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Electrophoretic Mobilities of the Potato Spindle
Tuber Viroid RNA Molecules in the Urea-Gradient Gels
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ABSTRACT: Low molecular weight plant ribonucleic acids including viroid-RNA molecules
which are soluble in 2 M lithium chloride were electrophoresed in the § M to 8 M urea
-gradient polyacrylamide gel. Although the linear viroid~-RNA molecules migrated at a similar
rate across the urea-gradient gel under the denaturing temperature, the circular viroid-RNA
molecules moved more rapidly at low urea-gradient region than at high urea-gradient region.
Consequently, the migration of the circular viroid-RNA molecules showed a sudden shift
across the band of linear forms in the midrange of the urea-gradient gels. Electrophoretic
mobilities of the circular viroid-RNA molecules seemed to depend mainly on the concentration
of urea in the denaturing urea-gradient gels.
KEY WORDS [ viroid-RNA molecules, urea-gradient polyacrylamide gel.

Viroids are the smallest ones of the known
pathogens to higher plants. They have only
ribonucleic acid lacking capsid compared
to the conventional forms of viruses. The
RNA of potato spindle tuber viroid(PSTV)
is single - stranded and consists of 359
nucleotides(Gross ef a/.1978). The RNA
strand has two forms, a covalently closed cir-
cular form and a linear one caused by a single
nick(Hadidi and Diener, 1978). Both forms of
the viroid molecules would yield a same single
band in 5% polyacrylamide gels under non-
denaturing conditions(Sanger et al., 1976),
However, under denaturing conditions the two
forms of viroid-RN A molecules would separate

into two different bands(3,10), The separa-
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tion of circular and linear forms of PSTV-RNA
on polyacrylamide gles in the presence of for-
mamide and urea was reported by Owens e/
al (1977),

The conformational changes of the viroid
-RNA molecules has been studied in
detail(Riesner ef al, 1979 1983). The
authors reported that 8 M urea concentration
at 37C would be sufficient in providing the
denaturing electrophoresis system for viroid
-RNA molecules. However, the physico-
chemical and biological characteristics of the
circular and linear viroid-RNAs have not been
explained sufficiently.

Urea-gradient polyacrylamide gel electro-
phoresis have been used to study the character-
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istics of nucleic acids. In this study, some
modifications were made in preparing gradient
gels to achieve more practical use of the
electrophoresis system. The purpose of this
research is to study the electrophoretic mobil-
ities of citcular and linear viroid-RNA, and
particularly of the partially denatured circular
forms under the different urea concentrations.

MATERIALS AND METHODS

Ribonucleic acid preperation

Tomato plants(Lycopersicon esculantum
Mill. cv. “Rutgers”) were infected with the
severe isolate of potato spindle tuber
viroid(PSTV) using the method proposed by
Singh and Sanger(1976), The partial purifi-
cation of PSTV from deep frozen tomato
leaves involved 1) phenol extraction of RNA;
2) bentonite treatment to inhibit nuclease; 3)
fractionation of low molecular weight forms of
nucleic acids with 2 M Lithium chloride solu-
tion; and 4) removal of polysaccharides and
deoxyribonucleic acids to isolate RNA.
Detailes of the purification procedures for plant
nucleic acids were described in the previous
report(Lee, 1982)), The nucleic acid samples
were dissolved (1, 500 x g of the purified RNA
per 1m/) inthe 1/20 diluted TBE buffer (0,
89M Tris, 0.89M boric acid, 0,025M Na
-EDTA, pH8,3). The concentration of the
buffer is two fold excess of that used in the gel
system.

Acrylamide, N ,N/-methylene-bis
-acrylamide, TEMED and ammoniumpersul-
fate for electrophoresis gel were purchased
from Bio-Rad Laboratories. All other chemi-
cals were of reagent grade.

Horizontal denaturing urea-gradient gel

In the horizontal denaturing urea-gradient
gel, the direction of the electric field is perpen-
dicular to the urea-gradient. Urea-gradient gel
was prepared according to Fischer and Lerman
(1979) method with some modifications. The
modified method is as follows. Gels were pre-
pared by mixing a urea-free acrylamide gel
solution with a gel solution containing 8 M
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urea. Each solution was poured into a gradient
former to produce a continuous urea-gradient
gel system. A syringe connected to the gradient
former was inserted into the open top side of the
assembly to pour the gradient solution into it.
The assembly was made of a 1,5 mm thick
Teflon U-frame spacer and two glass plates
(220 105 mm). One of the glass plates has a slot
former facing the inner part of the sandwich.
The slot is made by adhering four layers of
scotch tape (215X 2x(, 2 mm) to the plate, 1cm
beneath the U-frame. The capacity of the slot
was approximately 200 «/, The flow rate of
the gradient solution was about 10m/ per a
minute. Consequently, the denaturing gel sys-
tem was composed of 1/40 diluted TBE
buffer and of the urea-gradient 0 M to 8§ M.
Electrophoresis

Two hundred microliter solution of 0, 01%
bromphenol blue containing 10% sucrose was
prerun to improve the quality of the gradient
gel system. One hundred fifty «g of the purified
nucleic acid for a sample to load dissolved in
100 #/ of the corresponding TBE buffer at
double salt strength of the gel system, were
mixed with 90 p/ of H,O and 10 !/ of 0,1%
xylencyanol FF containing 10% sucrose. The
200 ©! sample was heated for 1 min at 100C
and then cooled solwly for 1 hour. The sam-
ple was applied to the slot and electrophoresis
was carried out at 20mA for 2-3 hours until
the xylencyanol FF migrated to the end of urea
-free side of the gel system. TBE buffer was
used in the electrode buffer system with the
same strength of salt as in the gel. After electro-
phoresis, the gel was stained with silver nitrate
by the method of Sammons ef @l (1981) with
some modifications.

RESULTS

Both types of circular and linear viroid-RNA
molecules migrated together and rerealed a
single band in 5% polyacrylamide gels under
non-denaturing conditions(Fig.la). Since many
different conformations of viroid molecules
could exist under partially denaturing condi-
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Fig.1, Electrophoretic difference of the viroid
-RANA bands under the nondenaturing
condition and fully denaturing condition

(a): electrophoretic separation between the
viroid-RNA and the plant RNA under the
nondenaturing condition. (b): separation of
viroid-RNA molecules into the linear and
circular forms under the high concentration
of urea and the denaturing temperature,
37°C. C: circular viroid molecules, L: lin-
ear viroid molecules

tions, only a smeared band was obtained and
clear separation of the individual bands were
not possible in these denaturing conditions(data
not shown). Under the denaturing gel system
the viroid-RN A molecules were separated into
the fast migrating linear molecules and the slow
migrating circular molecules(Fig.1b). Since the
samples loaded on the denaturing gels were low
molecular weight ribonucleic acids extracted
from plants, the bands of 4s RNA and 5s
RNA were detected together with both forms of
viroid-RN A molecules.

In the denaturing urea-gradient gel electro-
phoresis, ribonculeic aicds extracted from both
viroid-infected and healthy plants migrated at
a similar rate across the urea-gradient gel
system(Fig.2a and 2b). However, the bands of
low molecular weight ribonucleic acids migrat-
ed slightly faster at the region of low urea
concentration than at the region of high urea
concentration. Two bands were detected dis-
tinctly from virpid-infected plants(Fig.2a)
which were absent in healthy plants(Fig.2b).
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Fig.2, Migration of 2 Miithium chloride soluble
RNAs on a denaturing urea-gradient
perpandicular to the electric field.

The ribonucleic acids molecules from vir-
oid-infected tomato(a) and healthy
plants(b) were loaded on the 5% polyva-
crylamide urea-gradient ranging from ¢
M on left to 8 M on right. The arrow at
the top indic ates the shift of the mobilities
between circular and linear viroid-RNA
molecules.

The bands were designated as C(circular) and
L(linear) based on their mode of separation
identified under denaturing gels(Fig.1b). The
migration pattern of linear viroid-RNA was
consistent with those of other low molecular
weight ribonucleic acids. However, the band of
circular viroid-RN A molecules migrated faster
at low urea-gradient region than at high urea
-gradient region. As a results, the band of cir-
cular viroid-RNA crossed over the band of
linear molecules at the midrange of the urea
-gradient gel(Fig.2a). Besides the two distinct
bands of circular and linear viroid-RN As many
other bands of unidentified ribonucleic acids
were detected from both viroid-infected plants
and healthy plants.

DISCUSSION

Polyacrylamide gel electrophoresis(PAGE)
analysis may be used for routine diagnosis for
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viroid infection to the host plants(Morris and
Wright, 1975). Silver staining method has
been used to detect the viroid molecules in
polyacrylamide gels since the viroid-RNA is a
minute fraction of the total ribonucleic acids
extracted from diseased plants. In this study,
the small fraction of viroid molecules and other
unidentified low molecular weight ribonucleic
acids were detected clearly by using the silver
staining method in the denaturing gels.

Many single-stranded RNA molecules con-
tain “hairpin loops” where the RNA chain
folds back upon itself and forms short helical
sections held together by hydrogen bonds. The
loops of the hairpins might be attacked by
nuclease not only during RNA extraction and
purification but also in vivo system. By
cooperating **P into PSTV, Hadidi and
Diener (1978) reported that % vitro, the lin-
ear forms did not arise by nicking circles with
nucleases. However, in the presence of Mg*",
viroid circles would be nicked to yield linear
molecules during the viroid-RNA purification
procedures(Sanger et @/.1979). The linear
viroid molecules presented in Fig.1 and 2
were derived from the viroid-infected plants in
which the linear forms existed originally, since
noMg™" containing chemical was added during
the viroid-RNA extraction procedure.

The migration of circular and linear viroid
molecules under denaturing urea-gradient gels
showed unique patterns. The migration rates of
the linear viroid~-RNA molecules were consis-
tent across the entire range of urea-gradient,
indicating thermodynamic stability of the lin-
ear viroid-RNA. The thermodynamic charac-
teristics of the linear viroid-RNA was known
to be similar to that of multibranched single
-stranded RNAs. Denaturation of multibran-
ched single-stranded RN As would not depend
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greatly on the temperature. Since other low
molecular weight RNA bands on the gels were
multi-branched single-stranded RNAs, the
migration pattern of the linear viroid-RNA
was similar to that of other low molecular
weight RNAs.

The migration of the circular viroid-RNA
molecules was different from that of linear
forms in the denaturing urea-gradient gel. Teh
melting temperature of PSTV, 53C, is rela-
tively low compared to that of a homogeneous
double stranded RNA. Due to the covalently
closed circular viroid-RNA molecules, the
urea-gradient gel was a gradual denaturing
system for the circular viroid molecules. Partly
base-paired circular viroid molecules would
reach a point where the concentration of a
denaturing agent is sufficient for changing the
conformations of the viroid-RNA, as they
migrate through the urea-gradient gels. Since
high concentration of urea would denature the
circular viroid-RNA completely, retardation
of the circular viroid mobility would be enhan-
ced at the high urea concentration region on the
gel system. However, covalently closed circu-
lar viroid-RNA molecules might be remanied
intact or partially denatured at the low concen-
tration of the denaturant. The retardation of
the circular viroid-RNA mobility would be
reduced as the concentration of urea decreases
in the urea-gradient gel system. A sudden shift
of the circular viroid-RNA molecules’ mobil-
ity would be observed in the midrange of the
urea-gradient where partially denatured con-
formations predominantly existed. The
denaturation of the circular viroid-RNA mole-
cules is mainly dependnet on the concentration
of urea at temperature of 37°C in the polya-
crylamide urea-gradient gel system.

2

=4 RNA Fajol] cHalx 0M F€] 8 M 7z|e] @ &7wlg 714 Bejola
129 u].o];»o]_g_
#og ulad £3e A7l4EH ol E4L wojec), ols}

RNA ¥ah= 247w Aoy Auldoz o}

c o=



Vol 25, 1987

ool nejreke] wpo]ols RNA 2
Al ol g-stalet, whirbd melmoke] wle]woe|x

[=]
MHe slez walr

ACKNOWLEDGEMENT

This research was supported in part by the
Korea Science and Engineering Foundation.
The author expresses his appreciation to Prof.
H.L. Sanger at Max-Planck Institut fur Bio-
chemie in Miinchen, Germany for his kind
donation of the viroid isolate.

REFERENCES

1. Fischer S.G. and L.S. Lerman, 1979,
Length-independent separation of DNA
restriction fragments in two-dimensional
gel electrophoresis, Cell, 16, 191-200,

2. Gross H.J., H. Domdey, C. Lossow, P.
Jank, M. Raba, H. Alberty and H.L. San-
ger, 1978. Nucleotide sequence and sec-
ondary structure of potato spindle tuber
viroid, Nature, 272, 203-208.

3. Hadidi A. and T.O. Diener, 1978, In vivo
synthesis of potato spindle tuber viroid:
kinetic relationship between the circular
and linear forms, Virology 86, 57-65.

4, Lee J.Y., 1982, Untersuchungen zur
I"J'bertragung des Viroids der Spindelknol-
lensucht der Kartoffe(PSTV) durch Inse-
kten und zu seinem Nachweis durch Polya-
crylamid-Gel-Elektrophorese. Doctoral
Thesis Justus Liebig Univ., Giessen, 1-91,

5. Morris T.J. and N.S. Wright, 1975,
Detection on polyacrylamide gel of a diag-
nostic nucleic acid from tissue infected

Wb @) Aold ik

w2
ol WEE b A2 1871% A1 Selal WG EH o] 5E

H7)od-53 o) Ede OM-8M 9| 247uE vz slo|zo|x

PSTV RNA Molecules 27

2o QA ol Hrurhw el @Al Aoy 4

RNA 2 6] 9] SAiel ) i neie) vjel ol 4
elhgiet, 2sbdow wel

= RNA 2abe] s adrlol ] 72, 840 Suol ahepal ojaks

weke] vjol ol RNA el

with potato spindle tuber viroid, Am.
Potato ., 52, 57-63,

6. Owens R.A., E. Erbe, A. Hadidi, R.L
Steere and T.O. Diener, 1977, Separation
and infectivity of circular and linear forms
of potato spindle tuber viroid, Pro¢. Natl.
Acad. Sci., USA 74, 3859-3863.

7. Riesner D., K. Henco, U. Rokohl, G.
Klotz, A K. Kleinschmidt, H.]. Gross, H.
Domdey and H.L. Singer, 1979, Struc-
ture and structure formation of viroids, /.
Mol. Biol, 133, 85-115,

8. Riesner D., G. Steger, J. Schumacher, H.
J. Gross, J.W. Randles and H.L. Sﬁnger,
1983, Structure and function of viroids,
Biophysics Struct. Mech., 7, 240-241,

9, Sammons DW., L.D. Adams and E. Nish-
izawa, 1981. Ultra-sensitive silver-based
color staining of polypeptides in polya-
crylamide gels, Electrophoresis, 2
135-141,

10. Sanger H.L., K. Ramm, H. Domdey, H.J.
Gross, K. Henco and D. Riesner, 1979,
Conversion of circular viroid molecules to
linear strands, FEBS Letters, 99,
117-122,

11, Singh A. and H.L. Singer, 1976 :
Chromatographic behaviour of the viroids
of the exocortis disease of citrus and of the
spindle tuber disease of potato, Phytopath-
ol. . Z., 87, 143-160,

(Received Jan. 15, 1987 )

L}



