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&I INFECTIOUS-SUBTYPE OF THE NATURE OF
RIBONUCLEIC ACID FROM BRAINS OF MICE INFECTED

(Received 22 May 1962)

[Following Is a translation of An article by-
G. Neilson and J. Marquardt, of the Bernhard-
Nocht-Institut f~r Schiffund Tropenkrankheiten
(Bernhard Nocht Institute for Ship and- Tropi-
cal Diseases)- Hamburg (Director: Dr. E-. G.
Nauck), Abteilung ffh' Virustorsahung (Virus
Research Section ) (Section Head: Dr. D4 -Peters),
dedicated to Dr. E.-G. Nauck on occasion of hi s
65th birthday, In the German-language periodi1-
cal Archiv fMr-die Gesamte Vir'usforschunia
(Archives for General Virus Research),VlXI
No 3. 1962, pages 335-345,,] ~ VlX

During the past year phenol extraction, described
by Glerer and Schramm 1(14) Lnumbers In parentheses refer to
Items in-the appended bibliogr-aphyl-, repeatedly proved Its
value in Isolating Infectious, nucleic aci.ds from material
containinS 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 rapid sequence for
Murray- Valley fever (1, 5), Japanese B enoephalitis (22, 23),
dengue (2, 22) and tick encephalitis (25, 26).

It had become evident In morphological studies of
cell Infection with 'yellow fever virus that the formation
-of intracytoplasmic areas containing ribonuleia aid occurs;
the virus-speoliicty of these areas Is detectable with the
imminofluoresoent test. In the present study, a report is
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made on the isolation of an infectious subtype of an RNA
nature from a raw suspension of yellow fever virus by means
of phenol extraction.

PRO CEDURE

a. Virus

We used for the present studies a highly neurotropic-
ly adapted yellow fever virus strain (Asibi neurotropic,
Amsterdam Tropical Institute)4 The virus was continued on
suckling mice from its 363rd intraaerebral passage in young
mice. The 15th and 16th passages were the original materi-
al for all the experiments.

Two to four day-old suckling mice were infected in-
tracerebrally with 103 to 104 LDso. After appearance of the
disease symptoms the animals were killed by decapitation,
their brains were removed sterilely and poured into flasks
as a 50% homogenization in Earle's buffer (pH 7.2) + 10%
calf serum and were preserved at -700C. until extraction.

b. Production of the Nucleic Acid, Preparations

0 After thawing, a 10% brain suspension is produced by
adding- buffer; this suspension, after being- homogenized In
a Potter-Elvejhem apparatus is oentrifuged first at low
.spe-ed (10 mine. at, 3000 RPKS and finally at high speed (45
mine. at 10,000 RPM). The residue is shaken out three times
with 80% aqueous phenol in imitation of Gierer and Schramm
(14), first with an equal volume of phenol (8 mins.), then
with half volume (5 mine.) and finally with one fourth of
the volume (3 mine.) of phenol. Aqueous and phenol phases
were separated by six minutes of centrifugation at 6,000
RPM. Phenol left over In the aqueous phase is removed by
means of shaking out three times with abundant ether. After
separation of the phases,,the ether was driven out by in-
troducing nitrogen. Work-up took place at 00 to 4 0.

o. Infeatiosity Tests

Virus suspension and phenol extracts were inoculated
intracerebrally in suckling mice after a log1o dilution.
In order to equalize variations depending on the animal, all
the experimental mice in one experiment were mixed speciflcal-
ly and eight auckling mice were returned arbitrarily to the
mother animals. The inoculation dose amounted to 0.02 ml.
per animal. For purposes of computation, animals that died
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0
from four to 10 days after the infection were used exclu-
sively. The infectiosity titers were computed with KArber's
method (17) with the aid 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 [i D. math.]
R. J. Lorenz (Federal Research Institute, Tdbinge fo- "
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 a!-
cohol. The detection of small amounts of protein occurred
with the aid of the biuret test according to Schuster and
others (24). The phenol extract was diluted with phosphate
buffer 1:20 for UV spectrophotometric measurements and was
measured in a Zeiss M4Q. spectrophotometer in 1 cm. quartz
cuvettes with an M/2 phosphate buffer (pH 7.1).

e. Enzymes

0 Trypsin inhibitor (2X crystallized from soy beans)
and ovomucoid, Worthington.

Abbreviations: ribonuoleic acid = RNA; deoxyribo-
nucleic acid =DNA; ribonuolease = RNase; deoxyribonuolease =
DNase.

RESULTS

Infeotiosity of the Phenol Extracts

An infectious principle could normally be isolated
from mouse brains infected with yellow fever by means of
extraction with cold phenol. This principle differs in
many respects from the Infectious aotivity of the cerebral
homogenization.

The phenol extracts contained, on the average, 0.8
to 1.0 mg of RNA per ml. Precipitation with ethanol was
accomplished before determination, in order to produce an
oroin reaction without turbulence and to eliminate smaller
RNA fragments. The ratio of absorption at 280Otv to
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0 absorption at 260 mj 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 protein content of the extracts was under 50 r per ml.
-0.02 ml of the phenol extracts contained 2.7 X 102 to 1.5
x 103 LD50, which corresponds to about 1/30,000 of the
original infectiosity (Table 1). With respect to equal
infectiosity doses of phenol extract and original virus,
there was extreme agreement in the time course of the
disease symptoms and the death rates. In a neutralization
experiment in the presence of yellow fever immune serum
[See Note], infectious cerebral homogenizations from phenol
extract and original virur passages behaved in the same way.

([Note:] We are much obliged to Dr. Schindler, Hamburg
Tropical Institutes, for having given us yellow fever immune
monkey serum.)

TABLE 1. Infectiosity of Original Virus and RNA Fraction

LD50 (log) per 0.02 ml
Experiment number 103 0 1 09 112 ±I4 N 115 116

Original Virus 6.84 7,45 7.50 7.35 '7.36 7.50 7.38

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 characterization of the infectious agent
in comparison with the original virus. It is known from
earlier studies (3, 4, 26) that the behavior of infectious
phenol extracts exhibits fundamental differences, in com-
parison with the untreated virus, in the presence of enzymes,
alcohol, temperature effects, etc.

Differentiation by Means of Nuoleases

Phenol extracts and cerebral homogenizations were
mixed with antibiotics, were regulated in equal volumes to
100 to 300 LD5o per 0.02 ml and incubated at 00C. after the
addition of 0.1 vol. of enzyme solution. This suboptimal
temperature for enzymatic 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 suspensions treated with enzymes remains unchang-ed in comparison with control experiments. In contrast with

this, the infectiosity of the phenol extract can be increas-
ad already with O,01 y per m-l of RNase. The phenol extracts

proved to be very stabile, on the other hand, with Dase
treatment (in the presence of 0.0603 mol MgS04).

TABLE 2. Infectiosity of Original Virus and RNA

Fraction Before-and After-Treatment with
Nucleases

LDrO (log) per 0.02 ml

Ex- Original Virus RNA Fraction
peri- Original +RNase* +DNase** Original +RNase*** +Dnase**
ment

103 6.84 7.40 7.35 2.75 0 2.50

104 7.45 7.50 -- 2.50 0 --

114 7.63 7.63 7.50 2.50 0 2.46

115 7.50 7.43 7.55 2.43 0 2.60

* to 100- per ml of RNase, 00 C., 10 to 90 mins.
** 1 to 10 y per ml of DNase, 00C. 90 mins.

*** 0.01 to 10 T per ml of RNase, 0 C., 5-60 mins.

In conformity with the procedures outlined above,
specifically equal infectiosity doses (100 to 300 LD50 per
0.02 ml) of the pherol extract were mixed with graduated
RNase concentrations and the effect was examined at incuba-
tion times of various lengths, in order to determine the
minimal effective dose of enzymes. A specific litter of
mice was used for each concentration and time. The effect
was indicated by the proportion of the number of dead mice
to mice used,

The effect of this series of studies of graduated
enzyme concentrations and incubation times is shown in Table
3 (columns 1 and 2). In spite of the high admixture of oell
RNA, the phenol extracts are already inactivated within 5
to 10 minutes with 0 . 01 r per ml of enzyme.

O-5
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Effect of Proteases

Studies directed toward the action of trypsin had
shown unexpectedly that this enzyme also makes it possible
to increase the infectiosity 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 1.0 per ml of trypsin increases the in-
feotiosity of the phenol extract within 5 minutes, where-
as ohymotrypsin remains without effect on phenol extract
and original virus, even with a higher concentration.

0 -..
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According to K,. Laskcowski and 1M. Laskcowskci, Jr. (18),
an equimolar addition of trypsin Inhibitor or ovomucoid
should quickly reduce the-trypsin activity. Therefore,
we attempted to gain further Ins ights Into the way In
which trypsin acts by experimenting with an inhibited en-
zyme (Table 4). Even after increasing the Inhibitor con-
centration we saw no difference in action In comparison
with wi'blocked trypsin. Under the assumption thait trypsin
also enters Into an Inactive, reversible addition compound
with the Infectious RN1A (15), we treated the enzyme-substrate,
complex again with phenol. The infectiosity,, however,, re-
mained raised, whil, a control extraction did not Impair
the activity of the Infectious RNIA,

TLE4. Action of Ty inadTpsn Inhibitors

on the RNA Fraction

Enzyme Action Death Rate
al Inhibitor 2ime. mins. of Mice

Trypsin l.Oy -- 15 0/8
0.1y- 15 8/8

Ovomuaoid; 60 8/8
?z'ypea 1.0) 4Y P. al. 60 mins. 60 0/8

- frypsin Inhibitor; 308/

frypin.0) lo2y p. ls 30 mls* 30 0/8

- ~Trypsin Inhibitor; 30 a/8

RNA fraotlou test Llk~ 10.7 per .0.02 ml.

AGtion of EthrlAlooholato .otedi
Two vol. of ethasnol wradda 0 . oAedm

lutions of Yellow fever virus suspension and phenol extraots
adjusted tolthe teost rang and 01is was etrifugeld at. low

8.The sedimet Wes absorbed aginu In & equal VOXVme
bufrand In*"*atd.

Tiresultso of olpiainwt tao rsne
it Table 5 show differeos inL Uhe behavior of a raw sue.-
pension Of 'VIrM and ap eno etraot. E2en a.10.000 tftmes



O higher Infecting dose in'the virus suspension is Inactivated
by alcohol, while precipitation and putting in suspension
again remained without perceptible reaction on the Intecti-
osity.

Action of Temperature Effects

Preparations of raw suspealsions of virus and of
phenol extracts In equal doses are exposed to the tempera.
tur'e conditions shown in Table 6". Treatment lasting 30 mins.
at +600C. increases thie infectiosity of virus and extract,
while Incubation for 60 mina. at -370 C. Is tolerated. The
phenol extract turns out to be thormostabile onaly at -700C.
within the fourteen day observation period.

TABlE 5. Behavior of Original Virus and RNA Fraction
in the Presence o? Ethanol

_______________LD5o -(log per_0.02_mi.

Expriment 109 114 116

Virus, untreated 7.50 7.63 7.87

0Virus + thanol 0 0 0

RNA fraotion*, untreated 3.17 2.57 2.67

RNA fraotion + ethanol 2.85 2.38 2.45

After concentration -- 3.38



TABL.E 6. Effect of' Tempnerature on Original Virus
and RNA Fraction

LD;5Q (loS) per 0.02 ml
Experi- Temperature
ment Action Before Tr'eatment After Treantment

0C. Vir00sNA Faction Virus PfiA 'ractilon

109/11 -700;14 days 7.50 3.17 7.45 2.75

114 -200;14 days 7.63 2.50 6.87 0
-7c0;14 days 7.63 2.50 7.65 2.38

115 +370;60 mins. 7.50 2.43 7.28 2.45
+600;30 mins. .7.50 2.43 0 0

116/ -700;14 days 7.87 3.38 7.56 3.75
117

Action of' Serum and Globulin

0We found,in agreement with other authors (3, 4, 11,
21, 25v 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 preoarations 'Droduced
by precipitation are supposed to lose the inhibitbry action
of' serum, while the virus suspension rmincopetl
neutralizable.

By adding an equal -volume of' saturated (NH4}2 04
solution to normal and hyperimmune monkey serum, the glo-
bulin component-was precipitated._ After washing-, out, with
a 50% (NH4) S04 solution,-we absorbed the sedimented preci-
pitate in 2 3 of' the original vululme of' phosphate._bluffered
CMi/10) physiological NaC.-solution and dialyzed-it with
the same buffer until the disappearance of sulfates,:. For
the neutralization tests, equal infectiosity doses (2060 to
400 LD50 per 0.02 ml) of viru3 suspension or phenol extract
were mixed in equal parts with precipitating globulin dilu-
tions, were left for 30 minutes under refrigeration, with

Foccasional agitation and subsequently were -noculated,.



Wehile the infectiosity of the virus suspension was
neutralizable exclusively by means of immune ilobulin, the
phenol extracts were Inhibited with normal and immune Slo-
bulin. Dilution of the globulins (>1:128) reduced the
Inhibitory action. A repetition of the experiments dis-
pensing with a partIcular action time of the globulins

* (mixins 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 infectiosity of several viruses of the arthroDod-
borne group B is connected with a subtype of an RNI 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 is to be classified under RNA viruses.
It was possible to confirm this supposition by means of the
successful production of an infectious RNase labile product
after phenol extraction from raw suspensions of viru-s.

In agr'eement with other authors, we designate this
fraction as "Infectious ribonucleic acid." The problem of
other substances found in the extract that are possibly0 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 infeotiosity (1/30,000
of the original virus) present in the phenol extract pro-
bably was not caused b~y an intact virus,-since such a virus
is enzyme-stabile in the presence of infectious RNA. The
difference in titer that we observed between RIA and the
original virus agrees with the results of other experiments,
Colter and Ellem (12, 13) substantiate this fact that only
a. part-al amount of the infectious RNA comes into action,

rThe inactivation Df re-leasable RNA by means of trypsin is
Unexpented and utrexplained- In -It~t peculiarities-,- Bachrach

moi~th disease virus. There is a furthe obevton 15)-a DA pepaaton fLo 01 174 phages, Thia effee.t
(6) rporte a a~ilar inding fo -rteRAof the ha o and

probably cann>t be att~ e to apooJtiacin of
typsin, sina -the diiofinhibitors had no effect

--~-on the iiiaalvatji ation of the enzyme.- The faoqt that
0ymoi1fVeV oInhj-bit RN-A -argues in qchyori-q- ein-i avo of this_

opinlont -

Ican be p ered fri teda-cinrat-i hi-p-
-of thel onzymea ind~oat in Table 3- that- the- trypsin -used
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must have contained at least 27 of RNase as an impurity,
and that an RNase action was probably responsible for the
inactivation. We are not familiar with data that might
support the assumption of such a high RNase contamination
of highly purified trypsin. The role of trypsin in the
inactivation of DNA phages was able to be explained by
Guthrie and Sinsheimer (15). They found that nucleic acid
and enzyme protein combine in an addition compound with loss
of infectiosity. Until now there have been no studies of
this nature for ribonucleic acids. 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 infectious RNA reacted differently
to precipitation with ethanol. While the RNA was not af-
fected by precipitation, 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 MR virus (19)
due to the direct action of alcohol.

Yellow fever virus, like most of the arthropod-borne
B viruses, is thermolabile. This may explain why we failed

* __ to discover greater differences in the temperature behavior
-of untreated virus and infectious RNA. The RNA remains
stabile for several weeks only at - 7 00 C. Similar findings
were reported for Murray Valley Fever (4) and the tick
encephalitis virus (26).

Neutralization studies 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, independently of -the dura-
tion of the action, both with normal and immune globulin;

intact virus was neutralizable Oly with immune gobulin.The decision on whether the glo-Ijulin Action observed by.[!

us is the cause of the protein inhibition of infectious
RNA described by CoIter-and Ellem (14,j 5), must remain
open, in view of the difficulty in, dealing with the !small-
eat RNase oontamin~tions.

_" 0 ....



The present experiments were performed on little
purified raw suspensions of virus. Further experiments
will probably explain whether the infectious RNA results
from the virus itself or from its vegetative first stages
in the host cell.

S LTI 1Aq Y

Ribonucleic acid, with a 0.03% infectiosity 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. Protein admixtures were not detectable with
the biuret test. Ribonuclease, trypsin and also serum glo-
bulin inhibited the infectiosity. 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 support0 of the Deutsche Forschungsgemeinschaft (German Research
Society).
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