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Techniques are described for the growth and rapid purification of the avian
coronavirus infectious bronchitis virus (IBV). Purified IBV has a sedimentation
coefficient of 320S and a buoyant density of 1.22 g/ml in sucrose-deuterium oxide
equilibrium gradients. IBV RNA extracted by proteinase K in the presence of
sodium dodecyl sulfate and further purified by phenol extraction and gradient
centrifugation is single stranded and has a sedimentation coefficient of 64S, as
determined by isokinetic gradient centrifugation. Analysis on sucrose gradients
under both aqueous and denaturing conditions together with agarose gel electro-
phoresis in the presence of the chaotropic agent methylmercuric hydroxide gave
a value of 8 x 10° for the molecular weight of IBV RNA. This value was
confirmed by RNase T, fingerprinting, which also indicated that IBV RNA is
haploid. No evidence was found of subunit structure in IBV RNA. From these
results together with the recently reported observation that IBV RNA is infec-
tious and contains a tract of polyadenylic acid (Lomniczi, J. Gen. Virol., in
press), we conclude that the genome of the coronaviruses is a single continuous
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chain of about 23,000 mononucleotides that is of messenger polarity.

Infectious bronchitis virus (IBV) is a member
of the coronavirus group of animal viruses (20).
Members of this group infect such disparate
hosts as pigs, mice, fowl, and humans. In adult
chickens, infection with IBV causes severe im-
pairment of egg laying and results in respira-
tory signs in young chicks (6).

Studies on the structure of IBV have shown
that the virus particle contains a lipoprotein
envelope surrounding an electron-dense nucleo-
capsid. The external proteins of this envelope
are arranged as a characteristic corona of spike
projections (20).

Although it is clear that the genetic material
of coronaviruses is single-stranded RNA, its
structure and ploidy are uncertain. On the one
hand, it has been reported that the genome is a
single continuous strand with a molecular
weight of about 9 x 10°® (27); on the other hand,
dissociation studies have led to the conclusion
that the RNA consists of several fragments
with an organization analogous to that of the
oncoronaviral genome (9). The recent observa-
tions that IBV RNA is infectious and contains a
tract of polyadenylic acid [poly(A)] clearly es-
tablish that the genome is of positive polarity
(Lomniczi, J. Gen. Virol., in press).

In the present paper we report on the size,
organization, and genetic content of IBV RNA.

+ Present address: Veterinary Medical Research Insti-

tute, Hungarian Academy of Sciences, 1581-Budapest, P.f.
18, Hungary.

We show, by aqueous isokinetic gradient analy-
sis, that the genome has a sedimentation coeffi-

cient of 64S. By use of denaturing conditions in

both sucrose gradients and agarose gels, we
estimate the molecular weight of IBV RNA to

be 8.1 + x_10°. RNase T, oligonucleotide
fingerprinting confirmed this molecular weight

value and also showed that the e i
argely, if not entirely, haploid.
MATERIALS AND METHODS

Materials. Proteinase K was obtained from Boeh-
ringer gmbH, Mannheim, West Germany, and
formamide was obtained from Hopkin and Williams
Ltd., London, England. Sodium dodecyl sulfate
(SDS) was especially pure grade from British Drug
Houses, Poole, England, and sucrose was RNase-
free ultrapure from Schwarz/Mann, Orangeburg,
N.Y. [5-*H]uridine (28 Ci/mmol), [**C]uridine (55
Ci/mmol), and [**Plorthophosphate (94 Ci of phos-
phorus per mg) were supplied by the Radiochemical
Centre, Amersham, England. RNase T, (a Sankyo
product) was obtained from Calbiochem, London.

Viruses and cells. The Beaudette strain of IBV
was obtained from V. von Biilow, Tubingen, West
Germany, and used throughout. The origin of the
Sindbis virus and L strain of Newcastle disease vi-
rus (NDV) has been described (18). Poliovirus and
Sendai virus were obtained from the National Insti-
tute of Medical Research, London, and plaque puri-
fied twice before use. Semliki Forest virus was the
ts* strain described by Kennedy and Burke (14). IBVqa

was grown in primary chicken embryo kidney cellg
Tepared from 17-day-old embryos (10). The cells
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were cultivated in medium 199 containing 20 mM N-
2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid
buffer, pH 7.2, and 8% calf serum (growth medium).
Chicken embryo fibroblast cultures were prepared
as described previously (22) and used for the growth
of Sindbis virus, Semliki Forest virus, Sendai virus,
and NDV. Poliovirus was grown in HeLa cells culti-
vated in Glasgow-modified minimal essential me-
dium containing 7.5% heat-inactivated fetal calf se-
rum.

Labeling of viral RNA. Chicken embryo kidney
cultures in 140-mm plastic petri dishes were infected
with IBV at a multiplicity of about 1. After adsorp-
tion for 1 h at 37°C, the inoculum was replaced with
medium 199 containing 1% calf serum and 30 xCi of
[*Hluridine per ml or 50 uCi of [*2Plorthophosphate
per ml. In the latter case, phosphate-free medium
containing 1% dialyzed calf serum was used. Virus
was harvested at 16 h after infection. Radioactive
Sindbis virus, Semliki Forest virus, NDV, and Sen-
dai virus were prepared in an identical fashion but
with chicken embryo fibroblasts. Radioactive polio-
virus was prepared by growth in HeLa cells as de-
scribed previously (5).

Preparation of labeled rRNA’s. Chicken fibro-
blasts were labeled with [!“Cluridine (2 uCi/petri
dish culture) for 18 h, and the rRNA’s were ex-
tracted as previously described (21).

Virus purification. All procedures were carried

out at 0 to 4°C. Wnﬁl&h—
beled IBV was clarified by centrifuging at 10,000 x
for 30 min, and virus was pelleted from the superng-
Lmr,xargw&mmm (MSE 65
ultracentrifuge) for &M‘W
mmu_@me_cu_sllm_zma_rﬁ_in—m_m&r
(100 mM NaCl-10 mM Tris-1 mM EDTA, pH 7.0).
The pellet was gentlysuspended in NTE, and the
resulting snspe.naj;Mass_g%xﬁgd_by centrifugation
at 3,000 x g for 15 min. Sindbis virus and NDV were
purified by an identical procedure. Sendai virus,
Semliki Forest virus, and poliovirus were purified
as described previously (12).

dimentati alysis_of 1 Velocit
el lon was performed by using 12 ml of 10 to 40%

wt, rose gradients centrifuged
2 ml of isokinetic sucrose
adients wi wt. vo)
sucrose (23). Equilibrium sedimentation was for 15h
t 120,000 x ng 12 m 10 to 55% vol)

linear sucrose gradients prepared in 98% deuterium
oxide (7). Sedimentation analyses were performed in
a 6 x 14 ml titanium rotor.

Isolation of viral RNA. Suspensions of purified
IBV at a concentration of 1 to 2 mg of protein per ml
were treated with 1% ted with 300

of protei (11, 17) at 50°C for 5 mi

by centnfugatlon at 5 000 x g for 10 min at 4°C,
washed several times with 70% ethanol, dried in a

J. ViroL.

dissolved in a

stream of N, small volume 0] S
buffer (1 mM LiCl-5 mM EDTA-O. , pH 5.0),
: d fugatlon a X g

jpear
H 7.0,

0.25% SD
After centrifugation, the gradlent was unloade to
give about 20 fractions, and the radioactivity in a 30-
ul sample of each fraction was determined. Frac-
tions from the bottom quarter of the tube containing
dioactivity (see Fig. 2a) were pooled, and the
RNA was Etecipitate with 2.5 volumes of ethanol at
—20°C. Sindbis virus and NDV RNAs were prepared
in an identical fashion. Semliki Forest virus, Sendai
virus, and poliovirus RNAs were isolated by use of
the phenol-chloroform-2-mercaptoethanol-SDS pro-
cedure described previously (21).
Sedimentation analysis of IBV RNA. The sedi-
mentation coelficien RNA was determined

on 12-ml isokinetic sucrose gradients with a to

dena

1 m . A samples
were dissolved in 70% formamide in LES buffer,
incubated at 25°C for 30 min, and then centrifuge
at 200,000 X g for b hat 12°C.

Agarose gei electrophoresis, Qune percent agarose
b m) contalning 4 m

UMI%CES on 12-ml 5 to 15% wt/vol
ear adients prepared in 70
formamide in 10 m rlsE E i contalmfff xél\j

14 by 0.1 c

M sodium borate plus 0. m sulfate,
containi m uiler). -“P-labeled RNA
samples were recovered from alcohol by centrifuga-

tion, dried in a stream of N,, and dissolved in 0.1 E
buffer containing 10% glycerol and 4 mM methyl-
mercuric hydroxide. Electrophoresis was at a&ﬁﬂ#‘
fixed 'ngential for 16 h. After electrophoresis, gels
were fixed in methanol, dried at 37°C under vac-
uum, and autoradiographed on Kodirex X-ray film.

Oligonucleotide fingerprinting. Approximately
35 ug of 32P-labeled IBV RNA (specific activity, 0.74
x 10° cpm/ug) and 20 pg of 32P-labeled Semliki
Forest virus RNA (specific activity, 1.1 x 10® cpm/
ug), each containing 100 ug of carrier tRNA, were
recovered from alcohol by centrifugation, dried in a
stream of N,, dissolved in 15 ul of 10 mM Tris, pH
7.6, containing 10 ug of RNase T,, and digested for
30 min at 37°C. Fractionation of the T, oligonucleo-
tides was performed by two-dimensional polyacryl-
amide gel electrophoresis as described previously
(13). After autoradiography for 43 h, selected oligo-
nucleotides were recovered, counted by Cerenkov
radiation, and digested with pancreatic RNase (100
pg/ml for 30 min at 37°C), and their products were
analyzed as previously described (3).

RESULTS

Sedimentation coefficient and buoyant den-
sity of IBV. Preparations of IBV, purified as
described above, were analyzed by velocity
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tive to rRNA’s centrifuged in the same tubes,
the sedimentation coefficient of IBV RNA de-
creased from about 60S In 100 mM LiCl to 508
in1 mM LiCl. Recovery of the 50S material and
recentnfugation on a gradient containing 100 ,

(Fig. 1b) and equilibrium (Fig. 1a) centrifuga-
tion. With ;indbis virus :g%imentation coeffi-
cient: 22857 as the marker (26), the sedimenta-

Analysis on sucrose-D,0 equilibrium gradients

gave a single coincident peak of infectivity and
radioactivity at a buoyant density of 1.22 g/ml.
This value is similar to that of other enveloped
viruses, such as NDV (7).

Strandedness of IBV RNA. During prelimi-
nary experiments it became clear that to pre-
pare IBV RNA with reproducible hydrody-
MM e eTectrophoretic properties. both the
method of virus purification and the RNA ex-
traction procedure had to be considered. The
technique Tinally adopfed and detailed above
involved RNA extraction from partially but
rapidly purified virus by using proteinase K
followed by gradient centrifugation. IBV RNA
prepared in this way gave a single sh eak
mmmmﬁnﬁ%ﬁ
mmmwmma
by RNase digestion and examination of the sed-

imentation properties of the RNA under vary-
ing salt conditions (8, 26). In the first of these

approaches, portions of each fractio e
suc i ent shown in Fig. 2a were

digested with pancreatic RNase (20 ug/ml for
20 min_at _25°C),_trichloroacetic acid precipi-

mM LiCl gave an identical sedimentation pro-

at obtained with i V_RNA,
confirming that the change in sedimentation
behavior was due to a reversible conforma-
tional alteration. Taken together, these results
confirm the observation of Watkins et al. (27),
that IBV_ RNA is single stranded.
Sedimentation coefficient and molecular
weight of IBV RNA determined under nonde-
naturing conditions. When isokinetic sucrose
gradient centrifugation (23) in the presence of
SDS was used, the sedimentation coefficient of
IBV RNA was found to be 64S. Values of 51S
and 47S were found for NDV and Sindbis virus
RNA, respectively (Fig. 3a). These values
closely compare not only with published esti-
mates (17, 24), but also with the values ob-

tained by band sedimentation in a model E
ultracentrifuge (Kennedy, unpublished data).

A plot of the logarithm of the molecular weight
of Sindbis iizu;%—-RNA (4.2 x 10% [24]), of NDV
RNA (5.6 x 10° |4, 16]), and of 28S and 18S
I s (15) against the logarithm of distance
sedimented It

om the meniscus gave an approxi-

tated, and counted (21). As Fig. Za shows, this

. In
the second approach, IBV RNA was analyzed
by su i i ion j -
taining either 100 o iCl (Fig. 2b). Rela-
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mate gtraight line (Fig, 3b) with a molecular
weight of about 8 x 10 for IBV RNA.

Sedimentation properties and molecular
weight determination of IBV RNA under de-
naturing conditions. The sedimentation behav-

oy
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Fi1g. 1. Equilibrium and velocity centrifugation of IBV. (a) A 0.2-ml amount of virus was centrifuged on 12
ml of a 98% D;0-10 to 55% sucrose (wt/vol) gradient at 120,000 x g for 15 h at 4°C. The radioactivity (A) of
40-ul samples and the infectivity (O) were determined as described in the text. (b) IBV (A)and Sindbis virus
(O) were centrifuged on a 12-ml isokinetic sucrose gradient with a top concentration of 15% (wt/vol), prepared
by the method of Noll (23). Centrifugation was performed at 2°C for 1.5 h at 110,000 x g. The radioactivity

was determined in 20-ul samples.
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Fic. 2. Sedimentation of IBV RNA in aqueous
gradients. (a) RNA was extracted from IBV purified
by differential and velocity centrifugation and centri-
fuged on a 12-ml 15 to 30% linear sucrose-SDS gra-
dient for 3.5 h at 20°C and 200,000 x g. Samples (30
) were taken for the determination of radioactivity
(A). The remainder of the fractions were precipitated
in the presence of 100 ug of carrier RNA with 70%
ethandl at —20°C, dissolved in 1x SSC (0.15 M
NaCl plus 0.015 M sodium citrate), and treated with
20 pg of RNase per ml for 20 min at 25°C. The
trichloroacetic acid-precipitable radioactivity was
then determined (A). (b) IBV RNA was centrifuged
on isokinetic sucrose-SDS gradients with a top con-
centration of 15% (wtlvol) for 5.5 h at 5°C and
200,000 x g. Gradients contained 100 mM (@) or 1
mM (O) LiCl.

ior of IBV RNA under denaturing conditions
was studied using sucrose-formamide gra-
dients. Attempts to usm yl sulfoxide as a
w
W@.ﬂlﬂ&. A
similar effect of dimethyl sulfoxide on Sindbis

virus RNA has been reported (24). When *H-
labeled JBV RNA was centrifuged in formam-

ide-sucrose gradients in parallel with Sindbis
virus RNA and 28S and 18S rRNA_markers,
little, if any, dissociation of IBV RNA occurred
(Fig. 4a). This suggests that IBV RNA consists
of a single continuous polynucleotide chain.

W. IBV a indbis virus RNAs were re-
covered from the formamide-sucrose” gradient

and recentrifuged on aqueo adients, all of
the Sindbis virus RNA sedimented at 47§ (see

previous section), and most (80%) of the IBV

RNA sedimente S. However abant 20%-of
the I A sedimented at 50S to 60S as a

rather broad shoulder ..

When the logarithm of the molecular weight
of each of the marker RNAs was plotted against
the logarithm of the distance sedimented in the
formamide-sucrose gradient (24), a straight
line was obtained (Fig. 4b). From this calibra-

J. VIRroL.

tion graph, the molecular weight of IBV
s estimated to be a
gimilar to that obtained by isokinetic centrifi-
gation under aqueous conditions (see previous
section).
As an alternative to gradient centrifugation,
the molecular weight of IBV RNA was deter-

mined by agarose gel electrophoresis in the
esence of the denaturant methylmercuric hy-
_drﬁoﬂqu_l. On these gels, 1BV RNA electro-
phoresed as a single discrete peak (Fig. 5a). As
observed by Bailey and Davidson (1), a linear

. 28S 18S
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Fic. 3. Determination of the sedimentation coeffi-
cient of IBV RNA. (a) IBV (A), NDV (@), and Sind-
bis virus (O) RNAs were centrifuged in the presence
of '“C-labeled rRNA’s on 12-ml isokinetic sucrose-
SDS gradients as described in the legend to Fig. 2.
Samples (50 pl) were analyzed for radioactivity. (b)
Estimation of the molecular weight of IBV RNA by
plotting S values obtained in an aqueous gradient
against the logarithm of the distance RNAs sedi-
mented in the centrifuge tubes. Symbols: IBV RNA
(A), NDV RNA (@), Sindbis virus RNA (O), 28S
RNA (B), and 18S rRNA (D).

5 10 15 20
FRACTION NUMBER

-2

34 CPM x 10
~N

-

-
T T

MOLECULAR WEIGHT x 108

A 1 1 L 1
0 02 4 06 08 10
LOG DISTANCE

Fic. 4. Sedimentaion of IBV RNA in formamide-
sucrose gradient. (a) RNA samples were taken up in
70% formamide containing RNA buffer, kept for 30
min at 25°C, and then spun for 5 h at 200,000 x g
and 12°C. Symbols: IBV RNA (A), Sindbis virus
RNA (O). (b) Estimation of the molecular weight of
IBV RNA by plotting S values obtained in a formam-
ide gradient against the logarithm of the distance
RNAs migrated and sedimented in the centrifuge
tubes. Symbols: IBV RNA (A), Sindbis virus RNA
(0), 28S rRNA (W), and 18S rRNA (D).

FRACTION NUMBER
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relationship was obtained between the loga-
rithm of the molecular weight of the marker
RNAs and their electrophoretic mobility (Fig.
5b). From this relationship, the molecular
weight of JBV_ RNA was estimated to be 8.1 +
0.2 x 108, .
Oligonucleotide fingerprinting of IBV
RNA. Although sedimentation analysis and gel
electrophoresis gave similar values for the mo-
lecular weight of IBV RNA, these valu

L__,eumre

obtained by extrapolation of calibration curves.
xtrapolation was unavoidable since no suita-
ble marker RNA of an established molecular
weight greater than that of IBV RNA is pres-
ently available. To overcome this limitation,
we considered it important to determine the
molecular weight of IBV RNA by a technique
that does not depend on properties of the intact

molecule. nique is based on

relative (to total applied) rad10act1v1t in char-

stranded RNAs after complete RNase T, diges-
tion (2). i n of this technique to 32P-
a IBV and marker Semliki Fo

j is shown in Fig. 6 th finger-

rints the patfern of oligonucleotide spots

e Tie Tahed T o mTeively sharatiais
Jic 1132 Since the number of characterlstlc
spots is proportional to the molecul

eds that of Semliki Forest virus RNA estl-
m + 02. X . To determine the
molecular weight © , several charac-

teristic oligonucleotide spots were recovered,

counted, and digested with pancreatic RNase,
nd E'Eelr products were characterized by high-~
oltage electrophoresis with markers of known

S When the criteria detailed by Bil-
]et,er et al. (2) were used, seven pure T, oligonu-
cleo m IB A were identified. Prop-
ertios oTthese seven oligonucleotides are shown
in Table I together with data on six pure oligo-
nucleotides ﬁ:om Semliki Forest virus RNA.
Wmm
(arrows in Fig. 6), their nucleotide chain length
was calculated, and knowing the radioactivity
in each ohgonucleoflae and tiie total recovered
radio e entire gel (obtained b
Q'ing the gel and counting), estimates were
made of the nucleotide complexity of each RNA

19). IBV RNA the complexity was calcy-
lated + 920 nucleotides, and fq

Semlikj Forest virus RNA it was calculated to
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Fic. 5. Electrophoresis of IBV RNA on denatur-
ing agarose gels. IBV RNA (A) together with marker
Sendai virus RNA (V), Semliki Forest virus RNA
(@), poliovirus RNA (V), 28S (B), and 18S rRNA’s
(0), all labeled with [**P]orthophosphate and pre-
pared as described in the text, was electrophoresed on
a 1% agarose slab gel containing 4 mM methylmer-
curic hydroxide. After electrophoresis, which was at
80 V for 16 h, the gel was dried and autoradi-
ographed for 43 h. (a) Densitometer tracing of the
lane containing IBV RNA. (b) Plot of the electropho-
retic mobility of each RNA species against its molec-
ular weight.

the molecular weight of Semliki Froest virus
RNA and, as such, substantiates the estimate
of the molecular weight of IBV RNA. Two other
points emerge from these fingerprints. First,

both fingerprints have a streak in the top left-
E?na corner. Since the streak in the Semliki
Forest virus RNA fingerprint is known to
Mmﬂmmm
gther ﬁliadenylated RNAs give similar

€ strea e

n
RNA fingerprints is poly(A). This would con-

firm the observation based on binding to oligo-
deoxythymidylic acid-cellulose that IBV RNA
contains a poly(A) tract (Lomniczi, in press).

Second, in addition to the characteristic oligo-
nucleotides of IBV RNA whose composition is
Even in Table 1, the partial or almost comp[ete
composition of an additional 37 oligonucleotides:
has been determined (data not shown). About

ge 12,570 + 480 nucleotides (Table 1). These
mplexitie; d to molecular weights of
8.11 =+ 0.32 for IBV RNA and 4.40 + 0.17 x 10°
fo t virus 1s latter value
is in close agreement with previous estimates of

to_about 40. In other
of characteristic oligonucleotides of IBV_RNA

32 of these are probably pure (2), bringing the
toffl of fffff fl—lfractenstlc 0 1§onucleot1df§_




1

g5

- |

F1c. 6. Oligonucleotide fingerprint of IBV RNA. 3?P-labeled (a) IBV RNA (25 x 10%cpm) and (b) Semliki
Forest virus RNA (20 x 10% cpm), prepared as described in the text, were digested to completion with RNase
T, and the resultant nucleotides were fractionated by two-dimensional polyacrylamide gel electrophoresis.
The first dimension (left to right) was a 10% gel containing 6 M urea at pH 3.5, and the second dimension (top
to bottom) was a 20% gel at pH 8.3. After electrophoresis, the gels were autoradiographed for 17 h, and the

arrowed oligonucleotides were recovered for further characterization. The patterns of oligonucleotides above
the dashed lines are considered to be characteristic (7).
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TaBLE 1. Calculation of the nucleotide sequence complexity of IBV and Semliki Forest virus RNAs from the
yield of pure oligonucleotides

Oligonu: Chain
el i g length  Radioactiv-  Complexity®
RNA cleotide Composition (nucleo- ity (cpm) (nucleotides)
no- tides)
IBV 1 1.0 A,C, 2.1 A,U, 2.0 A,C, 1.1 AC, 1 41 30,981 21,174
G,10.0U,12.2C
2 1.1 A;C, 1.0 A,U, 3.0 A,C, 2.1 AC, 1 39 25,692 24,287
G,990U,8.0C
3 1 A,G, 0.9 A;C, 3.0 A,C, 3.1 AC, 3.1 27 20,695 20,874
U,21C
4 1.1 A,C,2.1A,C,1G,210,3.1C 16 13,170 19,438
5 1AG,3.1AU,3.10,42C 15 9,298 25,810
6 1.0A,C,2.1A,C,1G,1.1AC,1.1U 13 8,988 23,141
7 1.0 A,C, 2.2 A,U,2.0A,C,1G,1.1 1, 19 11,068 27,466
1.2C
Avg + SEM< 23,170 + 920
Semliki For- 1 1.1 A;C,3.0A,U,2.2AC,1G,3.11, 28 25,502 13,175
est virus 71C
2 1.2A,C, 29 A,U,1A,G,09U 18 14,720 14,674
3 1AG,2.1A,U,1.9AC,1.1U,1.9C 16 17,279 11,112
4 1.2 A,C, 3.1 A,U, 2.1 AC, 1.8 AU, 1 26 26,575 11,740
G,310,22C
5 1AG,6.3AU,2.0AC,1.10,21C 21 19,883 12,674
6 29A,U,12AC,1G,2.1U 14 13,948 12,045
Avg + SEM 12,570 + 480

¢ Average of two determinations.

b Calculated from the equation: complexity = [chain length of nucleotide x total recovered counts per
minute (16 x 10° for IBV RNA; 12 x 10° for Semliki Forest virus)l/radioactivity in the nucleotide.

¢ SEM, Standard error of the mean.

are present only once per molecule, suggesting
that little, if any, sequence reiteration is pres-
ent in the IBV genome.

DISCUSSION I

The determination of the size of single-
stranded RNAs larger than about 3 x 10°¢ dal-
tons may lead to conflicting results if examina-
tions are based exclusively on hydrodynamic or
electrophoretic properties. This can be illus-
trated by reference to the RNAs of the para-
myxoviruses, notably NDV and Sendai virus,
for which figures of 2.3 x 10° to 7.5 x 10® have
been reported for the molecular weight and 48S
to 57S for the sedimentation coefficient (7, 17).
Recently RNA length measurements deter-
mined by electron microscopy have partially
overcome many of the problems associated with
the aforementioned parameters. By this tech-
nique the molecular weight of paramyxovirus
RNA has been established as 5.2 x 10° to 5.8 x
10¢ (4, 16). However, electron microscopy, al-
though providing useful information on the or-
ganization of viral genomes, does not afford
data on genetic complexity. This aspect of viral

in the aeEIaaﬁflon of the 645 RNA. This may
explain the origin of the extremely heteroge-

nucleic acids can be investigated by a variety of
techniques, including molecular hybridization
and oligonucleotide fingerprinting. .

In the present paper we have examined the
size and genetic content of IBV RNA after
gentle extraction with proteinase K in the pres-
ence of SDS (11) followed by phenol extraction
and gradient centrifugation. We adopted this
procedure, first, because it consistently gave
RNA that sedimented at 64S with no evidence
of fragmentation and, second, because we
wished to exclude the possibility of covalent
protein cross-linking either within or between
RNA strands. Our attempts to use phenol and
SDS without pfo equently resulted

neous species previously isolal Tom
€ nondenaturing isokinetic
gradients (Fig. 3) and denaturing standard gra-
dients (Fig. 4) were used, a linear relationship
was observed between the logarithm of the mo-
lecular weight and the logarithm of the sedi-
mentation distance. This relationship covered
the molecular weight range from 0.6 x 10°® to
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5.6 x 10%. Both of these approaches together
with analysis on methylmercuric hydroxide-
containing gels (1) gave a value of about 8 x 108
for the molecular weight of IBV RNA. Support
for a value of about 8 x 10% daltons was convinc-
ingly provided by the oligonucleotide finger-
printing data, and taking this value together
with the established single strandedness and
poly(A) content of IBV RNA (Lomniczi, in
press) leads us to the conclusion that the ge-
nome consists of a single continuous polynucle-
otide chain of positive polarity consisting of
about 23,000 mononucleotides. This would es-
tablish IBV RNA as the largest viral RNA
enome described to date.

Analysis under denaturing conditions on
both gradients and gels showed no evidence of a
subunit structure for IBV RNA. However, al-
though methylmercuric hydroxide is an ex-
tremely powerful chaotropic agent, we cannot
rigorously exclude the possibility that the IBV
genome is segmented. In any event, the results
reported here are not consistent with the obser-
vations of Garwes et al. (9) that purport to show
that the genome of hemagglutinating encepha-
lomyelitis virus and transmissible gastroenter-
itis virus, two other coronaviruses, can be dis-
N\sociated to give 35S and 4S RNA.

If one assumes that most of the IBV genetic
information is expressed in infected cells, then
IBY RNA would code for about 800,000 daltons
of protein or between 12 and Ib average-sized
polypeptides. Preliminary experiments indi-
cate_that TBV contains up to nine structural
proteins that Together a or abou o O

tHlS coamg pobTenElaI. PresumaBIy the remain-

‘Jer codesfor-mronistructural protems, trchuding-
the enzyme(s) required for IBV RNA synthesis

Although not impossible, it would seem un-

likely that the entire IBV genome is translated
“to & giant poTyPTOTENof-rmotecutar weight of giant po M;g_t_of_
approximately 800,000, which then undergoes
cleavage. What seems more likely, particularly
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application to the isolation of nucleic acids and the
degradation of ‘masked’ proteins. Eur. J. Biochem.
56:103-108.

Kennedy, S. I. T. 1974. The effect of enzymes on struc-
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Kolakofsky, D. 1972. Transfer ribonucleic acid nucleoti-
dyltransferase and transfer ribonucleic acid in Sendai
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en 0 us-stranded R vi-
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subgenomic, possibly polycistronic mRNA'’s,
EEEE Eﬁcoﬂmg proteins With related Tunctions.
Experiments wi cell-free systems pro-

grammed with IBV RNA and an analysis of
IBV-specified proteins and RNAs in infected
cells should illuminate this question.
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