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Fig. 2. Rate of isomerization and hydrol-
ysis of 2'-O-(N-acetylvalyl)-adenosine as
a function of pH at 15°C. The solid lines
are calculated from the second-order rate
constants given in the text.

during the isolation of the aminoacyl
adenosine. If it is assumed that amino-
acyl migration will show the same pH
dependence as does the hydrolysis of
aminoacyl sRNA (70), then we feel
that so far as base-catalyzed migration
is concerned, the initial incubation con-
ditions for the present system and for
that developed by Zachau and co-
workers are very similar.

We have determined the rate of acyl
migration in 2’-O-(N-acetylvalyl)-aden-
osine under various conditions. The
band from a thin-layer chromatogram
corresponding to 2’-O-(N-acetylvalyl)-
adenosine (containing C* in either the
acetyl or the valyl group) was scraped
off and eluted with 0.01M formic acid.
The sample was divided into a num-
ber of small tubes, lyophilized to re-
move the volatile (formic acid) buffer,
resuspended in appropriate buffer, and
incubated at 15°C. Portions were re-
moved at intervals, the volume of each
was reduced, carrier N-acetylvalyladen-
osine was added, and the sample was
again chromatographed. The first-order
rate constants for migration k:(obs)
were obtained from a graph where log
[percent 2’ (obs) — percent 2’ (eq)]
was plotted against time for each pH
value. Figure 2 shows a graph of the
ki(obs) values plotted as a function of
pH. The rate dependence demonstrates
that, at least over the range of pH 5 to
to pH 7, migration is base-catalyzed
and exhibits a strict dependence on
hydroxide-ion concentration. Also plot-
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ted in Fig. 2 are the k:(obs) values
for the base-catalyzed hydrolysis of 2’
(or 3'-)-O-(N-acetylvalyl)-adenosine at
15°C (7). The second-order constants
for the two rate equations at 15°C are:
rate = k. [2' (or 3'-)-O-

(N-acetylvalyl)-adenosine] [OH]
k2(obs) migration = 3,600,000 M-*min~*

k.(obs) hydrolysis = 89 M™min*

The ratio of the k:(obs) for migration
to the k: for hydrolysis is 40,000. This
ratio is considerably higher than the
ratio of the base-catalyzed migration
to the base-catalyzed hydrolysis of g-
glycerol acetate (6). Presumably this
high ratio reflects the more favorable
steric arrangement of the cis hydroxyl
groups of adenosine for acyl migra-
tion (6, 11).

The similarity of the mechanism of
migration (intramolecular alcoholysis)
to alcoholysis and to hydrolysis (12)
suggests that the aforementioned ratio
of the rate of migration to the rate of
hydrolysis may be used to obtain the
t: (half-life) of migration for amino-
acyl SRNA from the #: of hydrolysis
of various aminoacyl sSRNA molecules
(13). In this way the values for #:(obs)
of migration at pH 7.25 and 37°C are
estimated to range from 0.01 second
for glycyl sRNA to 0.1 second for
valyl sRNA. This very rapid migration
to the equilibrium mixtures of 2’- and
3’-acyl isomers suggests that in the cell
the pool of free aminoacyl sRNA as
an intermediate in protein synthesis is
present as an equilibrium mixture of
2'- and 3'-acyl isomers, as has also been
suggested by Wolfenden et al. (6). The
acyl migration lifetimes are less than,
or on the same order as, the estimated
lifetimes of aminoacyl sRNA during
protein synthesis (74); indicating that
migration to equilibrium must take
place in vivo. At present there is no

experimental evidence concerning the
initial site acylation of sRNA, while
studies on puromycin analogs (I5)
indicate that the 3’-isomer is used at
the ribosomal level.
CALVIN S. MCLAUGHLIN
VERNON M. INGRAM
Division of Biochemistry, Department
of Biology, Massachusetts Institute of
Technology, Cambridge
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Rubella Antibodies in Human Serum: Detection by the
Indirect Fluorescent-Antibody Technique

Abstract. Antibodies for rubella virus were detected in human serum and
titrated by the indirect method of immunofluorescence; a chronically infected,
continuous line of monkey kidney cells was used as antigen. Positive reactions
were obtained with serums from convalescent patients or persons who had been
exposed to the virus while serums from patients in the acute stage of the disease
and those from unexposed individuals were negative.

The demonstration and titration of
antibodies for rubella virus has been
dependent upon the neutralization tech-
nique which relies upon either the in-

terference of the rubella agent grown
in tissue culture with another virus,
ECHO-11 (1), or the inhibition of spe-
cific cytopathogenic activity in primary
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Table 1. Fluorescent-antibody titers of human
serums with rubella-infected and normal cells.

Serum Infected Normal
cells cells
Clinical disease
Acute : Negative
Convalescent 1:16 Negative
Acute Negative Negative
Convalescent 1:16 Negative
Acute Negative Negative
Convalescent 1:16 Negative
Acute Negative Negative
Convalescent 1:16 Negative
Acute Negative Negative
Convalescent >1:16 Negative
Convalescent >1:16 Negative
Convalescent >1:32 Negative
Subclinical
Post-exposure 1:8 Negative
Post-exposure >1:8 Negative
Post-exposure 1:16 Negative
Post-exposure >1:16 Negative
Infants
No exposure Negative Negative
No exposure Negative Negative

human amnion tissue (2). These slow
and cumbersome procedures are in
large part responsible for the limited
progress in the laboratory diagnosis of
this disease and on the evaluation of
experimental vaccines. Attempts to
demonstrate rubella virus by the direct
method of immunofluorescence have
been unsuccessful, probably because of
the difficulty in obtaining specific anti-
serum in sufficiently high titer to con-
jugate with fluorescein. Unsuccessful

Fig. 1. Rubella-associated (RA) cells
stained with fluorescein-labeled antibody
to human y-globulin by indirect technique
after a 1:4 dilution of human serum from
patient convalescing from rubella infection
(X 180).
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attempts with the indirect method have
also been reported (3). However, since
the indirect method has proved satis-
factory with certain other agents in-
cluding the enteroviruses (4) and with
measles virus (5), and since an unusu-
ally reliable source of antigen was
available, this procedure was attempted.
The devolpment of a rapid and specific
test for rubella antibodies by the indi-
rect method of fluorescent microscopy
is described here.

Serums from acutely ill and convales-
cent patients were collected at the Uni-
versity of Michigan Student Health
Service through the cooperation of the
director, Dr. Morley Beckett. Fluores-
cein-labeled goat anti-serum to human
v-globulin was obtained commercially
(6) and further purified by fractiona-
tion on a diethyl aminoetheyl (DEAE)
column. (7). After equilibration with
0.0175M phosphate buffer at pH 6.3,
the DEAE was packed into glass col-
umns under air pressure. Undiluted,
conjugated serum (15 ml) was placed
in the column (1 X 20 cm) and eluted
with sodium phosphate buffer with in-
creasing concentrations of NaCl. The
fraction eluted at 0.125M NaCl in
0.0175M sodium-phosphate buffer con-
tained the bulk of the labeled specific
globulin. A 1:16 dilution of this frac-
tion gave optimum specific reaction
and a minimum of nonspecific back-
ground stain. The source of antigen
consisted of coverslip cultures of con-
tinuous-line monkey kidney cells (LLC-
MK2) which were chronically infected
with rubella virus. This rubella-associ-
ated line of cells (RA) has been sub-
cultured for 25 generations over a
2-year period and possesses certain
biological and morphological features
which differentiate it from an unin-
fected line of the same kind of cells.
The persistence and growth curve of
rubella virus in these cells has been
described (8).

The time for removal of coverslip
cultures was critical. Cultures re-
moved during the first 3 days were
unsatisfactory because of background
nonspecific staining, as were older
cultures removed between the 8th
and 12th days after seeding. The
optimum period between the 4th and
the 7th days resulted in uniform mono-
layers of better staining cells. This
period also corresponded exactly with
that of maximum virus production (8).
Chronically infected and normal cover-
slip cultures were washed in phosphate-
buffered saline at pH 7.3, fixed in

acetone for 20 minutes (with a change
of fresh acetone after 10 minutes), and
dried in air for a minimum period of
30 minutes. One or two drops of ap-
propriate dilutions of the human serum
were then added to the coverslips.
After incubation for 1 hour at 37°C,
the cells on the coverslips were washed
by immersing each three times for 10
minutes in phosphate-buffered saline
then stained for 1 hour at 37°C with
the fluorescein-labeled, goat antiserum
to human y-globulin. The preparations
on the coverslips were again washed
three times for 10 minutes each,
mounted on glass slides, and examined
under a binocular microscope with a
darkfield condenser, an Osram HBO-
200 being the light source. The filter
system included a UG-5 exciter and an
OG-4 and OG-5 barrier-filter combina-
tion. The reactions were graded accord-
ing to the brilliance of fluorescence,
and titration endpoints were taken as
the highest serum dilution giving a
3-plus or 4-plus stain.

Table 1 presents the fluorescent anti-
body titers obtained with pairs of acute
and convalescent serum, and with se-
rums from other convalescent cases of
clinically diagnosed rubella; virus was
recovered from three of these patients.
In all instances specific reactions were
recorded on infected cells with serums
obtained from convalescents approxi-
mately 1 month after onset of the dis-
ease. In contrast specimens from pa-
tients acutely ill taken within 48 hours
of the appearance of the rash were
negative except for one which had a
very low titer. A serum dilution of at
least 1:8 was best for differentiation of
reaction. Specimens from both acutely
ill and convalescent patients were com-
pletely negative with normal, uninfected
cells. Figure 1 illustrates the reaction
of a serum from a convalescent patient
with infected cells. It will be noted that
the specific stain is intracytoplasmic.
Serum was also obtained from four
additional women, including two who
were pregnant, 4 to 6 weeks after
known exposure to cases of rubella.
These specimens were all positive, pos-
sibly as a result of subclinical infection.
Two serums from 7-month-old infants
were completely negative.

GorpoN C. BROWN
HUNEIN F. MaassaB
JORGE A. VERONELLI
TuoMmas J. Francis, JR.
Virus Laboratory, Department of
Epidemiology, School of Public Health,
University of Michigan, Ann Arbor
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Poliovirus: Guanidine Dependence
and Loss of Neurovirulence
for Monkeys

Abstract. Guanidine-dependent polio-
viruses are obtained in vitro by subcul-
turing Brunenders, Mahoney, and Sabin
strains in the presence- of increasing
concentrations of guanidine. Mahoney
viruses dependent on guanidine lose
virulence (as indicated by paralysis) for
monkeys inoculated intramuscularly or
intracerebrally. Protection against viru-
lent Mahoney viruses is induced by
lreatment  with  guanidine-dependent
strains, and serum antibodies against
the virulent strains are present in the
treated animals.

Guanidine inhibits the growth of
poliovirus in HeLa cells (/). This
property of guanidine was recognized
independently by Rightsel et ql. 2)
and by Melnick et al. (3).

Table 1. Guanidine dependence induced in
poliovirus 1, Brunenders strain (1S), propa-
gated in HeLa cells. The results are expressed
in cytopathic units which were calculated by
the end-point method.

Modified Guanidine HCl in culture
poliovirus medium (ug/ml)
strain 0 200 000
1S 108 108 10°
4G* 10¢ 108 10¢
28G T 10° 108 107
52Gt 10° 108 108
108G$§ 108 108 10¢

* 4G is 1S propagated once with guanidine HCl1
at 62.5 ug/ml and three times at 250 ug/ml.
128G is 4G propagated 24 times with guanidine
HC1 at 250 upg/ml. 152G is 28G propagated
24 times with guanidine HCI at 1000 ug/ml.
§ 108G is 52G propagated 56 times with guanidine
HCI at 1000 ug/ml.
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Experiments originally designed to
clarify the nature of the guanidine in-
hibition revealed that poliovirus strains,
after a number of transfers with in-
creasing concentrations of the drug in
HeLa cell cultures, became thousands
of times more resistant to guanidine
than the original virus. After further
transfers the virus became guanidine-
dependent, growing only in the pres-
ence of high concentrations of guani-
dine (Table 1) (4).

This unique dependency of poliovi-
rus for exogenous guanidine has been
confirmed recently by Lwoff (5). By
repeated subculturing (4) we have de-
veloped guanidine dependency in a
number of poliovirus strains, including
the Brunenders, Mahoney, and Sabin
strains (Table 2).

Since the concentration of guanidine
required for growth by a guanidine-
dependent poliovirus is much higher
than that present in mammalian cells
and fluids, we considered the possibility
that the guanidine-dependent poliovirus
might be nonpathogenic for mammals.
Therefore we infected cercopithecus
monkeys (6) with a virulent Mahoney
strain of poliovirus type 1, or with
the same strain made guanidine-
dependent.

The results (Table 3) demonstrate
the absence of paralysis in monkeys in-
jected intramuscularly with the guani-
dine-dependent virus. Intracerebral in-
oculation gave similar results.

The immunizing effect of injection
of guanidine-dependent virus is re-
flected in the development of serum
antibodies and protection against sub-
sequent challenge with virulent Ma-
honey virus. Two monkeys injected
intramuscularly once, and two injected
twice (28 days apart) with the guani-
dine-dependent virus (3 X 10° CPU)
were then injected (challenged) intra-
muscularly, 19 days after the last in-
oculation, with five to ten paralyzing
doses of the original, virulent strain.
These four monkeys showed no signs
of paralysis 1 year from the time of the
viral infection. At the same time two
control monkeys, which had not re-
ceived the guanidine-dependent virus,
were injected intramuscularly with
comparable doses of the untreated
strain. Both animals developed paral-
ysis, one 4 days and the other 11
days after inoculation.

This finding prompted us to study the
Sabin poliovirus strains 1, 2, and 3.
These strains can also be made highly
guanidine-dependent in vitro (Table

Table 2. Guanidine dependence induced in
various poliovirus strains, propagated in HeLa
cells. The results are expressed in cytopathic
units which were calculated by the end-point
method.

Guanidine HCI in culture

Modified s
poliovirus medium (ug/ml)
strain 0 200 1000

Polio 1 Bruenders

Control 108 103 103

108G * 103 108 108
Polio 1 Mahoney

Control 108 108 102

25G T 10¢ 105 108

Polio 1 Sabin Lsc 2 abt
Control 5% 108 108 102
40G § 103 1098 107
Polio 2 Sabin P 712, Ch, 2 ab}

Control 108 102 102
40G§ 10% 3x10° 107
Polio 3 Sabin Leon 12 ab}

Control 108 108 102
40G$§ 2x10® 108 3x107

* 108G is 52G propagated 56 times with guani-
dine HCl at 1000 pg/ml (see Table 1). + Po-
lio 1 Mahoney propagated twice at each of the
following concentrations of guanidine HCl: 10
upg/ml, 20 upg/ml, 40 pg/ml, 100 ug/ml, 200
ug/ml, 1000 pg/ml; and 13 times at 2000 ug/ml.
¥ Virus strains obtained by the Instituto Superi-
ore di Sanitd. § Polio Sabin propagated once
with guanidine HCI at 10 ug/ml and once at 20
ug/ml; twice at concentrations of 40 ug/ml, 100
ug/ml, 200 pg/ml, and 500 wg/ml; and 30 times
at 1000 ug/ml.

Table 3. Lack of neurovirulence of guanidine-
dependent (g.d.) poliovirus 1 Mahoney injected
into 25 monkeys (Cercopithecus aethiops). The
dosages, expressed in cytopathic units (CPU),
were calculated by the end-point method.
Numbers in parentheses indicate the number of
monkeys injected with each dose; i.m., intra-
muscular injection; i.c., intracerebral injection.

Reciprocal of

Onset serum antibody
of pa-  Virus titer {
Treatment ralysis . isolated —————————
of strain (days  from  27-28 19
injected  after  spinal  days days
last in- cord*  after after
jection) 1stin- 2nd in-
jection  jection
3X10°to 3108 CPU, i.m. (7)
No 4to11 +
3x10° CPU, im. (1)
No Nonef
3X10® CPU, im. (5)
25G, g.d. Nonet 5 to 25

Two, 28 days apart, of 3X10° CPU, i.m. (2)

25G, g.d. Nonet 125; 3,125;
625 15,625
10%to 5X10* CPU, i.c. (4)
No 8to9 +
Dose: 10* CPU, ic. (1)
No None}
4% 10° to 4X10% CPU, i.c. @4
25G, g.d. Nonel 5 )
4X10° CPU, i.c. (1)
25G, gd. 12 -+

* Monkeys with paralysis were killed 1 to 4 days

after paralysis developed. f Antibody tests,

performed on the preinoculation specimens, gave

?io titer. i No paralysis after 1 year’s observa-
on.
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