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cell cultures permits the observation of various stages of a
growth cycle. 4although the duration of each phase in the cyele

ey

another, the overall plcture o

B
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Ly
©
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reproduction is similar. The growth cycle invelves the ad-

sorption of virus to the cell surface, penetration of the cell

s

shich only & very small amount of

&

virus is recoverable, and & period of exponential incrsase of

E
[N
*"fa‘
@
¥ 2

infectivity. {(Dulbecco, 1955; Luria, 1959; Isaacs, 1959;

Gooper, 1959; Walker, 1960).

various viruses. {F@&yg@mg 1953 Enders, 1954; and Lyan, 1954;.

Until recently, however, little has besen done on cultures in

which the virus tvpe baing @%&&ﬁ@? ig multinlying in & on2 step .
+ foeey - ot &

growth pattern., Oince very many changes undoubbedly occur as
the infected cell passes from garly stages of infection to com-
plete disruption, it is of prime importance to be able Lo relate
any change observed to the phase of virus growth with which it
is relsated.

“ytensive studies relating bilochemiceal changes to the

phase of development of the virus-host ecell couplex have been
carried cut with poliovirus infected cells, the emphasis being

o

id metabelism. Helatively 1little work has

ﬁ

placed on nuclelc ac
heen done on the metabolism of cell cultures infected with other
animal viruses. This review is primarily concerned with obser-

e
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diethyl sther. It is, however, destroved by trypsin and this

i

from viral inceunls.

It has been characterized as ribonuclecprotein (Wilecox and

5 {Pereira gt al. 1959; klemperer and Pereira, 1959}, The

bioleogical role of these components is not known. It was

shown to be detectable first after 20 hours of infection
and also found to follow clesely the chanpes ssen in the

complement fizing titer.

Yoy ” s Pyl .
may nave some alilect on the

Hetabolic Chapres Associabed with ddenovirus Growth

Levy and his associates (Levy et al. 1957) investi-
gated the effects of infection of Hels cells with type 2
sdenovirus on the uptake of rediocactive glveine, on the up-
take of radiocactive inorganiec phosphate, and on the production
of lactic acid at selected times after infection. They used

to eells was smploved in order to @btaiﬁ a8 nearly 2 syn-

&3
&

chronous infection as possible. They found that an inereass

% &

in the rate of uptake of P32 and Clé peeurred, even in th

o

&
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and surviving cells indicated that essentially all cells were

infected.
& continucus increase in mass was shown to oceur by
dry weight determination, and this increased to double that of

‘robein, DHA and RHA accumulated
continuously in infected cells starting at 12 hours after in-

fectlon; and at 36 hours after infection, the cell content of

»

i
Ginsberg and Dizon {(1959) did not find a s ignificant
increase in RNA of Hela cell monolayers after 36 hours of in-

4 adenmovirus. This difference may be dus to

crease in Ulnsberg’'s data is more apparent
than real in that some sarly increase may have been masked by

of RE4 from the cells,
Green (1959) found that infection of KB monolayers

with Adenovirus type 2 resulted in a greater incorporation of

32 into RWA between the ninth snd eighteenth hoursz after in-
fection and a grester incorpoeration of P32 into Da both ba-
tween nine and eighteen hours after infecticn and eighteen to

twenty-seven hours after infection. He interprets his data as

indicating that infection has stimulated the incorporation of
P32 inte the p phosphate pool of the cell between the ninth and
aighteenth hour. At the same time, the acid scluble nucleotide

and phospholipid fractions were alse found to be more highly
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control and infected culturss.

Green (1958) found that cells carryving Hewcastle

disease virus exhibited a marked increase in aerscbic gilyco=

avian poy virus.

Kur gt al. (1960} investigated the effect of in-
fection of the choricallantoic membrane with Avian nox virus.
Again they found an increase in aerobic glycolysis. They
also showed, by experiments measuring liberation of ﬁgéﬁg

from glucose G114 that the nentose phosphate pathway is

i
eperabting at a greater rate in virus infected mesmbranes than

5

in the normal ones. Homogenates of infected as compared to

£

this systez revealed that in addition %o the LPE% linked
lactic dehydrogenase activity of chorieallantoic membrans,
a TFH linked lactic dehydrogenase activity existe in hoth
infected and control membranes. The results are interpreted
as indicating that the TFH linked activity of lactic dehy-
drogenase is more active in the infected than in the control
menbranss.

it was observed that the evolution of CO0p and t©
activity of the laetic dehydrogenase increase in parallel in
infected membrane howmogenates. The authors state that the
reoxidation of reduced TP is the rate limiting reaction of the

pentose phosphate pathway. Thay present the hypothesis that

be Diphosphopyridine nucleotide.



w

vathesis for HHA in either

ynthesgis of

ate pathway,.

B

13

oh

%

H

sie and therefore

%,

o

25

pentoge phos

3

aebia
TPE avail

&8
uid bhe uszed for ths

k|

linked

Wil

o
L

arnount of

iy

2

&
%

&
2

th
nuolel

rug-hoat

rus
nflusnza v

&
3.
4

The result of thiz incrsased turnover wol

cauges increassd turnover of the

theslis of nentosss

gresses

v
b
-

]

ity
50 &

&

major

mmer Lo the

"y
ie

u

ruses respactively.
regtricted
general ru

i3

o

Es

Yyzoma virus.

3

&

%
&

niel
i

4

ke

2

L&A

ke

i8
2341

%

poh more common observation.

7%

it

35

sumbar of
he stimulabion of zJ

¥

e

2

ied &
is

s
@

towever, since studles of th

¥

&
g
“
©
A
&
i)
ed
ed
&
L)
H
4]
%
g
bl
g
&

4
%



infected ag compared
t eliminate oxygen as

ruS,

4

i

e

pliov

oy

&

out so far, have reporited no

~

A S

held under anaerob

rton,

vve
ste in cells

Yl

e
L4

wost studias

-+

Fifford and

F
E
%

sty

By gl P
LI & Y ad g
24 LI I N a3 R =
& we B e & @ g o 8 e
L ped e B s e B O ow i
® @ 4 fa @ e oW N @ m s
£, . £ LB e ) @ 8 B i e
mw Wd - o o ”ﬁm o Mw zm.w MM % " Ll " o)

- % B opd £ : 2 3 43 5
wed el @ [ £ & B 80 2D e 23 32 £
o 3 & ey ey i g [ 3 e & g €y 32

g £ A2 et aq i T B 2 =m

] 2 | @ & el O 42 I < S | ] o Py N @
£ wd by o L L4 7 B~ Py A AT
B e © o oy 2 g @ 828 a G Gy &

4 @ &Y & o o9 g2 e 8 9 9 9 I

o b 0% o o5 om oy owd o £ d

28 B e B @ v § 8 g L v oo P

N2 o b bl S I S~ TR - " VRN - B S B A @ B

O b R e w w wdo@ e epd W W W £ Ri e

e wd @ §e @y W@ 2 W

e & © Seg i LS £ & @ SN £ B om

I ol o i ) 8 B e i 8 42 &
a2 B a2 4D Ba e LT o B O o ed
o] i e s Q& Iy &3 v

Sl &2 g R D~ BT B~ B o B G o 0 Nl s

CTOE - DR N O ¢ & 8 o # PLO I o

o Lt o fa 5% @ LY S i By
Y R @ el K I~ - P 8000y

&9 N - SR - S ) o T | o X o B
Woom o sl By, wmed e R a3 0 g
2 0k o B o 9B g n@ @2 i =0

2ped B D 4 e 2 & [ @ &) vl £
TR 8 £ o] e B D el G - B
L B T + B B - F o T ® A oo
# Qr @ g £ & ot & 5 [ a4 pix] o
@ oW o o og ko g @ e R S

43 Yoo b @ L T T & s By g0 o8 e
By i @ i [ ] €3 = fid o i &3 s o g
o] - F A 2090 =@ 9" & 08 a0 s 4 S g

& © oo} 3] spd £ L3 L] bog  oed &3 o 6 s wnd

ol £ = g S ags e h & e o e ] w%

s £ 1 w“ [ & § B & b & i B £ g
o & sl s m @ a W e © S B
) o o ] - & = @ B fog ] Ls & % e

) o £ D bis ] 4 2 O 2 22 R 4P o) A2 b
2 , L+ S TR * S o LR T = £ &
i b & & & © | @ R 5w S e
] g - ] b LA T 4 & P w0 & @ €
B - B Ly % 1 & o o ed g e o sex T
[ i &2 o] K ¥ - i ] e e & W
B8 et D ® % D 0 @8 g IS B B

m 3 oo & LN ] o) B 5 E Tt h
Mm.u [ 3] s R 43 el 4 fid] ® sl o

o e W L g € gOW & ¥ @ @ £
LN T S B o L = S B I o Rl

8] ) oy ] apef b g ] 8 0 o) B s

e R @ Y e @ B e @ m el LA £y Sa g8
s o3 Eoy &3 &5 & L oot E 4] P = wd & 8
B L 33 E B 5 ) g o W e &3 @

=1 b« @ wl et @ B e 3 el ol g
T T A N T A, S E . D T - e
8 e By et 8 8y 2 I £ £y 15 moa g3 e e



@
e
aged

i1

et of the

ig up

';,
%

y

ahl

&

It iz orob

sticus naturs.

&

af

@m@éii

d

z

,.,”
st

i

b

zable by &

i

ponents to compounds not util

lon

L
s

cell, that causes the cell destruct

pbserved,







Te

3 3
BLuc

g

¢ Lraated by

x ]

S

ry as follow

4

ition dispersed cell culturss

h
&
&

betid o

o

P
i
3

%

Beond

S

e
E3

€
&
MM
&

&

Lrans

MMW
£
SR

o

G

ward

8
5
4

b

]
ol

e
e

trypein and

by

&

g;

5

EE

o

5

ved

2

o

r

i
b
&

sasbion

3

predig

K",

7

spension was

2

2

WS
the gell su

2

sion
53

Derioy

. 1

1

o,
el
2

R

O

nto sCrew-0ap
=g F e

&
=z

iaryland.

iigeat
and the

i

&

d

iispensed
sda,

meyiung

dizcards
athe

3

T

£

Tt

=

%

age

nhaed

pex

&

v

3 B0 to 500 millileter

N

noorporated,

i

o

Lo propagatiy

deo



s
e

&
[

s

«
fooRs

o

i
5§
B e

et

Fip b b

%
e

2
e




=

.

&

& Sy

Ay ¢
s b o

Rt

fd

§
bs

S
N
&




S

i

Lot

[ i

i
ke
2
]

&

foase

£

b

e

oy
W
by

Rt




G
&

x
b

B E

L
&

&

&

%

£
i

-




S0
B

&

s

el

e,
)

@

2

%
s

2

sl B

i

B
&

Bes
B

5T

& S

& 3 L

4y

B oo A

L

o

o et

iy




e
: oo
Eo
&
I %
ey
ey
; g

sl

7
Betsc

P

4

apd

%




&
¥

anger, sng ths miztuy

BEE B

uging a g

4

apped and

then ¢

were

L E

The tub

AR

15
% &

g

saee

%z

rasd

%&w
4
£¥
]
&
=

%

7 47,

E* |

b for

henyi.

je

iroxydl

pRra=-hyi

-
¥

sepy

4

@
g
B
L

m%

photoelectric colorimeler containing o nusber 54 filter which

a
g
u

%
N |
gof
&
L

s g
o

sonatrun

Pl

waing

"

zb‘*,éz' B

=
e

zlaon’s &

st

B |

b
S

ik

2]
=

1945)

R
Z
B

Liosogyd,

srovelinized senpls

¥

dilutlon of 4

G g
& Lty

ser of the

iiiis

Lne mi

ar ol copper

tuwr tube,

&

ime

nlaced ilo 2 color

Yig

2

Bix

g; &

for L

&

o about

N
@

iy sools

wmed iate

Bh L

th

%

water b

&

E
e

ko
Lo
waed
m,%
e

che

7 of trsces of the szolution

26

8

2 the plung

rin

ssd to

1

N
&

water v

Ty

in

2%
5
&

wolum

&

&
i
£k
g
E

Bl
&



by
52
e i o, § By i
(] i} & @ o3 ot o
£ e g2 foo S D e ped B & i
ER v P e L3 FIE T S v B < I < B
i ped = o o R T o 5 e &
0 e By o A¥ e e ogef o gl p
o Ty ond & S 2 6 el By @ fhag ol ool @& PR &
al N e & i e o ool b g o 4 ° g
4w W @ S & owd o m owd a0 b T T, W °
wed  eed 43 T i goud & ] 1 T B | o LI & - o
& $a sl i) B = 23 & @° & aped Wy 5 fou
2. o BOo%w @ ] o e W e 8w S B ¢
oW M g et $ed ] & & o @ o wi @ eed 53 s
NN v S im HoOOLo® W o O 8w e D &
R S D e o s o b S, SE & woo <o e
L5 & PR D e I T B - B 0 1 CT
3 L & 4D W o [ S T o e
& &, ol &y © oo moer @y e
s O & W W L3 S T T S bt o p
EE R LR e 4 sd ot @ PO B T B & e
© S N & B+ E T - & o “
& o Sy £ e O s % b | g e £ &t E> :
&3 b b 4 o ol ] % et el & b
e I wo el ke g A - T o w1 g
ped @ B oW & o S T B B woow ®» v &
L 3 © o b ot i e ! o B $2 ] bn b £
o 4 o A & om s o I = e
RN B R R P vt moos ® @ B g
# 5 wd et @i N e b e oo Q0 = !
g e e St e &b i s [ (& @ ] o =8
Wy o] e s & o i 5] e 3 G £ o | %
e, w4 D e e B o= F S B & R T = pe |
8 2 W e iy = o @ £ o o o P
@ WP . ed = QS s L ; @ e L
& d B oo L 8 8 &l 4 - 0 o g
B e & o aped 24 a F ot s o u
o oW R T I S - T ool &8 BD el
wd g Ao ®l RS B T S g S MO e
wooow o B L © s DR 5t o I SR o
pe B B & wow LR i 9, 5 X 22 5] i e
&3 o o 0 B I | fu 423 £ = & [ 2 B @ o &
wo B w4 & & T SR+ S & Ra ® oW & i
o e £ o g a3 w & g g Gy W £
] WY € = g ol ™ B & B 3 oy W ® f
] o eI o ] L2 B 3 , ] 2 o @ s e
bR W ) e e wf @ W 2 I PO e o o
o I A 9 G = w oA & £ o ad ool
& swd B b S e B D f 0 B sl 0 4y e i W syt w2
I S EX T - B &3 Hooow e G 8 Gg £ B o8] g @
g £ o4 e & ] o s w Tt A od
e W A N R ] s ed W w8 @t & B
i oD o W@ i @ FCOE B B 84 © oo o
o] o & e @ e e} B0 [N« < i & el T D
- o @ 3 o oo oo e S
) £ =] ; i e S o ¥4 et sy & & £ &
fa g & o @ < &3 ik ] o b a5 AL g wped &
& FE] b ] &y wgd Iy £ e o & b E & f &
ot [ o Lo &2 L K & ok g & el L 3 o
%t B % st e [ @ - N+ S D" T ] & o
) Bowl O 5 & P e G oS | W e ks g W




5 bobil

(%
"

F }w b
uilinre
iy

ol

peyr ninute.







e

m @ ] EN
e
o] o A??w %ﬂ @mww
.mw ,,m m %W . % ﬂw @ § mw @ o @
! w 2oe koo oo B By & 8w oo R @
f a W & ¢ o &L g W .o @ B ow k0 w o
€ m SO - T N« B et oM e gy a6
o ke @ MW % £ L, m B g %ﬂ m WN & m 5% P L B
2 @ e I - B eI o 5
@ Bl oW & w9 8w v S W om e B @ ow o B
£ 202 B oW @ .4 o @ SR D T IR SR - B S
2 .,fu o %um = 2 ¥ i} s T () gl £ a4 0 m #od
%w z@ S s ] . & e o o8 o © g # £ & R L
“ € 2 b § &2 i oW £ @ W ey O L & 5 e B
s (A o s SR S R [ I B wl #oee @ o9l @
= w0 e o ke ¢ 9 g o @ o m F o«
8 W e e s D B s G B @ B w0 @ o
,ww i @ W] o £ e §ia o R - R W Gy m I
: £ £ I I T I T B - R % e @
I I T - - R B 8 @ e G el
&4 - w5 Ly R 33 af @ ped pmd b b2 B B £ 4 w3 5, @
Q g W e G ed @ o I B - " D - B 9
wd 2 D - B PR g o« B L - T = =,
@ 2 % @ & o ®2 u g o® wh e g gL A o
9 iwm oo e " B b M & & o g o &
a%@ LS ) i) Eix] BN o wmw i) F & R 3 : 3
o , PR omo® oW 2 m @ &8 8 8 L ®
o o 4 2 k@ & A o e @ wM oWl o e B
LB o oW B & @ M oo b £ 4 B e o8 B
Mo® & 9 o3 oo oBoW S £ 9 e ©
- £ E & o mw mﬂu & Rt 0 i ] o g8 $4 ]
= . 2= w8 L g ! oo oW L - - |
a7 g 9o @ @ I - T I B
oot R R o iy Sy [ e f L o8 s fis &
e MM Mw B} ek L2 w,% @ WM% zw o &y &3 4 g5 e
: . " b & # o & o o i . 4 B
ol 7 & 8 o o o8 o6 b P o 0% B o8 4
e 4 £ 43 R e &0 23 & £ &8 ¥ 3 s 32 €2
47 ] . 2o I B §q o S R T B
& & o E £ g %&; et oy s s S i & o fis a8
W mw 2 N " L el e S 9 3 < S < B S aa @
somed L fq @ K o & sl gord o8 i & b e w B 8
bosral am%w WM mm %& %& M& mwz; P P o e v 4 % ot i »ﬂw
W o w0 m 2@ W @ w W e @ &
£ ot goed S 5 %m i & © 3 i e g o b & & w
il e e b L L Ly & i LR R B s e L &
. @ wooed @ D w2 & o e @ e S T« T
wm , ) o £y o F & 2 peed b s i 4 Bl B ]
& 4 g . » ks e o &3 ws © & @ 4 @B e >
i I T B T~ ey o g ot R I~ R *E- T
& @ B & L 7 £ £5 9 e 2 ko Lty
W LR T s T~ S & e i o f o S 4§ O
é s T . 8 @ w w8 3o e g oW
% S - B B~ TN R Gt M OB et D o B b
@ b 3 wu 4 o b & & 43 e & B i e o » e
£ B o e 4 ES) o S et £ s pd P I o ot
ke, =, . B e g Looa i L @ o o T e
L » o By @ fs 3 P by 3 S 2 5 ) ] fheg
Lo R < R S TR £ 42 B - B
& ¢ W o8 o 2 e M8 wd oy fy m = nm 2
&3 P& W.& CAR S ] e (W S & i ] o 169 o R R
Lo 63 _ Mm o] ” o fae] Kt sy &0 & o & o
Ww A% w 4 o oy & ke @ D 4 ke & e R & 42
3 Byl e B mm 2 0w i e L
) 2 & o o [ B I | e wd e b 53 > LI )
9 vl 9 W e S e - I+ S B ] i 42 &

Ly

wE



iment, as

8 expe

2

<

%

n thi

{

i

38

3
.

w1

mediun (2000 mic

o

ntena

2

AL

&

Je

o
&

iilite

o
e

N

Lo

ized and

i

=

i
durad

Lagtate

&

48
o

g
%

e
£
A
i

#

ionsuned

s

8%
]

s

oy

R

3
[

o

My

o
L

wWale

%
[

doy




=
%

is
1A

i

i

7

2 there-
te one

%, 428
L

R

st
e

te
LA

Swnthes

%

&
30

S

f’i‘i;

H

-

Y

peg

zlucose consumption and lactie

s

£

the

ultures as Helated Lo V
ne

Sz

nfzeted
tions.

e
o

Slyeolvsis in

eyele ¢

£
ey

St

g

crowth, 3

i
¥

&

0

£

7 g
&% 3

2%
&7

sorption

&

3
¢

SOBOY
od, the ox-

&

Ders

wa,

‘

ishe

»

¢ allow for a

B
L

&

nd 98 percent

@
e

o

&

5

unpubl

80

ar,

£

2

t 379

&2
L
&
&
o]
&g
Foncd

P2

200

=3

{H

shwaen

g

oty

incubated
tudicse
&%

4

4

ware Lhen

5

b=

e achieved during

-

b

£

of virus.
ould

culiure

&



£

nas no

i

s /,dé}

o

sonhrnl

F
‘&,9?2@

Yy
LLY,

4!

i
L3

o

Sy
Y
!
sy}

o

@
i
R

i

«4&
&

0



i
k4

ror o

#Lral
G

©

5,
s

&

»
%
kA

tions of

Iy
votion

g3

seld prod

.

[

o

i

S

%

&

-

i

ks

5

&

%

P
e

Q0
4

i E

2%
2

%
"

-4
aces ap

<,
s

S

it

iy
&
2

z,
£
5

o
o

-
5%y 1
U R

e

g
£

0
o}
e

€

A ]

sl
P




il P
24 hours end eguslled that of comtrel cultursz by the foriy-
#ighth heour after infectlion. The gzlucose consumption there-

after inoresaed until the fifth day., Lactlie seid productien

by infected cultures excesded that of controel cultures duving

the second, thivd, and fourth days follewing infeption.

Prior to the melabolic study of sdesovirug infecbed
L eells, it waw declided %Yo investigeie the glucose consump-
Slon snd lactic acld production of sdencvirus indected smnien
gelle meintained on Zagle's medium. The resulis sre illusirst-

@d ip Flgures ¢ snd 5. Yhile ons-sbep provih conditions, ss

agrowthe.

o

Figure 5 iliugtrsies the resuldbs of experisent 4 in
¥hnich one-gtep growth conditions wers more closely spyronizne
sted. £ four nour pericd wes sllowed for virsl sdasrpiion

sorbed per cell

in thiz sxperisent., The amount of virus ad

%

was sueh higher than in the previcus experimevts, bsing 0.67

ﬁ?%%g par cell. The glucose consumpiion wan greater iz ine-

fected cullurss than control cultures and the lactlc acid
production was grester for lnfected cultures after the Lirst
24 bours of infectivn. IV iz even more spparent iv this ez~

ghilisstion and lactic

periment that the iperveased glucos

pors

azid production by infected cullures, soincides witk $he
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