UNCLASSIFIED

AD NUMBER

AD843856

NEW LIMITATION CHANGE

TO

Approved for public release, distribution
unlimited

FROM

Distribution authorized to U.S. Gov't.
agencies and their contractors;
Administrative/Operational Use; DEC 1963.
Other requests shall be referred to
Department of the Army, Fort Detrick,
Attn: SMUFD-AE-T, Frederick, MD 21701.

AUTHORITY

Fort Detrick/SMUFD ltr dtd 8 Feb 1972

THIS PAGE IS UNCLASSIFIED



AD843856

TRANSLATION No. 9L ¥

DATE: er /94 3

DDC AVAILABILITY NOTICE

This document is subject to special export
controls and each transmittal to foreign
governments or foreign nationals may be
made only with prior approval of Commanding
Officer, Fort Detrick, ATIN: SMUFD-AE-T,
Frederick, Md. 21701.

DEPARTMENT OF THE ARMY
Fort Detrick
Frederick, Maryland

L




AN INFECTIOUS SUSTYPE OF THE NATURE OF
RIBONUCLEIC ACID FROK BRAINS OF MICE INFECTED
WITH YELLOW FEVER VIRUS ,

(Received é2 May 1962)

[Following 1s a translatlon of an article by .

G, Nellsen and J. Marquardt, of the Bernhard-
Nocht-Institut flir Schiffsund Tropenkrankheiten
(Bernhard Nocht Institute for Ship and Tropi. - @
cal Diseases), Hamburg (Director: Dr, E. G, '
Nauck), Abteilung fUr Virusforschung (Virus = .
Research Sectlion) (Section Head: Dr. D, Peters),
dedicated to Dr. E. G. Nauck on occasion of his
65th birthday, in the German-language periodi-

cal Archiv flir die Gesamte Virusforschung

(Archives Tor General Virus Researoh), Vol XII,

No 3, 1962, pages 335-345.,] =~ =

- During the past year, phenol extraction, described
by Glerer and Schramm (1l4) [numbers in parentheses refer to
items in the appended bibliography], repeatedly proved its
value in isolating infectlous nuclelc acids from material
containing virus, The first effective preparation from a
- representative of the arthropod-borne virus group B was

reported by Colter and others (10) for West Nile virus.
Further results were then made known in rapld sequence for
Murray Valley fever (1, 5), Japanese B encephalitis (22, 23), -
dengue (2, 22) and tick encephalitis (25, 26), _

It had heocome evident in morphological studies of
cell Infeation with yellow fever virus that the formation
of intracytoplasmlc areas contalning ribonuclelc agid ocours;
the virus speoificity of these areas 1s detectable with the
lmnunofluorescent teat, In the present study, a report is
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made on the iaolationiof an infectious subtyﬁe of an RNA
nature from a raw suspension of yellow fever virus by means
of phenol extraction. . ‘

PROCEDURE

‘a. Virus

We used for the present studies a highly neurotropic-
1y adapted yellow fever virus strain (Asibi neurotropic,
Amsterdam Tropical Institute), The virus was continued on
suckling mice from its 363rd intraserebral passage in young
mice. The 15th and 16th passages were the original materie
al for all the experiments.

' Two to four dag-old suckling mice were infected in-
tracerebrally with 103 to 104 LD5g, After appearance of the
disease symptoms the animals were killed by decapitation,
their brains were removed sterilely and poured into flasks
as a 504 homogenization in Earle's buffer (pH 7.2) + 10%
calf serum and were preserved at -70°C, until extraction.

- b, Production offthe Nucleic Acid Preparations
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- adding buffer; thisg suspension, after besing homogenized in

_A;;ér thawing, & 10% brain;éuspe531on'1s~producedfby

a Potter-Elvejhem apparatus, is centrifuged first at low .
Siand finally at high speed (45
mins, at 10,000 RPM), The residue 1s shaken out three times
with 804 agqueous phenol in imitation of Glerer and Schramm -
(14), first with an equal volume of phenol (8 mins,.), then
with half volume (5 mins,) and finally with one fourth of
the volume (3 mins,) of phenol. Aqueous and phenol phases

'ﬁ'were separated by six minutes of centrifugation at 6,000
- REM,  Phenol left over in the aqueous phase 1is removed by

means of shaking out three times with abundant ether, After -
separation of the phases,:.the ether was driven out by ine

- .troduoing nitrogen. Work-up took place at 0° to 4° ¢,
‘o.-Inféotiositx'Teéts '

- Virus suspension and jhenol extraots were inooulated

| intracerebrally in suckling mice after a logyo dilution.

In order to equalize variations depending on the animal, all
the experimental mice in one experiment were mixed specifical=

-1y and eight suokling mice were returned arbitrarlly to the

mother animals. The inooulation dose amounted to 0,02 ul,
per animal, For purposes of computation, animals that dled
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from four to 10 days after the infectlion were used exclu-

sively. The infectlosity titers were coumputed with K&rber ]

method (17) with the ald of tables from Lorenz (20) [See
note]. To equalize the dilution (10%) the initial concen-

~trations of the phenol extracts were inserted in the compu- ‘

tation as a 10% dilution,

([Note:] We thank Mathematics Diplomate [Dipl. math ]
R. J. Lorenz (Federal Research Institute, Tlbingen) for
having been so kind as to give us a copy of the tables set
up by him.)

d. Biochemical Determinations

RNA was determined with orcin in accordance with
Ceriotti's (9) method, after first precipitating with al-
cohol, . The detectlion of small amounts of protein occurred
with the aid of the biuret. test according to Schuster and
others (24), The phenol extract was dlluted with phosphate
buffer 1320 for .UV spectrophotometric measurements and was
measured in a Zelss M4Q spectrophotometer in 1 cm, quartz
cuvettes with an M/2 phOSphate buffer (pH 7.1).

e. Enzmes

" Trypsin inhibitor (2x crystallized from soy beans)

" and ovomucold, WOrthinston.,

Abbreviations: ribonucleic acid = RNA; deoxyribo-
nuclelc acid =DNA; ribonuclease = RNase; deoxyribonuclease
DNase,

RESULTS

~Infeotiositx¥of the Phenol Extracts

 An infectious prinoiple could normally be 1solated
from mouse brains infected with yellow fever by means of
extraction with cold phenol, This principle differs in

‘many respects from the infectious activity of the oerebral

homogenization,

The phenol extracts oonteined on the average, 0.8
t0o 1.0 mg of RNA per ml, Preoipitation with ethanol was
accomplished before determination, in order to produce an
orcin reaction without turbulence and to eliminate smaller
RNA fragments, The ratio of absorption at 280 o to
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absorption at 260 mpt was 1:2,02 in the UV spectrophoto-
‘metric measurement, The biuret test made according to
-Schuster and others (24) came out negative; therefore,
the proteln content of the extracts was under 50y per ml.
0,02 _ml of the phenol extracts contained 2,7 X 102 to 1.5
X 103 LDgg, which corresponds to about 1/30,000 of the
original infectiosity (Table 1). With respect to equal
infectlosity doses of phenol extract and original virus,
- there was extreme agreement in the time course of the
dlsease symptoms and the death rates, In a neutralization
- experiment in the presence of yellow fever lmmune serum-
- [see Note], infectious cerebral homogenizations from phenol
extract and original viruc passages behaved in the same way.

([Note:] We are much obliged to Dr. Schindler, Hamburg

Troplcal Institutes, for having given us yellow fever immune .
monkey serum., ) : o B :

TABLE 1. Infectlosity of Original Virus and RNA Fraction

o 7 ‘ ’ LDso (log) per 0,02 ml
- Experiment number 103 104 109 II2 II% 115 118

Original Virus — 6.84 7.45 7.50 7.35 7.36 7.50 7.38
Y - R I e =
| RNA fraction - 2,75 2,50 3,17 2,17 2.50 2.43 3.13

, The finding that after treatment with phenol only
about 0,03% of the original infectiosity can be recovered,

" requires a further characterizatlion of the infectious agent
in comparlison with the original virus, It is known from
earlier studies (3, 4, 26) that the behavior of infectious
ptienol extracts exhibits fundamental differences, in com-
parison with the untreated virus, in the presence of enzymes,
aloohol, temperature effects, etc, ‘

Differentiation by Meaﬁs,ot‘Nuoleasas

- Phenol extracts and cerebral homogenlzations were
mixed with antibiotlios, were regulated in equal volumes to
100 tc 300 LDs0 per 0,02 ml and inoubated at 00C, after the
addition of 0,1 vol, of enzyme solution, This suboptimal
temperature for enzymatlc action was chosen .in order to
avoid thermal damage to the phenol extracts,

Table 2 shows the results of treatment with DNase
and RNase, The death rate of mice that had been infected
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with virus susPensidns treated with enzymes remains unchange

ed in comparison with conirol experiments, In conirast with
this, the infectlosity of the phenol extract can be increas-

}‘ ed already with 0,01y per ml of RNase. The phenol extracts

proved to be very stabile, on the other hand, with DNase
treatment (in the presence of 0,003 mol Mgs04).

TABLE 2, Infectiosity of Original Virus and RNA
Fractlion Beforeand After Treatment with

1Deq (iog) ver 0.02 ml

Ex- Original Virus RNA Fraction

peri- Original +RNase¥® +DNase#¥ (riginal +RNase##¥ +Dnasewi
ment : '

103 6.84 7.40 7.35 - 2,75 0 2.50
104 T.45 - 7.50 - 2,50 0 .
114 7.63  T.63  7.50 2,50 0 2,46
115 7.50 © T.43  7.55 243 0 2,60

" # 10 to 100'y per ml of RNase, 0° C., 10 to 90 mins,
## 1 to 10 y per ml of DNase, 0°c.6 90 mins,
### 0,01 to 10 y per ml of RNase, 0° C., 5-60 mins,

In conformity with the procedures outlined above,
specifically equal infectlosity doses (100 to 300 LDs50 per
0,02 ml) of the pherol extract were mixed with graduated
RNase concentrations and the effect was examined at incubae
tion times of various lengths, in order to determine the
winimal effeotive dose of enzymes, A speciflc litter of
mice was used for each concentration and time, The effect

- was indiocated by the proportion of the number of dead mice

to mice used,

The effeot of this series of studles of graduated
enzyme concentrationa and incubation times is shown in Table
3 (columns 1 and 2), In spite of the high admixture of cell
RNA, the phenol extracts are already lnactivated within 5
to 10 minutes with 0.017 per ml of enzyme,
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L , Effect of Proteases

; Studies directed toward the action of trypsin had
shown unexpectedly that this enzyme also makes it possible
to inorease the infectliosity of the phenol extracts, but
not of the intact virus. In order to arrive at an explana-

“tion of the way in which it acts (possible RNase contamina-
tion), a series of experiments were undertaken to determine
the minimal dose of the enzyme, Table 3 (columns 3 to 6)
indicates that 1.0y per ml of trypsin Increases the ine
fectiosity of the phenol extract within 5 minutes, where-
as chymotrypsin remains without effect on phenol extract
and original virus, even with a higher concentration,
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According to M, Laskowski and M, Laskowski, Jr, (18),
an equimolar addition of irypsin inhibitor or ovomucoid
should quickly reduce the trypsin activity, Therefore,
we attempted to gaim further insights into the way in
which trypsin acts by experimenting with an inhlbited en-
z2yme (Table &), Even after increasing the inhibitor cone
centration we saw no difference in action in comparison
with uriblocked trypsin., Under the assumptlion thet trypsin
also enters into an inactive, reversible addition compound

with the infectious RNA (15), we treated the enzyme-substrate

complex again with phenol, The infectiosity, however, re-
malned raised, while a control extraction did not impair
the activity or the 1nfectious RNA.

TABIE 4, Action of Trypsin and Trypsin Inhibitors
on the RNA Fraction

Enzyue Action Death Rate
ml Inhlbnqr Time, wins., of Mice

‘rrypun 1.0 - 15 0/8
o.1; - | 15 8/8

Ovomucold; 60
Trypsin 1.0y 4yp. ml, 60 mins, 60 o 0/8

L - Trypsin inhibitor 30
Irypsin 1.0y  2yp. ml, 39 ninsi 30 ' %
’ 8/8
/B

e _ Trypsin inhibiter; 30
‘rrypun 1 oy _ IOy_p. al, 30 mins, 30

mu mouon tut z.n;o 103.17 por o.oe ul. E

uon of Bt "1 ucoho R

tdamtod 10 the test range and this wvas centrifuged at low

d, The sediment vas o.boorbod asun na oq\nl. volume _

buttu' and n:oouhud. R
m rnnln of prooipinuon uth cthanol px-ountad

1t Table 5 show differences in the bebavior of & Fav sus- -
ponuon ot unn and a phnnol o:tuot. tv_u & 10,000 times

%wo vol, of othmol were added at O° G, to tho .
1uuona of yellow fever virus nulpennion ‘and phenol extracts =

B N




highor infecting dose in the virus suspension is inactivated
by alcohol, while precipitation and putting in suspension
again remained without perceptible reaction on the infectl-
osity. ’

Action of Temperature Effects

Preparations of raw suspeasions of virus and of
phenol extracts in equal doses are exposed to the tempera-
ture conditions shown in Table 6, Treatment lasting 30 mins,
at +600C, increases the infectiosity of virus and extract,
while incubation for 60 mins. at 370 C, is tolerated. The
phenol extract turns out to be thermostabile only at ~70°C,
within the fourteen day observation period.

TABLE 5. Behavior of Original Virus and RNA Fraction
in the Presence of bthanol

LDs0 (logrper 0,02 ml,

_Experiment 109 114 116
Virus, untreated ' 7.50 7.63 7.87
Virus + ethanol | 0 0 0
RNA fraction, untreated 3,17 2,57 2.67
RNA fraction + ethamol  2.85 = 2.38 2.45

_After coucentration . == == 3,38
o
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TABLE 6, Effect of Temnerature on Orizinal Virus
and RNA Fraction

LD30 (los) per 0,02 ml

Experi- Temperature

ment Action Before Treatment After Treztment
°¢. Virus RNA rraction Virus RNA Fraction
109/11 -70°;14 days 7.50 3.17 7.45 2.75
114 -20°;14 days 7.63 2.50 6.87 0
~709;14 days 7.63 2.50 7.65 2.38
115 +37°9;60 mins. 7.50 2.43 7.28 2.45
+60°:30 mins., .7.50 2.43 o 0
116/  -709;14 days 7.87 3.38 7.56 3.75
117

Action of Serum and Globulin

We found,in agreement with other authors (3, 4, 11,
21, 25, 26), that phenol extracts lose their infectiosity
extraordinarily easily when they are mixed with serum, The
RNase content of the serum (3, 4, 16) is held responsible
for this reaction., Immune globulin preparations produced
by precipitation are supposed to lose the inhibitory action

of serum, while the virus suspensions remain completely
neutrallzable. - - o e

By adding an egual_ydlumerqf saturated (NH4}§SO4 -
solution to normal and hyperimmuné monkey serum, the glo=-.

L bulin oomponent was precipitated, After washing out with
a 504 (NH4);SO4 solution, we abscorbed the sedimented precle -

~ pitate In 2/3 of the original vulume of phosphate buffeéred
" (M/100) physiologiocal NaCl -solution and dialyzed It with .

the same buffer until the dlsappearance of sulfates;biFdnf,g
the neutrallzation tests, equal infectiosity doses (200 to

400 LD5p per 0.02 ml) of virus suspemnsion or phenol extract

were mixed in equal parts with precipitating globulia dilu-

tions, were left for 30 minutes under refrigeration with
occasional agltation and subsequently were inoculated,

10- -
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{f'chymotrypsi ;aaen noé'inhibit RNA arguas in favor of this

While the infectlosity of the virus suspension was
neutralizable exclusively by means of immune globulin, the
phenol extracts were inhibited with normal and imamune 31lo-
oulin, Dilution of the globullns (>1:128) reduced the
inhibitory action., A repetition of the experiments dis-
pensing with a particular action time of the globulins
(mixing the reaction components in the injection syringe)
confirmed the result.

DISCUSSION OF THE RESULTS

Previous studies (2, 5, 11, 22, 23, 25) had shown
that the infectlosity of several viruses of the arihropod-
borne group 3 1s connected with a subtype of an RNA nature,
It could be assumed from the fact that it belongs to these
viruses and from earlier histo-chemical studies (7) that
the yellow fever virus 1s to be classified under RNA viruses,
It was possible to confirm this supposition by means of the
successful production of an infectlous RiNase labile product
alfter phenol extraction from raw susPensions of virus,

In agreement with other authors, we deeisnate this
fraction as "infectious ribonucleic acid."” The problem of
other substances found in the extract that are possibly
significant for the action must remain open. The fraction
turned out to be free of proteins when it was tested with
the usual methods of analysis. The infectiosity (1/30,000
of the original virus) present in the phenol extract pro-
bably was not caused by an intact virus, since such a virus
is enzyme-stabile in the presence of infectious RNA. The

difference in titer that we observed between BNA and the
origlinal virus agrees with the results of other experiments,

Colter and Ellem (12, 13) substantiate this fact that only

5 partial amount of th@ infectious RNA comes into actioun,

Thoe inactivation .ol releasable RNA by means of trypsin is
unexpeésted and umexplained in 1t8 peculiarities.- Bachrach

. (6) reported a similar finding for the- RNA of the hoof and

mouth disease virus, There 1s a further observation 115)

. -ou'a DNA preparation from &X 174 phages., This effect »
-~ _probably cannst be atiribuied to a proteolytic action of N
“% . trypsin, singe tue sdditien;of irhibitors ‘had no effect ~ "

.. on the inactivating action of the enzyme.- -The fagt that

| 5 “be inferred from the doae-action re.mtionship\
gf of tha enzymes 1ndioatad_1n Table 3 %hat the t“ynsin used

TR ‘V
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<:) rust have contained at least 29 of RNase as an impurity,
and that an RNase action was probably responsible for the
inactivation, Ve are not familiar with data that might
support the assumption of sueh a high Rlase contamination
of highly purified trypsin, The role of trypsin in the
inactivation of DNA phazec was able to be explalned by

- Guthrie and Sinsheimer (15). They found that nucleic acid

and enzyme protein combine in an additlion compound with loss *
of infectiosity. Until now there have been no studies of
this nature for ribonucleic aclds, The inactivating action
of RNase-~free proteins established by Colter and Ellem (10,
14, 15) in Mengo virus RNA could, however, probably let
this unspecific enzyme type of reaction appear to be possible.

Intact virus and infectlous RNA reacted differently
to precipitation with ethanol. While the RNA was not af-
fected by preciplitation, the virus was entirely inactivated,
There are agreeing results for the tick encephalitis virus

obtained by Sokol and others (25, 26). They suspect that

the inactivation occurs in the presence of the MM virus (19)
due to the direct action of alcohol.

Yellow fever virus, like most of the arthropod-borne
B viruses, 1s thermolabile, This may explaln why we failed
to dlscover greater differences in the temperature behavier
: , -of untreated virus and infectious RNA. The RNA remains
"stabile for several weeks only at =70° ¢, Similar findings
were reported for Murray Valley Fever (4) and the tick
encephalitis virus (26).

Neutralization studles on RNA preparations require
the removal of the RNase serum., Alexander and others (3)
obtained, by means of precipitation, globulins that had
no more effect on infectious polio RNA. On the other hand,
Mussgay and Strohmayer (21) established inhibitory actions
of homologous and heterologous immune globulins in hoof
and mouth disease RNA, just as Sokol and others (25) did
for tick encephalitis RNA. In our experiments, the infec=
tiosity of the RNA was increased,: lndependently of the dura-
tion of the action, both yith normal and immune glcbulia:
intact virus was neutralizable énly with immune globulin, g
The decision on whether the globulin action observed by ‘
us is the cause of the protein,inhibition of infactious
RNA desoribed by Colter and Ellem (14, 15), must remain -
open, in view of the diffioulty 1n dealwns wﬁth the small-, ,
est RNase oontaminations. - »
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The present experlments were performed on 1little
purified raw suspensions of virus. Further experiments
will probably explain whether the infectious RNA results
from the virus itself or from 1its vegetative first stages
in the host cell.

SUMARY

Ribonucieic acid, with a 0.03% infectlosity of the
original virus, was obtained by phenol extraction from the
brains of mice infected with yellow fever., The preparation
displayed the UV absorption that is characteristic of nu-
cleic acids. Protelin admixtures were not detectavle with
the bluret test, Rilbonuclease, trypsin and also serum glo-
bulin inhibited the infectliosity. Deoxyribonuclease, chy-
motrypsin and ethanol were without effect, The inhibitory
action of trypsin is discussed.

We thank Dr, D, Peters for his helpful interest in
our work and Miss U, Lehmann for her excellent technical
assistance.

The present studies were conducted with the support
of the Deutsche Forschungsgemeinschaf't (German Research
Society).
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