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INS. 0T VIRUSES

Gentribution Ho. ; Divislon of Forest Biology, Science
Service, Department of Agriculture, Ottaws, Canada.

.
s H.: WIATT

{From the) Laboratory of Insect Pathology,
Sault Ste. Harie, Ontariocf.

Hi:—-bhnf‘_::_,li stion of recent analytical methods it has

boacomns aatablished that nueleie moeids from various sources differ
in their contentis| of the purine and pyrimidine baseg. These
quentitative variations presumsbly represent one of the basss

of biclogical specificity in these substances.

Annlyzes of desoxyribonucleic seids (DNAYs) from a number
of animel, plant, =nd microbisl sowrces have led to the con-
elusion that DHA composition is a species character (Chargaff,
1950, 1951; Wyatt, 195lb, 1958). while the DNAYs of higher
animale are guite similar in composition, those of bacteria
and viruses exhibit more extreme variations (Chargaff, Zamen=
hof, Brawerman, ani Kerin, 1950; Saith & Wyatt, 1951); =mong
moBt or all, however, c¢ertain regularities in the nueleotide
ratios are evident (Chargaff, 1351; Wyatt, 19562). Among plaok
viruses, which contain ribonucleic acid [(BHA), small differ=
encées in purine-=pyrimidine ratiocs have been shown among strains

of tobagoo mosaic, and these differ more markedly from othar
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unrelated plant virugee (Markham and Smith, 1950, 1951). It
thus geemsd that nucleio acld analysis would ald in charasteri-
zation of the viruses found in insesota; being studied in thia
laboratory, and posaibly provide a griterion of relationship
among them.
The inesct viruses comprise & numerous, bhighly asdapted,
rather host-specific group \Bergold, 1947, Ll948a, 1950a, 1950b;
194%a, 1949b; Steinhsus, Hughes and Wasser, 1949;

Smith and Wyckoff, 1961). Gensral methods for their isclaticon

and purification have bean worked out, and thelr morphology

extenaively studied, by Bergold (1947, 1948b, 1950a). On
morphological snd biological grounds, they appear to form a
fairly homogenous group, which may be subdivided, however, into
(&) polyhedral vwiruses (genus Borrelins Paillot; see Steinhaus,
l948a), oscurring in numbers in polyhedral inclusion bodies,
and (b) capsule or grenule virusee (genus Bergoldia Steinhesus),
ogeurring singly in minute oval inelusions

The manner of their occurrence in inelusion bodies makes
it possible to prepare these wviruses wvirtuslly free of host ma=-
terial and bf cross-reaction with host antigens |Bergold &
Friedrich-Frekasa, L':r-].'F]_ a situation almoat unique among ani=
mal wiruses. They are relatively simple in chemical composition,
haying, in addition to protein, about 15% of DMA (Bergold &

Fister, 1948b; Smith & Wyatt, 1951), and extremely little lipid




or non-nusleic acid gerbohydrate (Wyatt, 1950). They thus
provide exesptionally favorable material for comparative
atudiea of nucleie¢ acid composition in related miero=-organ-
isms.

Anmlyses are now deseribed of the nuelelec acids of
aleven gpacies or strains of insect viruses. The results
are examined for their value in oharscterizing the wviruses,
and for what light they may throw on the problems of nu-
¢leio agid composition. An snalysis of the nuclsic asid
of one of these wiruses (Smith & wyatt, 1951), and initial
results from this comparative study (Wyatt, 1958) heve al-

roady bean raported.

PERIMERTAL

Preparation of the viruses

The viruges for analysis weare isclated from purified
polyhedral bodies or eapsules by the procedure of Bergold

(1947, 1950a). The inelusion bodies whieh provided the

starting material wera obtained froam the cadavers of di-

i

safged inseutsluq“qpar.flﬁu by sedimentation and repeated
washing with water until the residus was almost white and
ghowed very few foreign particles under the migroscope.

The standard procedure for the isolation of the wiruses

is as follows, datails belng varied only slightly to Bait




the properties of the different viruses, Dry, puarified
polyhedra or gapsules are suspended at a concentration

of § mgm./ml. in a solution contailning NaQl (or KCl)

0,05 M. and Na_CO0_{or K _00.) 0.008 to 0.03 m‘l.“
23 g J

The strength of :1.'{:.].1 1'_.; adjusted to the solubility of
the inclusion bodies of emch species, as follows: Poly=
hedra froa B. mori and §. p. eurythems, 0,008 M.; fron e
dispar, L. monacha and N, sertifer, 0.008 M.; froa gs fu-
miferana, P, seriate, U. americanum and H, digstria, 0.03

d.; capsules from Q. fumife rang and C. murinanse, 0.03 M.

— —r —

After 2 to 3 hours, with ocoisional shaking, dissolution

B o
of the inelusion body protein and liberation of the virus
is complete; this can be followed with the dark-field mie-
roseope. The suspension is then centrifuged at 4000-8000
r.p.m. (Sorvall 33l centrifuge; l&00-3800 g) for 5 minutes
to remove undissolved remnants and i ipurities; somes fur-
ther virus can be recoverad by suspending this residus in
woter and re-centrifuging. The virue is then sedimented
at 11,000 r.p.m. (12,000 g) for 45 minutes snd the clear
supernatant ligquid containing dissolved capsule or poly-
hedral protein is set mmide. The wirus is suspended in

distilled water or 10™% M, ;:uacu-z of volume equal to the




original solution, end again sedimsnted at 11,000 r.p.m.
for 46 minutes. With some species, a brown layer consis-
ting maeinly of virus membranes (Bergold, 1952) and the un-
diszolved surface skins of the polyhedra lies on top of
the bluish-white sediment of virus; this oen often be re=-
moved by rinsing with a drop of water. The rembining
gediment consists almost wholéely of vimis; a numbar of

the preparations used for nucleic acid anslysis have been
exanined in the electron mieroscope by Dr. G. H. Bergold.

For bydrolysis, the wvirus is centrifuged down from

a small volume of water in a 6 x 50 mm. glass culture +
per &1

tube, and dried. The yield is generally 2.5 - J.Erju‘ of

the inelusion bodies. 60=100 mgm. of polyhedra or cap-
gules, giving 1.5-3.5 mgm. of virus, were used for each

analysis.

Hydrolysis
f"}'g per enl 3

Ferchloric acid (e~ Mershok and Vogel, 1951) Was gged
Bash-sided. for Lydrolysis, since it liberates the purine
and pyrimidine beses from whole virus, along with protein
degradetion products which interfere little with esti=
mation of the bases. Hydrolysis is esrried out in sealed

tubes in & thermostatieally controlled bath. After hesting,




the hydrolysete is diluted with waber, and the black esar=

bon residue is brought into suspension by grinding with a
glass rod, since it tends to adsorb P. Aliquots sre taken

: 2 . 3 ! : i
Wit micro=-pipettes Tor chroma CEraphiy, P astime lom, ;_-.n.l:],I

if desired, N estimation.

Sell=-ad justing capilleary type, made in the laboratory or
purchased from Miercehemicel Specialties Ltd. » Barkelay,

California.

In order to obtain satisfeetory emptying of the pip-
attes, tha samples for inorganie enalysis ere dispensed onto
amall pieces of filter paper, which are dropped into flasks
for incineration.

Singe early experiments showed wariability in the yield
of thymine, same tests were eerried out with purified ox
gpleen DNA to determine the ir gcnditions.
above 100° were found to cause of thymine [(about 15% n |

at LIUG:I. The asmount of HC1O0y used is also imBortant:

with B=l5 :|-.‘-_. of 704 BClO, per mgm. DNA, ccnstant yields

are cbteined, but with greater amounts of reagent, some
thymine is lost (about 2.58 with 20 pl.ifgn., =nd 10%

with 30 ‘L-].i,-'l-Lg.:u-:I- When & mixture of DA (1B#) with pro-

tein jbovine plasms albumen, BSS) wes subjected to hydrolysis.




thé amount of HOLO, used was less oritioal, aund yields

were unshanged over the rasge 10-50 pl. HOO,/mgn. DHA.

Cv¥idently, HClO, Las a destruetive astion on thywine whieh

eon be overcoma by the bufferlug effect of eiiher protein
aold .

LVER
sgulte It seems likely that wees undar

optimal conditions with |,'|_'|:J_$_._1 a small amount of thymine
is lost. This would partially account for the discrepamey
from the ylelds cbtoined with formie seid (Wyatt, 195ib).
The mathod chosen, howeVer, gave very consistent resulta,
satisfactory for the comparison of biclogical materiala.
The yields of bases from ox splesn DHA, with and
without added protein, and the percentages of total E
and N accounted for by the sstimuted nucleotides, are

given in Teble I. The change im apparent yields re-

sulting from the presence of protein nowhere axceeds éFr c:-.b,
foll gt ity F-*...{bl
".'Jw;-'rl::r\i:k; gL'auutum‘(::dmat |, lbeelndliwe  To

the dry virus is edded S3-4 Rl 70% HCLO, per mgm. weight,
nd the tube is olosed and heated to 100° for 2 houra.
Suiflcient water is added to make the volume of Lydroly=
gate about 25 }J_L.J and the hydrolysis residue is gpound
into suspension. This allows two ﬂ—pl. portions for
chromatography and two or three _.-Fl. portions for P eatl=-

mation.




Letilmutlon ol the Basas

-

Fublighed prodedures |Merkhem and Smith, 1949, 1951;

Wyett, 136lb), using paper clromstography, were followed

ts lu order to obtain reliabla

whpus ( i t"} b
results fron the leamst possible material.% Isopropancl (;5- F&'rdh Loy ”"-LII
f

with only minor refinemen

g HCL (2.0 N.) was used exclusively as the chroma-
togrsphle solvent. Eaoh spot wee eluted in 4 ml. of

Oul W=HOL, by standing overnight, with mechanical ahak-
ing before and after stending. It was found thet by sufii=
clent cleanliness and cere witi the blanks, relisble re=
sults (difference between replicates rarely exceeding 3%)
could be obtained with optieanl densities ms low es 0.1,

corresponding to about 5 pgm. of purine gr pyrimidine,

Inorgenic Analyaes

Phosphorus \ususlly l.5-4 mgm. Per sample) is estimated
of Bergold and Plater (l1948a),

apd nitrogen by & miero-K jeldshl procedure.

RESULTS Basuits

All of the viruses gave rise only to the purines aden=-
ine and guanine and the pyrimidines eytosine and thymine.

Heither S-methyl-cytosine nor urasil could be detected. Some




chromatogroms showed a faint spot near the position of

racil; this, however, did not have tie characteristic
absorption spedtrum of uracil and was found to be assocoli-
2t3d with the brown "meubrans" portion of a virws prep-
aration. The clesansst white preparations gave no spok
in this position, confirming the virtual or entire ab-
sonceé of HNA from these viruses (Bergold & Pister, 19digb;
Smith & Wyatt, 196l). In one preparation of G+ p. oury-
theme virus, the maximum posasible urmeil, indicated by
the absorption of an eluate from the urmeil positiom,
waa aguivalent to 3 of the thynine present; as this
ineluded the absorption of protein degradation products,
any actual uracil must have been considerably less. The
anount of DHA estimeted by summing the bases corresponds
to 1L0-15% of the variouas wiruses, but these figures are
only epproximote since the prodedure was not designed to
refer results to dry weight.

The proportions of the several bases in the ll viruses
Fraetion

exanined are listed in Table II. The sersiswn of total P

agoounted for by the estimeted nusleotides averages B854y

VJ@'U. compared with the corresponding figure of L00% for

ox DNA analysed in the presence of proteln by the same pro-

cedure, this sug.ests that some 104 of the virus may ocour




viruses are & n f table in ox
gontent of adenln Lt willi ba ooted that tho thy=-
acids tien siso form
8 valiuss Tor LANnLNG agd cyLwo-=
in desgend ing order.
thymine, and gusanine to eytosine,
for all, while the rat uf if adesnine plus Loymina
lus cytosine (AT/G0 ratic) gives an index of the
ke geries. Thesze regulsrities are brought
out in Teble III. The weriation in sdenine/thymine and
guanine/oytoaine ratios withln roup of orgonisae
falls within experimental error. The correspoudiog ratios
for ox spleen DHA are alsc 3imd T These conska
ratios ére in accord with the regularitles in the compoal=-
tion of DHA"s which were first pointed out by Chargaff
gnd have alresady been confirmed and discussed (Wyatt, 1353).

An incidental t of thisa belanced varistioff in D=

. o - A B g ¥ - . o ¥
C]\U[,l,,.:..'l,_‘,;;l composition i1s that the mesan rL-l:.‘J.-;:_‘Li«.LH regidue




the mean molecular waight

is als int Phia fig 0 10% fall outsld
runge oUH.d = 9U9¥.3 for the entire sories, altoough the
nolecular weights of the nucleotides vary widely

| dea0xy -

adenylic acid 331, lic 307,

ol JELIGYALG 'hsi-'l. :' -

Mrafgssiony Ebserwstan

Booause of thelr possessing surfece membrunes end a
variety of morphological foms indigative of a lifs cyole,
these viruses heve been described ss organisms (Bergold,
1950a). The term seams appropriate, and is used in this
papar. TYet their possessing only one type of nucleie acid

18 a characteristic of fundamental importance, shared with

5
bacteriophages (Cohen end Arbogsrdt, 1950}, which 4if feran-

tiates them sherply from bacteria or other miercorganisms
with which they might be compared. whether 1

contaln ENA seems not to be definitely settled (Cohen, 1950).
Lack of HNA in eertain viruses may be ssscociated with theirp
peragitic metabolism, which fress them from the naed to

synthesize enzyme system e remalning DHA has presusably

genatie valua.




ACCODULNE t0 the coaposition of their DHA, the
rillduE ROULYEed Lave Dedll alraldged ih a Serie:
'OPLUrtiONE OL tle bases clhangige in 4 balanced
manner. Their distfibution i1a the seale, however, is
Dot random, but shows grouping into sets with very simi-
4187 OF ldentlcal composition. lals 18 w08t ¢learly
shiown by the AT/GC ratios in Table III, whieh have walues
of approximately U.98 for two viruses, l.35 for four
¥Yiruses, and l.67 for two. None of the differences
1n gontent of individual bases within the group having

AT/GC ratio l.36 (M. amerigonum, M. disstria, B. mori,

C. p. surythemse) are significant when exemined by the t

test. This outcome wes scargely axpected in view of
{ "'-"-j"-:" Fsié )
the results with animal .'I}I'Jh'E'-ﬂ':'.'u..E-:- Buggested a unique,

if only slightly di :"k"ﬂ;:t-lcu- ipoaition for each species,
and those with tobaceo mosaic (Merkhom & Smith, 1350)
which indieated that even related virus strains could
diffar in nuecleic acid composition.

There is some evidence in th agultas that
iruses tend to hive similarly cuﬂabitui.;.- _

two ¢Epsules viruses are c¢loss togehbar in the

g0 are the two pairs of polyhedrsl viruses whose

y &4
hoste are menbera of the same Tamily. 3Such well-adgpted




morphological a

¥ i .
Ol COSLT

88 OOT Deca

murinane are blologicelly as differeat as any

pair 1in the =¢ yet have apparently identically com-

posad DHA. Ti " th AT/GC retio approaximately l.355
also ineludes gquite unreleted BpOLias, Yot the virtual
#dentity of nuclei¢ acid composition of sof many spocies
must have soma signifiecance. DHA composit.on in thasa
Viruses ayppears to change by disgorete atepas; yet the

of these gteps are pot quite sufificiently
unifomm to represent changes by aqual numbers of nucleo-
Lidas. n attempting any such emplanstion, it would ba
inportant to establiah by further analyses whethsar in-
termediates ocecur. Moreover, the steps do not mpp

atlions, since distinet viruses can




sems DNA conmposition. Interpretation of tiese results
must, probably’ ewait better knowledge of the molsculsr
structure of nueleie acidas.

The indepedence of host and virus nueleic acids,

Did

already astablished for bagteriopheges (Smith & Wyatt,
1961) is confirmed by the analysis of a polyhedral virus
and & capsule virus from the samne insect species, C.
fumiferana. These have gquite distinoet nuecleie acids,
1t would be interesting to compare the DHA's of the wari-
ous nost insects. Several® attempts to prepare DHA
irom caterpillars led to only very small and impure

q

slds. Approximate analyses, however, of DHA from

W

B. mori and L. monacha showed that they, like other

animela, have a merked excess of adepine snd thymine
[

over guanine and cytosine; and Lll!_td of L.

leagt, is gquite different i‘_'r-:}r:':t itas virus.

monacha, at

While some distinet viruses have the same nucleic
acid compesition, these analyses can neverthaless take
their plage among useful texonomic charseters. For
example, in a omse of appsrent cross-infection of L«
-.';_A'BJ_I__'E with B. mori virus, sugh »2 was obtained by
Bergold (1943), analysis of virus DNA would establish

whether this represented trus infection or provocution
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of latent wirus. The sengitivity of the method is ada-
quate for such tests, as approximate ratios can ba ob=

talned from less than 1 mgm. of virus.

Elevan viruses dausing polyhedral disssses op gap=

gule diseases of insects have been igolated and Bk
analorgec] I

Feevedto LlwltitET-;?el_]-uﬂui-gTr-'tﬁ- for the purines and pye
rimidines of their nueclele secids. The wirusas possess
approximately 10-15% of DNA. No RHA was detected., The
DNA's contain edenine, guanine, cytosine, and thymine,
but no methyleytosine. The propertions of the purines
and pyrimidines vary in the different species in a bal-
anced way so that edenine/thymine and guanine/oytosine
are constant ratiocs close to unity, but the retio aden=
ina +thymine /guanine +eytosine gives a charseteristie
index reanging from 0.7l to 1.87, by whiech the wirusea
gy be arrenged in a seale. Viruses possessing charac-
teristies in eonmon tend to fall near one snother on
the scale, but proximity on the scsle doss not necess-
erily imply relMtionship. The scale is not a continucus

digtribution, but contalns groups of wiruses having is

identicel DHA composition, with intervals between. The
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fundamentsal significance of these results remains uncertain
at present, but it is ¢lear that nucleie acid composition
can be a useful taxonomic character for viruses.

1 wish to express thanks to Dr. E.A. Steinhans for
the gift of disessed alfalfa butterfly caterpillars as a

5

source of polyhedra, to Dr. F.T. Bird for diseased spruce

Bawily larvae, and to D¥. Q.H. Bargold for polyhedra and

pecies and for stimuleting discussion
the work. The phosphorus and nitrogen cetizations were

garried out by liss Rhona Far




FLER IGH b G

-5 " :
Bargold, G., 1943, Uber Polyederkrankheiten bei Insekten,
Biol. Zentrellbl. 835, l.

Baergold, G., 1947, Die Isolierung des Polyeder-virus and
die Netur der Polyeder, Z. Haturforseh. 2b,

122,

Bergold,; G., l948a, Uber die Kapselvirus-Erankheit, Z.
Haturforsch. 3b, 338.

Bergold,

n ] o e T
Bergold, G., 1980a, The multiplisation of insect viruses as
organiams, Qan. J, Hes., E, 28, 5.

HE e y :
3 19800, Insect Viruses (in) Vimses 1950, Pagadena,
California.

Bergold, G.

A

.

Bergold, G., 1952, Personal Communication.

Boergold, G., and Friedrich-Freksa, H., 1947, Zur Grosse und
Serologie des Bombyx-mori-Folyedervirus, Z. Hetur-
giorsgh. Zb, 410,

Bergold, and Pister, L., l¥48a, Mikrobestimmung von 0.,l-7
yephor in Organischem Material, Z. Heturforseh,

Bargold, G., and Pister, L., 1948b, Zur guantitativen Mikro=
- - TN
bestimnung von Desaxy- uml Ribonugsleinsgaure, .
Haturforseh. 5b, 406.

Chargaff, B., 1950, Chamigal specificity of nugleic¢ acids and
mechanism of thelr enzymati¢ degradation, Experi-
antia E. :J:..:lll

hargaff, E., 1981, Structure an netion of nugleic scida as
Ghargaf I 1961, & ura d function o 1 d
L1

gell constituents, Fed. Proe. 10, B64.




Chargall, E.; Zamsnhof, 3., Iarﬁ--%.m.n, G« Bnd Eerin, L., 1994,
Bucteriel desoxypentose nusleic acida of uousual qom-
position, J. Amor. chem. Soc. 73, 3830.

Cohen, 3.3., 1950, The chemical composition of the antigens of
gommercial typhus vacelme, J,. [mmunol. 65, 475.

Qohen, 2.5., and Arbogast, H., Chemigal studies in host-virus

interactions, VI., J. Exp. Hed. 91, 607.

Markhes, R., and Swith, J.D., 1949, chromatographic studies of
nucleie acids. I., Bioohem. J. 45, 294.

Markham, B., and Smith, J.D., 1960, Chrometographic studles of
nugleic aeids. 3., Biochem. J. 46, 513.

Morkhem, R., and Smith, J.D., 1951, Chromstogrephie atudies of
wgleie acids. 4., Biogcham. J. 49, 40l.

Marshak, A., apd Vogel, H.T., 1951, Miercdeterminaticn of purinas
and pyrimidines in bioclogiesl materials, J. Biol.
gchem. 189, 597 .

J.D., and Wyatt, G.H., 1981, The composition of some
mierobial desoxypentose nueleic acids, Bioghem., J.
49, léd.

amith, KE.M., and Wyckoff, R.W.G., 1951, Electiron migroscopy
of inseet viruses, HeSearch 4, 1l48.

gtainhaus, B.A., 19498, Nomenelature and elassifiecation of in~-

gect viruses, Beoteriol. Rev. &, 203.
Steinhaus, E.A., 19490, Principles of Insect Puthology, New
York, MeGraw=Hill.

Stainheus, B.A., Hughes, K.M., and Wasser, H:B., 1949, Demon-
stpation of the granulosis virus of the variegated
cutwors, J. Bagteriol. 67, 219.

Wyatt, G.H., 1950, Studies on inssect Viruses and nucle o agids,
Unpublished Thesis, Univerasity of Combridge, Englend.

jyatt, G.R., 195la, Hecognitlion end estim tion of S=methyleyto-
gine in nuclslic acids, Bioghem. J. 48, B8L.

Wyatt, G.R., }uﬁlh. The purine and pyrimidine composition of
degypentose nucleic acids, Biochem. J. 48, 584.
A ——— e m— — =npet: B

1952. Specifieity in the composition of nuclelic




pt. Call. Rea. Suppl. 2, in press.




Table I

Yield of bases from ox splean DHA

after hydrolysis in HC10, (70%, 15 ul./mgn. NA) at 100°

Mples per 100 moles total boses’
Hydrolysis P accounted H accounted
time

Adenine| Thymine | Guanine | Cytosine for, per cent | for, per cent

Material snal ysed

Purified DNA 1l hr. Bl 26 .3 &5 .0 207 25 a7
hr. : 26.0 23.2 20.7 98 a7

DNA 158, albumen
B854 hy. a7.0 2249 0.7

27.8 26.9 22.7 20.9

lj\].l.ONLD{, 1.3 for methyleytosine, not estimated in these experiments.




Table IT

Furine and pyrimidine compogition of ]:Jﬂ.n.'a of insect virusaea

jost spaciass

Host ordar
and family

Holes per 100 moles total bases

Thyming

Guanine

P accounted
for, per ceant

orthetria disper (L.),
Gypsy moth

Bymantrisa monacha L.,
Nun moth

boristonsura fumiferans

Glem.], Spruce budworm

ttychopoda sorista Schrk.,

falacosona americanum (R),
Eastern tent caterpillar

alacosoma disstria Hbn.,
Forast tent eatarpillar

Bombyx mori L., silkworm
olias philodice surytheme
Bdvl., alfalfa butterfly

Yeodiprion sertifer (Geoffr.),
Pine sawfly

Inclusion body type

Lepidoptera
Lymantriidas

Tortrioides

Geometridas

Lasioccampidee

Boabyeidas
Pieridae

Hymenoptera
Tenthredinidas

3 Lo

81,2 } 0.15

24.6
24.8 1 0,12

26.7 £

29.28 ¢ O.E2

x a3

20.05 } 0.18
2.8
2440 1 0,09

25.7

28.0 4 0434
28.6 + 0.37

280 & 0.33

0.5 1 0.11
2647 + 0.14

24 .4

2245 & 0.19
2149 L 0.19

22.5 1 0,08

22.4 x 0,15

19,5

23.2

2042 .+ 0,11
20,3 + 0,07

2042 £ 0413

20.1 + Ou22

17.9

92

acfc'ec ia murinana Hb.
B

horistoneura fumiferana
Clem.), Spruce budwerm

bepdontare
Téntredinidae 3

19.7 | 0.35

18.4

17.8 + 0.29

1644

* Independent analyses performed tn di

Hesn value and its atandard error.

I'ferent preparations

of virus.




Table III

Molar proportions of the bases in DNA's of insect viruses

Adenine Guanins Puriness Adenine +Thymine
Virus host Thymine Cytosine Pyrimidines Guanine ! Cytosine

. dispar 1.06 1.08 1.07 0.71
4. monacha 1.03 1.08
4. funifersnn 1.03 1.08
§. seriata 1.05
A. americanum 1.11
f. disstria 1.08
j. mori 1.11
+ P+ eurytheme l.11

» Bertifer

Inelusion body type

» murinana 1.1 1.67

b. funiferana l.lg 1.87

—

ganaulan

x spleen DNA' 1.04 1.02 1.03 1.82

' Included for comparisonj ratics ere taken from the enalyslis of DHA in the presence of protein, end
melhyleytosine has bean added to oytoaine.
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