comparison of the electrophoretic scanning patterns of the

soluble proteins of bacteria infected for 25-47 minutes and uninfected bacteria.

See text for further description.
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closely assoeisted with intrzcellular phage particles is

gontaining one hundred times &s meny phage partleles as
il (- g &

N

bacteris was added lmmsdiately 1

2

sfore subjecting the mixture

R

%

to colleold wmill setion, Buch a ratio of phage to bacteria

s

simuletes the ouwber of intracellular ph particles present

in beeberia during the third phese of infectlon. The grindate,
obtained after the colloid mill action, was subjlected to the
gsame centrifugzel proecedures anplied Yo previous preparetions
vielding & ¢lear supernabent solution., This solublon, ssmple
54, upon elechrophoresis gave the secamming pattern sbown in

the pattern of sample 54 with

¢~<-\1

and 48a,; shown in Flgures U snd ¥

respectively, shows thait ths new last moving pesk

when o wmixture of phage particles and becteria sre subjected
to eelleld mill sctlon repavdless of whether the phage
particles are inkracslluler or extracsllulsr. Alse pleture

in Pigure 9 ng pebtbern of semple 53, representing

the soluble vined from & peste of bacterla to
which no phaze particles had been added prior to eollold mill
action. This pattern is sinmilar to othsr scamning pablerns
of uninfeceted bacterias The eonclugion drswn from this ex-

periment ls that the new peek i1g derived from lntracellular

phage particles whieh have bean subjected to colleld miil



Figure 9
A comparison of the electrophoretic scanning patterns of the
soluble proteins of uninfected bacteria and uninfected bacteria to which phage

were added immediately before colloid mill action. See text for further description.

No. 54 Uninfected Bacteria To Which Phage Were Added Immediately

Before Colloid Mill Action

No. 53 Uninfected Bacteria
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The ﬁ@%t experiment was underbe Lo prove eone

-

clusively thabt celleoid mill sction was necegsary for the

liveration of the meterial repres

peak. In the previous experiment, inbact
were added te intset bacteris just prior to ecolleid wmill
action, The posslbilibty wes pregent that the ecolleld mill

disrupted only the Lacteris and that some produet of bac~

terisl disruption was capseble of disorgeanizing the bacterioe
phage in susch a2 menner thal material represented by the
fast-moving peak was released inte the solubtlon. To btest
thig possibllity, intact vhage particles were sdded Lo an

s

Jected to colleoid mill action. This mixture was allowed to
warm up to room temperabure snd bto remain thus for thirty

minutes., The mixture waz then cooled down to Eﬁg the working
bemperature for all of the experimental procedure in this
thesle, and was subjected te the same centrifugal procedure
used in previous experiments, 20,000 x g for two hours, which
is sufficlent to clarify the sclution and also to sediment

the Iintact phage perticles. The resultant sclution, somp

3

BG, upon electrophoresis gave the scanning patbern shown in

b

Pigure 10. This sconning pattern is similsr to those ob-

=»a‘"

F

teined from the soluble probeins of

does not contaln as much of the fast moving component as the
seanning patterns of the ezperiments in whieh the phsge and

¥

bacteria had been subjectsd to ecolloid mill setion, thus

demonstrating thet colloid mill setion 1z necessary for



release of the fe

w
1!
o
<
fdn
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&
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<
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PR o B e g O I st % o
nponent from the bacteriophage,

L

o

The yusstlon next arose as to whether phege particles
alone In the absence of bacteria could be made to yield this
new peak by colleld mill sebicn. To settle this @&imt§'ﬁ
purified phage concentrate was preperved, subjected to colloid
wmill setion, and cenbrifuged at the usual gravitatlonel
field of 80,000 % g for £ hours, which is sulf'iclent to remove
the intact gh&g@ particles from the suspensicn. The clear

supernstant was analyzed by elecbrophoresis and the resulis
£ A

obtained are shown Iin Flgure 1l. The scanning pattern dew

monatrates the presenge of the materisl represented in e

% 4 & . ¥ i it o, st
phoresis by & fesbemovin

seen in the gceanning patbern of

particles. That this component

doss not represent intact phege perticles is zulte certain

since the preperation had previously been centrifuged at a

foree sufficlent to sediment phage, and the mobllity of this
e

T

s

fode

S

3
@
e
ef
o
2}
&
o

8 different from intact phage particles as
Ty 3

in Plgure 11l. This ligure showg, in additlion to the two

peaks actually observed in the scanning

ey
i
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Bt
]
fi
M‘,
0
B
b}
4
of
oy
b
&
=
&
s
&
Josit

position intact phege particles would ocoupy u

The foregoing experiment suggests sbtrongly thet the colloid



Figure 10

No. 56 Electrophoretic scanning pattern of the soluble proteins

of a bacterial grindate to which phage had been added and then removed after

30 minutes at room temperature.
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Figure 11

No. 55 Electrophoretic scanning pattern of the soluble high molecular

weight components obtained from disrupted phage. The peak with lighter shading

indicates the position intact phage would occupy under these electrophoretic conditions.

Protein concentration 0.14%



91

£ gy 2 &% o g, Fi sy S Tren B gm menen T R e o d
pensions of & similer phage, T6; noted that a small fasgte

P - ity 2 i ) o B s S0 4 g gt e g
woving pesk was always present in electrophoretlic sganning

e i
patberns of purified phage pariticles in sddition to the meln

phage boundarys To eliminaste the possibility that the appearw
ance of the new peak wes an euuilibrlum phenomenon, a purie
Lied phage concentrate was exemined by electrophoresis belore
and after colleid mill action without introducing the cowms
plication of ﬁ%ﬁ@?ifﬂﬁﬁ%i@ﬂ deaigned %o remove the inbact
phage particless The scanning patterns of this experiment
ave shown in Figure 13, Since high titer, opulescent phage
suspenslons were used in this experiment the usually high

lution obiained in the electropheresis apparatus

thisg experiment is evident in the g aamﬁirg‘”astiﬁma 8H0W.

Ag & control,; examination of the asgending patbern of unground
phage reveals the presence of three areas of differvent ine
tensities of shading. The first and ﬁ%@ﬂ%*ﬁ Brea represents
the distance through whieh the front-moving boundary o
tact phage has moved during the peried of the spplication of
1d to the solution. The sccond area of
sombined with the first derker avea vepre-

through which the {ront movin

some unknown materisl, whiech perhaps is the same asz that noted

by Putnem, Kegloff and Hell (1949), has moved. However,

wy

when the phage suspension is first subjeeted to colleid mill

o &

thie ascending scanuing pettern of

hows the sbsence of the first area of darker sheding.
'

]
H
j<
Pt
3
o
@



7
o

e g & 3 e Ty
shading, the

%i 1 i%iwag‘; o é}iwﬁ

shows that the phege peal is redused bto

l

its orizginal size as the resuli of

was reduced corvespondingly from 9 x 10

ner at. to 5.8 ﬁ,iﬁi@vimf@a@ivﬁ particliss

that the new fast moving splke noticed on

sgarming patterns is indeed & componsnt of
partieles which has been relessed as & vesult of phege par-
tisle disrupbtion by colleid mill actlion.

The remainder of the experimental work of thls thesgis

is devdbed to the ilsolation end chorscberizstion of ome of

phage by sollodd mill section. It
ig perhaps sypropriste at this point to review the work of

2

her suthors who in one way or snobher have disrupted bace

R

toriophage orgenigation. Anderson (1949) and Anderson et al,

{1946} have denonstrabted thet certailn strains of phages ave

inactivated when @Q?J aye rapldly diluted into distilled

water from o concenbrated salt solutlon or when they are
subiected to intense sonle vibratlions. The suspensions,
whan viewed in the elsobron mleroscops, reveasl the presencs

gonsist of & thin neme

hrane wiith the %211 2811l atiachsed but the usual internsl

{1950} has rscently obsmerved theb when ceriain phage suge



Figure 13
A comparison of the electrophoretic scanning patterns of untreated
phage and phage after being colloid milled.

57. Untreated Phage Suspension.

58. Phage Suspension After Colloid Mill Treatment.

The shading indicates degrees of opalescence.
Protein concentration 0.41%.

—— A

The untreated phage suspension contained 9.0 x 1012 infective particles per cc.
The colloid milled phage suspension contained 3.2 x 1012 infective particles per cc.
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Table IIX

o

snalyeis of o Solutlon of Phage DHA

R I i
dmount ol jo of

Determination Hateriel in Solution bry Welght

Dry welght %46 mg/mi

Uische eysiteine o
hydrochloride 5.6 mg DHA/mL 100

fod
L&

Hitrogen 500 mg N/mi

ﬁ,&
%
{7
B
5
¥
o
2
o
oy
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B
&
il
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o]

: pml

WP Batio = 1.9
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Figure 14

- A
Electrophoretic and ultracentrifugal scanning patterns of phage

DNA showing the presence of a single component by both methods of analysis.

Migration time, 200 minutes. The diffuse material moving slower

than the spike is believed to be due to convective disturbance.

A, 900 r.p.s., O minutes after speed was reached.

DNA i
B. 900 r.p.s., 20 minutes after speed was reached. concentration 0.36%.

C. 900 r.p.s., 40 minutes after speed was reached.
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Te conclude that 8 single gubsitance is pressnt in
the purifisd solubtion and that thils substence is DHA. It
should be pointed out here that en ¢asy wmethod hag been
developed for the isclation and puriflisation of & presumably
native desoxyribonucleic acld. This method allows for the
isolation of apprecisble guantitles of this metberiasl withoub
the necessity of dehydration in the course of its preparation.
| other workers (Kebhler, 18483 Tennent and Vilbrandt,
1945: Oeecil and Ogston, 1948} working with thywmonuclele acid
noted that the sedimentation constant of this meterial upon
enalysis in the ultracentrifuge ls extremely dependent upon
the congentration of the meterial. A4 study was underiaken
to see whether phage DNA slso exhibited this beshavior and
to determine to what extent its sedlimentation %ha?ﬁ@%@fig@i&@
compare with that of thywonuclelic eclid as determined by the
above mentloned workers. The sedimentation constants obw
tained at & variety of concentrations of phage DHA are ligted
in Teble IV, The date show that the sedimentation constant
of phage DEA is concenitration dependent, In Flgure 16 1s
plotted the reciprocael of the sedimentation constents ob-
tained during the course of the experimental work as a Iunction
of goncentration. On the sawe Llgure are plotbted the G&??@%
ebtained by other workers Ifor thymonuecleic acid, It will be
nobted that whereas the varicus preparatlons give sinilar zero
extrepolated sedimentabtlon constants, the slopes of the lines

from which these constants were extrapolated are markedly



9%

Table IV

Sedimentabion Constants of Phage DHA

at Veriocus Jonecentrations

Joncentration Eiﬁee
of DNA <15 /8
@ 10 77 Svedberg
Units
+ 56 4 .49 - «B22
s L2 Gs6lL + LBL
el 8,75 + 115
@ %55: 2 & ;ﬁ?z @ 1@%
084 L1829 80
02 11,11 «OB0
SO0 # 1300 077

3§@ designates the sedimentation constant at 20°C. in
0«2 lonie cacodylic acld bulfsr, pH 6.3,

# Exirepoleted from the curve shown in Pigure 16,
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X

.20

.16

12

97a

Figure 16

The Concentration Dependence of the

Sedimentation Constant of DNA

phage nucleic acid

thymonucleic acid (Kahler, 1948)

thymonucleic acid (Cecil and Ogston, 1948)

% concentration of DNA
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The evidence of Kozloflf, Pubnem, and Ivans {1350}
that phage DNA is derived in some manner from basterial
DHA has slready been presented and dis cusged in the literature
ew sectlon of this thesis. Bince theevidence indicates

vie
that gome sort of transfer tekes place, it was thought of

“3}

interest Yo compere DNA isolated from bacteris with that
isoleted from phage. #&n atbenmpl was made Lo isclate bage
terial DA by the method used bto obtaln phage DNA, 4 grindate
of wninfected bacteria, prepared in the ususl wenner, was
gcentrifuged at 108,000 x g for {ive hours st which time no
further sediment appesared on continued centrifugation, Yhen
the eclear supernateant was examined both electrophoretically
snd ultracentrifugally, a considerable ammmﬁﬁ of residual
protein was still present,

The method found to be suscessful for the isolation
of bacterisl DNA was that of ZSevag, Leackman, and Zmollens
{16358}s ‘The bacterial grindate, after having been cenbris
fuged at 108,000 x g for five hours,; was shaken vigorously
with sn escual volume of 2 solutlon congisbing of &5 parts of
chiloroform and 10 parts of amyl aleohol, Under these con=

ditions, the protein in the experimental solution forms a

£

chloroform-protein gel complex while the DFNA remaing in

gsolubion in the ssueocus phase of the mixture. Upon sentrie
fugetion of the mixture, three layers sre lormed in the
gentrifuge tube, The botbtom layer consisbtes of the chlore=
formeamyl alechol mixture, the middle layer comprises the

ehlorofoym=protein gel complex, while the acgueous phase
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sontaining the DHA forms the uppermost layer. The agueous
phase is decanted or pipetted off and is ageln mized with
chloveoform=amyl alcohol solution and the sheking and cene
trifuging proosss lsg repeabed untill no nore chlovoforn
protein gel complex le formed. This process wasg repeabed
sizteen times, at the end of wiieh there was stlll a minute
smount of complex being formed, The agueous phase was then
subjected to negative pressure Lo remove ths last traces of
ehloroform end emyl aloohols After thig,; the scolutlion was

dialyzed ageinet bulfler and was snelysed by vlectropheoresis

and in the ultracentrifure. The resgulits are shown in Flgures

Mgy

1% esnd 18 where 1t can be seen that most of the proteln bad
heen vemoved from zolubion. The scaenning patierns of both

soretic and uliracentrifuvge anslyses veveal thse

At &

sresence of twe components. The Taster moving component in
the electrophoretic patibern is probably the becbterial DHA
since 1t has the same mobillity end splile-like @h&r&at&@ a8
phage DHA. The faster gedimenting materisl in the ultra=
centrifuge patbern is very likely the baeterial DHA because
of the sharopness of this peal. The slower sedinmenting mes
toriael is thue bsken to be the lowsr mobilliy cowponsni
notleed in the electrophoretic scannlng patiern.

A positive Disgehs teat was observed for the baow

terial preparsitlon indicabing that the sclution did in feet

3
o
o
&
e
L
i
&
@
o
&
o
¥

sontaln DHA: The guantitative resulis of
compare well vith the smount of DNA estlmated to be presend
in the sclution by & messurenent of the aves of the Last

moving pesk in the slectrophoretlie pattern of the bacberial
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Figure 17

The electrophoretic scanning pattern of the bacterial DNA solution

prepared as described in the text,

The fastest moving peak represents bacterial DNA. Several impurities are present.

Analysis performed in the Perkin-Elmer electrophoresis apparatus.
Buffer, 0.2 ionic cacodylic buffer. pH 6.73 Time of migration, 67 minutes.

Concentration, 0.17% DNA. E, 8.17 volts/cm.
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Figure 18
Ultracentrifugal scanning patterns of the bacterial DNA solution
prepared as described in the text. The spike represents bacterial DNA,

A slower sedimenting impurity is present.

A. 900 r.p.s., 2 minutes after speed was reached.
B. 900 r.p.s., 25 minutes after speed was reached.

C. 900 r.p.s., 37 minutes after speed was reached.
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DHA prepsration as geen in Teble ¥, It is considered that
bacterial DHA has been pardtlally isclated by the methods
desoribed snd thet this DHA is ldentiflsd in the scamning

patterns of slectrophboretic and ulitrescentrifugel analyses,

nesk obgerved

X

It will be recalled thaet & fasb-moving
in the elecirophoretic scanning pattern of thes soluble
proteine of uninfected bacterisa was ﬁiﬁﬁﬁi@hﬂé in the eglipae
stage of infection, The meterial lsclated as %ﬁ@%@ﬁiﬁi
DHA has the some mobility as the componsnt which ﬁiﬁwﬁﬁ%&?ﬁ
from the eslipse bacteris, It iz thevelfore considered as
highly probable thet DEA dissppears as a Ifveely moving entity

in the soluble proteins extreeted from becteris during the

Since the bacterial DHA and phege LHA ezhlbited
seversl comson proverties, l.e., sharpness of pesk in both

oy

@1@$%W$ﬁ%@%{1im and ultrecentrifuges similar moblilidty, and
& &

imilar sedinepbabtion constant, an atbenpt was mads to de=

m
o

& ; ; . o S <R y BTy B oy pns 8 G oy g
Yaprmine vwhethesr 4llTerences in the btwo matorisls counld be

&

detected by the most senslibive physliosl methods immedliately
availebles Two methods were &waﬁ both of whdeh Involve

atbtempits to resclve the two substances ln a mixture; one by

slectrophoresi the other by snalytlesl ultracentrifugetion.

The dependsnse of the electrophoretic mobllity on

pH has been debtermined for thymonuelele geid %y w@@ia,

g

Jordan, end Gulland (1940}, Filgure 19, taken P m bhelir

B
s wmd gen Ehadln paanlbs ek e mrwrgedn G amemen o foz
pEper, SENAYLASE CI8LY Vofulli. This graph demongiratas

thet the meblility of thymonucleic seld changes with the pH
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throughout most of the pH range. It was deemed necessary,

to resolve the phage DNA from

therelore, that

terial DUA by elscitropboresis should be performed at at least

%'l
s
el
gt

two different pHs, since 1t iz possible that at
the moblilities would be the same whiles the pHemobility cuvves

of the btwo nuclele aclds might be somewhat diffevent. The

¢

e |

experiments were performed st pH 6.9 and 4.2, e resulbs

& y

are pletured in Flgures 20 asnd 21, These experiments were

carried out in the Ferkin-ilmer eslestrophoresis appearatus,
Dus to the rapid wmigretion of the boundaries and the smaller
gize of the electrophoresis cells

were made up to 0.2 lonie strength v

fosel

Oe

fonic strength bullers previously employed, in an attempb
to eliminote convestive disturbances and %o allow the mie-

oL

gration to continue for & longer period of

wise pogeible, The results show that the DHEA from phage
and the DHA from uninfsoted bacteris migrate ss a single

pesk at both pHa,

?e’f}

srformed In the analyiical

g rmh, L iy p
Fhe mirture e

ultracentrifuge were carried out at o number of different
total conecentrations: In Flgure 18 the recloroesl of the

sedimentation constant is nlobthed as a function of the cone

aenbotion constants ab zero
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Figure 19
Dependence of the Electrophoretic Mobility

of Thymonucleic Acid on pH

(Redrawn from Creeth, Jordan, and Gulland: 1949)

20—

>
|

MOBILITY X 10°
5
!

12—




Figure 20

Electrophoretic scanning pattern of a mixture of bacterial and Phage DNAs,

pH 6.73.

The sharp peak represents the mixture of DNAs. The other peaks represent

the impurities in the bacterial DNA solution.

concentration, .085% bacterial DNA E, 8.17 volts/cm.
.09% phage DNA.

buffer, 0.2 ionic cacodylate

Migration time, 67 minutes .



103

i
&

i€

from o

Lo o

i
w

s

ix

rasenty

nly

i
o
i

B Poug

&
=S

&8

&@WM
i
45
%MM.
£
k2
Gy
o
E
o
e
"

Z
i
b

£ sxperinents with »

o)

er

gt

obal concentratlons in o

&

BROUTICE

£

sonal

CORCele

1 ab one

abarnts

s
44

¥

itey

o
&

a5
& %fi

s
]

§

Flgures

renbs

s
&

@ o
&

e 4ii

.
b
Bt

Faht

il gp
MAALL

x

7

4

%
i
&9

&

Biong

ar concenty

e

ot

%:’.ﬁl«”é% @,} }?_@ }:;; &

%

g

%
2
S

ts obbained in two m

eaul

Fat= I o

2% show ©

“

na

sonosentiyrs

&
4

i

total D

E

ik e

BTy
Xk

o diffe

tw

at

v avidence ol 8 resolublon

he

%

e of both b

gul

&

o

P
i
E

£
25

sir physicsl

sl
[

&
i

S8

]

2re congerne



RESY:Y

Figure 22

Ultracentrifugal scanning patterns of a mixture of bacterial and phage DNAs.

Concentration .03% bacterial DNA
.03% phage DNA

A B
C — D

L #
E F

900 r.p.s.

Times in minutes after speed was reached

A-4, B-13, C-22, D-32, E-41.5, F-49

Buffer, 0.2 ionic cacodylate pH, 6.73
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Figure 23

Ultracentrifugal scanning patterns of a mixture of bacterial and phage DNAs,

.09% bacterial DNA

Concentration
.09% phage DNA

i N

900 r.p.s.

Time in minutes after speed was reached.

A-4.5, B-14.5, C-27, D-35, E-43, F-52.5.

Buffer, 0.2 ionic cacodylate pH, 6.73



somparatively well studisd lost-vivrus system

fer
5
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ol

of the boeborium Lscherichis coll stradn B and

shilch attack 1t, U2, has been ubilized in

this thesis for an experimental approsch relatively new to

involvess the

the soluble

tlon of physical and

bacterisl protoplasn by
shnemical methods. This experimental sprroseh bag yielded

sbion relating to such diverse blological

valuable

problems as plant virus synthesls {¥ildwan, Cheo, and Eonner

1249} and musele contrac v {Dublsson, 1950), In the

our distinet Tindings have besn obtaineds

1¢ It is poselivle Yo disrupt bacteria and to ez
ight substeances.

R s e g R e
soluble proteln

vile extraeis

sty v g v g i A y Boues BT pimn vy sunmong s nt T B B S B e A8 emisone 8 et o g T
nrepared in o sinilar manney but obbeined from lolested

. A I T Py . S ; B pn e B W RN 2 . s E
bacteris velsoned prior to ihe of the ssllipse conbain

S It ig possible to disyrupt phage peartiecles and bo

resover the products of such disruption. Disrupbed phage suge

s s E I O U T e Y
ich can be diptinguished
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12 of necesgibty speculetive in nature in asdmittedly speou=-

lative degoription of the sourss of &
regently been presented by ILuria {(1950) in en attewpt to

eombineg 2ll of the current knowled

the phago,.

21 soures of virus infection ns

bacterisl scluble protein organiszatlen compersd with that
found in a plent leafs 1In @ system of such complexity only

be debected and

goured in the pulbi-

component systems AL the outset of the work it hed bsen

hopad that the

e wm B s
OY Hhe

teris during

e course

of the work which provide cliroumstantial evidencs eboubt the



&
iy
by
a

J
forms

km,.yw e a0 & T
+ £ = @ & &

3 i L4 £ 4 Fet s 3
wd g2 & @ o o I B ow o

P4 ] Fr syt sk E e e o
g G al 3 ol 0 Bt B P
o mooowd @ o G oo o o
i o (I 9 o i} & O
i = & o sk o e o 43 @

work

b3l
y
&

i
agynbl
L
U g
mint

g at a series ol cone-

; 2
e ¥ o Z £ 0 P e E

L & o 42 4w oW & o !

a 9 2 ot g o @ c 0 b

v ¥ = © oo £ @ & 2 © o

N s S ks o ® B o

W @ @ 3 4 o £ o @ 4

pir S R r 2 =S T R g

O Bg 5 o R oD 45

P & T & 9 By W e _ A . & 4 i 43

SR T 4 o & B & e e o s 2 F

i £y o 40 e o & % @ e

o2 wm g S - T - @ e BT SN &

i m L Fe % gt o 0 & L i A e ® o o @
o 2.8 4 @ 84 B B oeg & o
B C S ¢ e ™ g o P # 3
o) o & o e ey e ol fe2] e spd o o5 @

& e o & - oo o o il e o o 2
& & % @ i W e et e wped fee
7 °© B g & & > 5 8 8 B B
3 e R & 5] [ o & o
e 40 & & A4 $a & o O &
el s £t &3 & @ RE
i O @ oo £ £ & A
2 & s * = o £ o
w2 =1 W &g o e
4 w By bt & 24 W P
o B o R & g
L @ B v & [
o} i ¥ b el 5

& e o 4 45 isd

A @l b B | o e

E Fib 33 o o b

Gy B & o

MW foip mm,m ﬁw svs.,m ai

& s L o3

@ & By 42 oy ‘ £

B & o o = o 4

wwm = = gt S

R O o ( fa "

o &3 @ 4 o8 = :

= & S L e B © Bt




107

3

socumuleted ag to the course of virus synthesis, PFurther
work in this direction employing & combination of physical
and chemical btools msey vield wore insight into the blelogy
of viruses,

The similarity of the DHA in uninflected bacterla
and free phage, respectively, 1s subjesct bo several intepr-
preteabions. The interprstation applied depends on the nabuvre

and extent of variabllliy found among DHAs in general. Un-

el

fortupately the state of DHA study has not resched the stage

&

where DHAs obtelned frow different sources have been olégsie
fied g8 to physical and chemleal properties. If DHAs obe-
tained from & vearielty ol sources do indeed all appear to be-

have in the same msnner in the anslyticsl procedures of

i

sloctrophoresis and ultracentrifugstion used in this thesls,

e

then the observation of the simlilarity of the phage snd
bacterisl DHAs 18 of 1ittle interest. That DiAs may exhibib

extreme blologlecal specificity, however, has boen sdequately

demonstrated by the work of Avery et al. {1944) snd Boivin
{1947} in the Lype-~transforming principles of Pneumcooceus
and s epli, The guestion resolves 1tsell inte the problem
of whether such Dlologiesl specificity asscclabed with DHA

3

iz slego reflected in changes Iin the DUA molecule which can

he detected by physlcal and chemicel means, This problem
may be subject to elucidation by the asdaptation of the coli-
phege system used in this thesis to the transiorming and
transformable straing of E. coll used by Doivin. Boivin has

the Avery school on Pnoumosocous

ot

exbended the bagle work of
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v ey

o ©. coli by the dilscovery that the DNA of & certain smooth

e

strein can treansform a rouzgh strein derived from & diiferent

i

smooth strain inte the smooth strain from which the DHA was
derived, fThe resciion i extremely specific as regards the

2

straing employed, If the adaptation of the bloleoglcal

systen used in this thesis to the strains used by Bolvin is

&

2%ke to lgolabte the DiAs

"‘!‘s

poselible, then Lt would be poss
from a variety of bacterial as well as ﬁhagé gtrains end come
pars them by elestrophoresis, snalytlical ceuntrifugstion,

and for transforming ability., It showu

to determine whether blolegical diffe

also be of interest to compare the nuclele aecids derived

from o series stibock the sawme hosi

host ig responsible for

the specilflelty of phage nuclele acld oy whether the DHA
is phage specliflic, The dats scoumulated by such & proposed

study

blological funetion of DHA through & bebior understanding

of the nature of the sgpecilicities involved.
I wish to turn now to a discussion of the finding
that freely-migrating DNA largely disap g during the

selipse of infeotion as it slied to conceptlions
of both phage growth and DWA funectlon in gensral, Ths
Swedish scheol hesded by Uespersson (see reviews by Casperse-

947, Thorell, 1947, Hyden, 1947) by enbirely diffs

]
o
e
o
i



methods thaen those used by the author have come to certain

general conglusionsg regerding the blolegical funcition of DHA.

4%

Through & study of the ¢h

and distribution of DHA during c¢ell division, ths view has

heen evolved that the reproductieon of the

conditionsd by the presensge of DHA, The cbservations whiech

led to this view ilnvolve the stitachment te the chromosomes
of DHA at the onset of e¢ell divislon and the su quent

ahpomogonmes ab the conclusion of

in contrast to DHA, in the

opinion of this group of workers 1s tled up in sone manney
with the synthesis of the cytoplasmic proteins.
Investigation of 8 series of enimel viruses, graded

in organizational complexity, has led to the view that the
viruses ave ssif-reproducing units which sot as parssitss

wpon the nuclsoprotein forming parts of the hosgt cells and
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The notion swhleh

chool has developed

gpenize postulated chromosome like elements of the more com=
plex viruses snd to supervisge the egual distribution of the
newly syntheslized material to daughter viruses.

It is possible o correlate the findings of the
Swedish school with those of other workers. I wish to re-

o

call the conslusion mentioned previcusly that when & bao~

d\‘
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teriophage stbacks a bacterium, the bacterium cesses Lo

gynthesize its own components and proceeds to syntheslze
viral components. This finding fits in very well with the

ides that the viruses are indeed parasites on the nucleo-
protein forming parts of the host cells. The notlion that
é.primitive‘ chromosomal m@@ﬁani&m may be operating in the
proliferation of the DHA~containing @nimal viruses finds
gupport in the Hershey linksge groups of the baecterial
viruses. Another point of interest thet is pertinent to the
present discussion is the recent finding by Luria (1850)
that in the early stages of bacberisl virus infection,
there is an eubocatalytic replication of genetic material
followed by a phase during which recombinatlion of the genetlic
units takes place, Frobably only after these processes
éw@ gompleted do fully formed phaged particles appear which
are now capable of infecting other bacbteris, These [indings
are very suggestive of something like en inbtense mitotic
activity of the phage parts followed by something comparable
to a melosis during which crossing over takes place.

An attempt will now be made to outline a speculative
scheme of the events taking place during the infectlon of s
bacterium by a becterial wvirus. DBiologlcal significance is
attached to the author's finding thet DNA disappears as a
freely moving entity during the eclipse., This scheme is
meant to apply chiefly to the infection of Hscherichis coll
strain B by one of the T even phages but perhaps it 1s of

'3

more genersl significance,



11y

Upon entering the gell, the virus bresks up inte its
gcomponent perts and in some manney csuses the nuclesr
apparatus of the bacterium bo disintegrate {luria snd Humang
18803,  Probably by disruptlon of the sellular nuclesy
apparatus the bacberium iz prevented frowm syntheslizing
further bacteriel material, The component parts of phage,
%hieh are probably ehromosomal in nature, start undergoing
intense mitotic activity. The celluler enzymatic apparatus
is lmmediately directed by the phage genebtlec complex o
synthesize the bullding bloeks which supply the necessary
proteinacecus material for the Intense mitotle activity.

Since the component chromosomal maverial is rapldly increasing,

a large amountv of ig regulred to organisze the chromosomal

duplicating sctivity. Thus, the DHA of the bacterium he-
5 ¥

e

comes atbached btoe the primitive chromosomes of the phape
during the eclipse and disappears as a freely moving entity.
After an initlel lag, the bacberium sterts synthesizing

DHA,; perhaps because the bacterial reservolr of DHA hes besn
sxhausted, After g time of mitotic activity, some sort of
palring end sexchange of &”%@ of homelogous chrowosomal
material takes place and complets phiepe uniis are formed,
The chromosomal

melotlic activity and before

new unit, undergoes the same

intervhase chromosomes, theb
its tight bonding with the chromosome, and thus is agein

e

found ae a8 {res-moving entity when the phage pariticles are

disrupted.,
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The above expositlon is subjeet to experimental

2.

manners. Oof exitrems interest would be

{‘W«

asbtack 1n seversl

2

an exhaustive study of phage conatituents by a varlsty of

methods,. 4 method has been desoribed ln thls thesis fop

the disruption of intect phage. Two kinds of componsnts
appeayr as 2 result of such disruption. One of these has

been isolanted and bas been characterized ss A, The other
;@Gmﬁﬁﬁﬁﬁﬁ has not vet been examined, It is suggested that
sxamination of this materisl by chemical and physical methods
mey reveal relationships with classlical chromosomal material

..... —

ﬁl%%%?@ﬂ microscopic observation might

ng postulates have
sny basis in fact by possibly revealing a chromosome~lilks

i

structure for this material, Purther chemicel asnd physical

sharacterization may possibly revesl relablonships with
the chromosomin of the Stedmans (1947) or the residusal
chromosomes of Mirveky (1947). It is realized that any

may bear Little re-

iy T o

lationshiv to the phage components onte bhey have starbe

Howeveyr, valuable hints asz to the nature of viral veplication
&

may be gained from such a study., For instance, comparisons

could be made between meterisl extracted from intaet phag
with material extracted Ifrom resting nuclsel, actively dividing

nuelel, and spernm to see whet I any velautlionships hatwean

e
o

such meterials are present, since they all represent congsn=-



trationg of genetie meterial in ferent states.
Of equal importance is the isolation and exsmination
of phege intermediates whiech appear during the course of

active phage multiplication. Suggested spprosshes towards
the isolation of sueh maberial heve already been mentloned
in en earlier sectlon of this discussion, ¥hen the teehnical
difficulties involved in such an lsolation have been over=
‘some, it will be possible to examine such material Yv the

for the charscterigation of

same methods as thoze suggestsd

v extracks of disrunted
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