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It was shown that polyhedras of Bombyx mori Nu clear Polyhedrosis Vi rus con tain RNA with mo lec u lar weight of
17-18 kDa (50-60 nu cleo tides). This RNA is likely to be long to the mi nor RNA class and its or i gin is dis cussed.
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In tro duc tion. The re sults of our re search on nu clear
polyhedrosis vi rus (NPV) RNA of Bombyx mori have
been first pub lished in 1969 [1].  At that time we sup -
posed that polyhedras con tained large frag ments of,
most prob a bly, polyhedrin mRNA.  Sup pos edly
polyhedras ac ci den tally cap tured them dur ing
crystallisation.  There fore, fur ther in ves ti ga tion on the
na ture of poly he dra RNA, to our opin ion, had no sense
what so ever.  How ever, the dis cov ery of large
DNA-con tain ing vi ruses of mi nor RNA (microRNA,
miR, in par tic u lar), which play the role in nu mer ous

pro cess as well as in the in ter ac tions be tween the vi rus
and the cell [2–5] dated back to the 1990’s/2000’s en -
cour aged us to re new pre vi ous in ves ti ga tion.  The sec -
ond ar ti cle in this se ries [6] was ded i cated to the clar i fi -
ca tion of the ef fect of pro te ase and RNA of polyhedras
on the as so ci a tion-dis so ci a tion of polyhedrin in the pH
10.5–11.00solutions.  We have dem on strated that
polyhedras con tained RNP-com plex with mo lec u lar
weight of 20 000-25 000 Da, con tain ing polypeptide,
m.w. 10 000-12 000 Da.  It is clear that mo lec u lar
weight of such com plex is around 10 000.  How ever, as
the polyhedrin so lu tions also in cluded
high-molecularRNP-com plexes (13S and higher) [6],
then mi nor RNP-com plex may in clude the frag ment of
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large RNA of un known or i gin: at the con di tion of dis -
solv ing of polyhedras, high-mo lec u lar RNA, if it is ini -
tially pres ent in polyhedras, may be de stroyed, be sides
the pres ence of nuclease in polyhedras is also pos si ble. 
Tak ing into ac count the facts listed above we have de -
cide to in ves ti gate the na ture of RNA, iso lated by the
method of dis so lu tion polyhedras in 67% ace tic acid or
low al ka line so lu tions, which avoid the ef fect of en -
zymes [7].  The re sults of the in ves ti ga tion are given be -
low.

Ma te ri als and Meth ods. Polyhedras. The
polyhedras used were of proteolytic ac tiv ity or were
sig nif i cantly lower ac tiv ity-wise (polyhedras A and B)
than those of newly iso lated [6], or of no ac tiv ity at all
(polyhedras B).  Polyhedras A were iso lated of cat er pil -
lars of the 4th-5th age, died of NPV at nat u ral con di tions
(de cay); polyhedras B were of hemolymph of NPV in -
fected cat er pil lars, stored for 20 years.  Polyhedras B
were iso lated from ho mog e nate of rot ten co coons.

Sol vents. A – pH 10.5 (0.05 M Na2CO3 + 0.05 M
NaHCO3 + 0.1 M NaCl); B – 67% ace tic acid; C – pH 7
(0.5% so dium sarcosyl + 25 mM so dium ci trate + 4 M
guanidine thiocyanate + 0.1 M ?-mercaptoethanol).

Elec tro pho re sis in 2% agarose in Na-bo rate buffer
was per formed ac cord ing to the method, de scribed in
[8], in gels, con tain ing 2.2 M form al de hyde
(denaturated con di tions) and with out form al de hyde
(na tive con di tions).  The sam ples were both added and
not added form al de hyde.  One and the same gel was ex -
posed with ethidium bro mide and then with coomassie
bril liant blue.  In the first case – the gels were ex posed
with ei ther ad di tion of the dye to the sam ple (method 1)
or by the im mer sion of gel into ethidium bro mide so lu -
tion for 15 min with sub se quent wash ing with dis tilled
wa ter for 20-30 min (method 2).  It is note wor thy that
ex tended wash ing elim i nates the dye and mi nor RNA
are not ex posed.  Af ter cap tur ing the photo, ex posed
with ethidium bro mide, the gel was dyed with
coomassie bril liant blue.

Elec tro pho re sis in 15% polyacrylamide gel
(PAAG), con tain ing DS-Na and 7M urea, was per -
formed in ac cor dance to spe cif i cally de vel oped method 
for iden ti fi ca tion of mi nor RNA [9].  The sam ples were
also added with 7 M urea.  One and the same gel was ex -
posed with sub se quent dye ing of RNA and the pro tein,
as ear lier de scribed.

Iso la tion of RNA. Prep a ra tion 1 – 100 mg of
polyhedras were dis solved in 4 ml of sol vent A for 1
hour at the room tem per a ture.  The so lu tion was cen tri -
fuged at 6 000 rpm (10 min), and then at 3 000 rpm (60
min, 4°C).  Supernatant pH in dex was de creased by di -
al y sis against the phos phate buffer with pH 7.4 and then 
RNA were ex tracted by wa ter-sat u rated phe nol in 2
times.  RNAs were pre cip i tated from the wa ter by dou -
ble vol ume of cooled al co hol.  The sed i ment was
doslved in phos phate buffer, pH 7.4, ex tracted two
more times and RNAs were pre cip i tate with al co hol.

Prep a ra tion 2 – 100 mg of polyhedras were dis -
solved in so lu tion B for 1 hour at room tem per a ture and
cen tri fuged as ear lier de scribed.  Af ter centrifugation,
supernatant was di a lyzed dur ing the night against the
dis tilled wa ter and then 15-20 min against 0.2 M am -
mo nium bi car bon ate till the set tling-out of polyhedrin
in the di al y sis bag.  Sus pense was moved to the cen tri -
fuged vial and the pro tein was pre cip i tated by
centrifugation at 6 000 rpm.  Supernatant was added
with DS-Na to fi nal con cen tra tion of 1.5% and RNA
was ex tracted in ac cor dance to ear lier de scribed
method.

Prep a ra tion 3 – was pre pared sim i larly to Prep a ra -
tion 2, ex cept for polyhedrin was not pre cip i tated, and
RNAs were ex tracted af ter di al y sis only against the dis -
tilled wa ter, hav ing added DS-Na.

Prep a ra tion 4 – 100 mg of polyhedras were dis -
solved in so lu tion B, the so lu tion was cen tri fuged at
6 000 rpm for 10 min and RNAs were ex tracted from
supernatant in ac cor dance to ear lier de scribed method,
but the mix ture of phe nol with chlo ro form (1:1) has
been used.

Re sult and Dis cus sion. As it has been shown [1],
RNA, iso lated from polyhedras A by the al ka line
method (pH 10.5), was spe cific for UV spec trum with
E260/E280=1.85 and hyperchromic ef fect of 20-22%. 
Tak ing in this into ac count, we have sup posed that the
so lu tions con tain high-mo lec u lar RNA and/or its large
frag ments.  Cur rent work is ded i cated to ver i fi ca tion of
pri mar ily these sort of RNA prep a ra tions.  Fig.1 shows
that Prep a ra tion 1 RNA dur ing elec tro pho re sis at the
na tive con di tions shows sig nif i cant dif fu sive band in
the range of ~10S–S, which is lower than in the case of
tRNA, while the range is broad ened at the in crease in
the num ber of ex trac tions from 2 to 4.  Yet in the case of 
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two ex trac tions, in ten sive RNA band in 5S re gion is
clearly seen.  How ever, it con tains in sig nif i cant ad mix -
ture of pro tein, com pared to the prep a ra tion af ter the 4th

ex trac tion.  Elec tro pho re sis of Prep a ra tion 1, RNA at
the denaturated con di tions, re vealed the range of RNA
band to be sig nif i cantly nar rower from 5S to <5S
(Fig.2).  At the same time, the max i mum num ber of of
RNA is spe cific for the higher mo bil ity than tRNA. 
The de crease in polydispersibility of RNA at the elec -
tro pho re sis of Prep a ra tion 1 at the denaturated con di -
tions is clearly to be seen.  As Prep a ra tion 1 was ob -
tained by the dis solv ing of polyhedras in highly al ka -
line so lu tion, there fore, to lower the pos si bil ity of RNA
de coup ling at these con di tions, we iso lated Prep a ra tion
2 of RNA, hav ing dis solved polyhedras B in 67% ace tic 
acid.

Fig.3 shows that 1 hour elec tro pho re sis at the
denaturated con di tions is pre sented by more clear-cut
RNA band, which is also spe cific for higher mo bil ity,
than tRNA.  How ever, in 2 hours this band nar rowed
sig nif i cantly, while the ma jor part of dye ing was re -
vealed in the range of 18S–10S.  To clear out the es -
sence of this phe nom e non and of the fact that
polydispersity in creases with the in crease in the num -
ber of RNA ex trac tions with phe nol (Fig.2), we car ried
out the elec tro pho re sis of RNA sam ples with the ad di -
tion of form al de hyde.  The re sults (Fig.4) show that the
in tro duc tion of form al de hyde re sults in the ma jor part
of the dye mov ing to wards the cath ode, i.e. di rec tion,
op po site to RNA.  It is ob vi ous that seem ingly higher
polydispersibility of poly he dra RNA can be most likely 
ex plained by the wash ing off of the dye dur ing the elec -
tro pho re sis from RNA com plex, due to the less firm
bind ing to mi nor RNA of the lat ter, in the com par i son
with ri bo somal RNA.

Sum ma ris ing the afore men tioned it is pos si ble to
con clude that the so lu tion of polyhedras con tains RNA
with lower mo lec u lar weight af ter pre cip i ta tion, than in
the case of tRNA, and does not con tain high-mo lec u lar
RNA.  How ever, in the case of Prep a ra tion 2 RNA it is
pos si ble that a part of RNA may be as so ci ated with
polyhedrin dur ing he pre cip i ta tion of the lat ter.  Mean -
while, as it has al ready been men tioned, in the case of
Prep a ra tion 1 RNA, the ef fect of nu cleases, the pres -
ence of which in the polyhedras have not been in ves ti -
gated, is also pos si ble.  There fore, we have iso lated

RNA prep a ra tions with out pre cip i ta tion of polyhedrin
out of the polyhedras B so lu tions, iso lated at the con di -
tions, which elim i nate the ef fect of mucleases and pro -
teas es.  Fig.5 shows that Prep a ra tion 2 of polyhedras B
also con tains RNA with higher mo bil ity than the one of
tRNA (band 1) and doe not con tain high-mo lec u lar
RNA.  Prep a ra tions 3 and 4do not con tain
high-molecualr RNA, how ever they con tain RNA with
a lit tle bit lower mo bil ity, than the one of tRNA (bands
2 and 3, re spec tively).  How ever, these prep a ra tions
con tained sig nif i cant ad mix ture of pro tein (Fig.5, b,
bands 2 and 3), which looked sim i lar to prep a ra tion 1
af ter two-time ex trac tion with phe nol (Fig.1, b, band 1).  
Ob vi ously, the ex trac tion of RNA from the so lu tions
with out pre cip i ta tion of polyhedrin, RNA prep a ra tion
can not be pu ri fied from the pro tein com pletely (these
polyhedrin so lu tions con tained ~1% of RNA).  Ap par -
ently, prep a ra tions 3 and 4 are the as so ci ate of pro tein
with RNA of lower mo lec u lar weight, than that of
tRNA, which is not dis in te grated at the con di tions of
cur rent elec tro pho re sis.  This sup po si tion is con firmed
by re sults of elec tro pho re sis of the prep a ra tions 3 and 4
in PAAG, con tain ing 7 M urea.  Fig.6, a shows that
both prep a ra tions, iso lated from so lu tion of polyhedras
with no polyhedrin, con tain RNA of higher mo bil ity,
than that of tRNA.  Com par i son of Fig.5 and Fig.6
makes it clear that dye ing of bands 2 and 3 with
ehtidium bro mide matches the dye ing of coomassie
bril liant blue.  How ever, the mo bil ity of these bands,
com pared to the mo bil ity of tRNA ,is dif fer ent – mo bil -
ity in Fig.5 is lower than in tRNA, and in Fig.6 it is
higher.

We sup pose that elec tro pho re sis of RNA of
polyhedras in agarose (Fig.5) is pro tein-as so ci ated,
while in the case of elec tro pho re sis in PAAG both RNA 
and the pro tein are dis so ci ated.  It is ob vi ous that dis so -
ci a tion takes place un der the ef fect of 7 M urea in both
sam ple and gel.  The fact that coomassie bril liant blue
dye ing matches the dye ing of ethidium bro mide show
that, to our mind, the mo bil ity of polypeptide of 14 000
Da is sim i lar to the one of polyhedras.  As the mo bil ity
of tRNA (26 000 Da) is the same as the pep tide one
(19 000–20 000 Da), it is pos si ble to sup pose that mo -
lec u lar weight of RNA of polyhedras equals
17 000–18 000 Da (50–60 nu cleo tides).  This RNA is
most likely to be long to mi nor RNA.  Polyhedras may
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Fig.1 Elec tro pho re sis in 2% agarose at the na tive con di tions of
prep a ra tion 1 RNA, iso lated from polyhedras A; time of elec tro -
pho re sis 60 min, I – ethidium bro mide (method 1) (dye added to
the sam ple), II – coomassie bril liant blue (1 – ri bo somal RNA
marker, 2 – RNA of polyhedras, ex tracted two times; 3 – RNA of
polyhedras, ex tracted 4 times, 4 – polyhedrin)

Fig.2 Elec tro pho re sis in 2% agarose at the denaturated con di tions
of prep a ra tion 1 RNA, iso lated from polyhedras A; time of elec -
tro pho re sis 60 min, I – ethidium bro mide (method 1) (dye added
to the sam ple), II – coomassie bril liant blue (1 –RNA of
polyhedras, ex tracted 4 times , 2 – polyhedrin ; 3 – ri bo somal
RNA marker)

Fig.3 Elec tro pho re sis in 2% agarose at the denaturated con di tions
of prep a ra tion 2 RNA, iso lated from polyhedras B; time of elec tro -
pho re sis 60 min, I – time of elec tro pho re sis 60 min, II – time of
elec tro pho re sis 120 min (1 – ri bo somal RNA marker, 2 – RNA of
polyhedras, ex tracted two times; 3 – RNA of polyhedras, ex tracted
4 times, 4 – polyhedrin); dye – ethidium bro mide (method 1)

Fig.4 Elec tro pho re sis in 2% agarose at the na tive con di tions of
prep a ra tion 1 RNA, iso lated from polyhedras A; time of elec tro -
pho re sis 60 min;  dye ing with ethidium bro mide (method 1) (1, 4 – 
ri bo somal RNA mark ers, 2, 3 – RNA of polyhedras; 3, 4 – the
sam ple was added with form al de hyde)

Fig.5 Elec tro pho re sis in 2% agarose at the denaturated con di tions 
of prep a ra tion 2 RNA, iso lated from polyhedras B; time of elec -
tro pho re sis 60 min, (I – ethidium bro mide (method 2) (im mer sion 
of gel into the dye ing sol vent); II – coomassie bril liant blue) (1 –
prep a ra tion 2 of RNA of polyhedras; 2, 3 – prep a ra tions 3 and 4 of 
RNA, re spec tively; 4 – tRNA of Esch e richia coli; 5 – syn thetic
25-mem ber oligonucleotide

Fig.6 Elec tro pho re sis in 15% PAAG, con tain ing DS-Na and 7 M
urea, of RNA prep a ra tions 3 and 4, iso lated from polyhedras B;
time of elec tro pho re sis 90 min; I – ethidium bro mide (method 2; II
– coomassie bril liant blue) (1 – polyhedrin; 2, 3  prep a ra tions 3 and 
4 of RNA, re spec tively; 4 – tRNA of E. coli; 5 – syn thetic 25-mem -
ber oligonucleotide). Ar rows in di cate the po si tion of polyhedrin
frag ments with cor re spond ing mo lec u lar weights [10].



con tain not only one but many mi nor RNA of the same
mo lec u lar weight.

Where do mi nor RNA ap pear from?  Re cently, the
term ‘mi nor’ RNA in cludes short, 19–28 nu cle o tide
long, RNA of endogenic and exo gen ic or i gin, which
par tic i pate in the pro tec tion mech a nisms, con trol ling
the pro cesses of growth and dif fer en ti a tion of cells [11,
12], oncogenesis [13, 14], and de vel op ment of
eukaryotes [15–20], in clud ing the meta mor pho sis in in -
sects [19].  The most nu mer ous class of endogenic RNA 
is miR.  The first ver sion of the ap pear ance of miR in
polyhedras is the host ver sion.  We have iso lated
polyhedras from larva of the 5th age (polyhedras A and
B), which of ten had al ready the co coon formed
(polyhedras B).  This pe riod in the life of in sects is spe -
cific for some phys i o log i cal changes due to the change
from larva into a chrys a lis.  Ev i dently, this meta mor -
pho sis may be reg u lated by miR [19], syn the sised
through out this pe riod.  In this case the cap tur ing of
host miR by polyhedras may be viewed as an at tempt to
de tain the vi rus at a con ve nient stage of de vel op ment of
the host, i.e. at the “fa vour able” stage for the max i mal
ac cu mu la tion of polyhedras.  The sec ond ver sion of
miR ap pear ance in polyhedras is of vi ral or i gin. miR
genes are de tected in genomes of large DNA-con tain -
ing vi ruses [5].  The func tions of these miR in the rep li -
ca tion of vi ruses or in the in ter ac tions of vi rus-cell are
not clear.  Pos si bly, DNA of NVP of baculoviruses may 
con tain miR genes.

As the crystallisation of polyhedras is know to take
place in the nu cleus, than they may cap ture ei ther the
pri mary miR tran script (pri-miR) or miR pre cur sor
(pre-miR), which is pro cessed out of pri-miR in the nu -
cleus [21, 22].  Usu ally pri-miR may con tain from one
to sev eral hun dreds (even 1 000 and more) nu cleo tides.  
pri-miR are known to act as mRNA [23].  Polyhedras
in clude RNA of 50–60 nu cleo tides, which is com pat i -
ble to the size of pre-miR (usu ally 50-80 nu cleo tides). 
Prob a bly, polyhedras are ca pa ble of se lec tive cap tur ing 
of prod ucts of pri-miR pro cess ing.  mRNA may be the
can di date for polyhedrin mRNA – the max i mum
translational prod uct at this stage of in fec tion [24]. 
From this stand point it would be in ter est ing to ap ply
com puter tech nol o gies of miR de tec tion in polyhedrin
gene [25].  Fol low ing pub li ca tion in this se ries will be
ded i cated to the men tioned prob lem.

Ý. À. Êîçëîâ, Ì. È. Âóäìàñêà, Ì. Ò. Áîáðîâñêàÿ, Ò. Â. Øèðèíà

Èññëåäîâàíèå ñòðóêòóðíî-ôóíêöèîíàëüíûõ âçàèìîäåéñòâèé

ïîëèýäðèíà âèðóñà ÿäåðíîãî ïîëèýäðîçà òóòîâîãî øåëêîïðÿäà

(Bombyx mori) ñ ïðîòåàçîé è ÐÍÊ ïîëèýäðîâ. 3. Ïîëèýäðû

âêëþ÷àþò ìàëóþ ÐÍÊ

Ðåçþìå

Ïîêàçàíî, ÷òî ïîëèýäðû âèðóñà ÿäåðíîãî ïîëèýäðîçà B. mori
ñîäåðæàò ÐÍÊ ñ ìîëåêóëÿðíîé ìàññîé 17– 18 êÄà (50–60
íóêëåîòèäîâ). Ýòà ÐÍÊ, âåðîÿòíî, ïðèíàäëåæèò ê êëàññó
ìàëûõ ÐÍÊ. Oáñóæäàåòñÿ åå ïðîèñõîæäåíèå .

Êëþ÷åâûå ñëîâà: âèðóñ ÿäåðíîãî ïîëèýäðîçà, ÐÍÊ ïîëèýäðîâ,
ìèêðî-ÐÍÊ.    
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