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ABSTRACT

AIM: To predict the probable genomic packaging signal of SARS-CoV by bioinformatics analysis. The derived
packaging signal may be used to design antisense RNA and RNA interfere (RNAI) drugstreating SARS. METHODS:
Based on the studies about the genomic packaging signals of MHV and BCoV, especially the information about
primary and secondary structures, the putative genomic packaging signal of SARS_CoV were analyzed by using
bioinformatic tools. Multi-alignment for the genomic sequences was performed among SARS-CoV, MHV, BCoV,
PEDV and HCoV 229E. Secondary structures of RNA sequences were also predicted for the identification of the
possible genomic packaging signals. Meanwhile, the N and M proteins of all five viruseswere analyzed to study the
evolutionary relationship with genomic packaging signals. RESULTS: The putative genomic packaging signal of
SARS-CoV locates at the 3' end of ORF1b near that of MHV and BCoV, where is the most variable region of this
gene. The RNA secondary structure of SARS-CoV genomic packaging signal isvery similar to that of MHV and
BCoV. The same result was also obtained in studying the genomic packaging signals of PEDV and HCoV 229E.
Further more, the genomic sequence multi-alignment indicated that the locations of packaging signals of SARS
CoV, PEDV, and HCoV overlaped each other. It seems that the mutation rate of packaging signal sequencesis
much higher than the N protein, while only subtle variations for the M protein. CONCLUSIONS: The probable
genomic packaging signal of SARS-CoV isanalogousto that of MHV and BCoV, with the corresponding secondary
RNA structure locating at the similar region of ORF1b. The positions where genomic packaging signals exist have
suffered rounds of mutations, which may influence the primary structures of the N and M proteins consequently.
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INTRODUCTION

The severe acute respiratory syndrome (SARS)
associated coronavirus (SARS-CoV) has been recog-
nized asthe causative agent for SARS. Sinceit broke
out early this year, SARS has infected thousands of
people and caused hundreds of death in many countries
and places of the world*2. It is urgent to develop effi-
cient therapeutic means for the treatment of SARS
patients. Antisense RNA and RNA interference (RNAI)
technol ogies have shown potential prospect in treating
some severe diseases’®¥ and should be considered as
important candidate medicines in oppugning SARS.
Many potential targets for designing antisense RNA or
RNAI have been considered. Much more attention
should be paid to the genomic packaging signal
sequences of SARS-CoV in designing anti-SARS
antisense RNA and RNAIi segments.

Within the “soup” of avirally infected cell, viral
genome and viral proteins specifically and selectively
coalesce into progeny viruses. This process called pack-
aging isan essential step for a productive viral replica-
tion cycle, involving recognition and interaction of vari-
ous molecules®®. RNA packaging signals necessary
for virus RNA packaging have been described for sev-
eral RNA viruses”9. Among them, there are some ex-
amplesin which theidentified packaging signal is nec-
essary and sufficient for viral RNA packaging™.

It has been reported that coronaviruses selectively
package their genomic RNAs exclusively or much more
efficiently than those subgenomic RNAS™*2, Only few
have been understood about how coronaviruses recog-
nize the viral genomic RNA to ensure specific
encapsidation and packaging. Thusfar, packaging sig-
nalswere only well studied in the murine hepatitis virus
(MHV) and bovine coronavirus(BCoV). By usng MHV
defectiveinterfering (DI) RNAS, a 69-nucleotide pack-

Tab.1 Genome and protein sequences used in this study.

aging signal that maps approximately 20 kb from the 5'
end of the genome within the gene ORF1b was identi-
fied™ >4, Inclusion of the packaging signal in a none-
MHYV RNA is sufficient to allow the RNA to be pack-
aged into MHV virons™. Mutagenesisof the predicted
bulged stem-loop structure of the MHV packaging sig-
nal disrupts the ability of the sequencesto function asa
packaging signal'™. A similar packaging signal hasalso
been identified in BCoV, which could package the
noncoronavirus RNA into BCoV virions when the pack-
aging signal was introduced. Comparative research of
the genomic packaging signals of MHV and BCoV re-
vealed that the conservation of RNA secondary struc-
ture was essential for their interaction with the N pro-
teind*"*8, All these support the idea that an essential
packaging signal exists in SARS-CoV packaging
process. In this study, bioinformatics analysis tools
such as multi-alignment, RNA secondary structure
prediction, and mutation analysis methods were em-
ployed to predict the putative genomic packaging signal
of SARS-CoV.

MATERIALS AND METHODS

Materials The genomic sequences, protein se-
guencesof N proteinsand M proteins of MHV, BCoV,
porcine epidemic diarrhea (PEDV), human coronavirus
(HCoV) 229E and SARS-CoV wereretrieved from the
GenBank in NCBI. Genomic sequences and protein
sequences listed in Tab 1 were used in this study.

Bioinformatics analysis Multi-alignment of ge-
nomic sequences and protein sequences in this study
were carried out with vector NTI software from the
Informax Inc™. The secondary structures of genomic
RNA sequenceswere predicted by using the RNA Struc-
ture 3.71 program®!. Transmembrane analysis of the
M protein was carried out with TMAP software onling®!,

Virus strain Group Genome ID Genome size N protein ID M protein ID
MHV-1 2 AF029248 31.2kb gi_2641131 gi_2641132
MHV-2 2 NC_001846 31.2kb

MHV-3 2 AF208066 31.1kb

BCoV 2 NC_003045 31 kb gi_15081553 gi_15081552
PEDV 1 NC_003436 28 kb gi_19387581 gi_19387580
HCoV 229E 1 NC_002745 27.4 kb gi_12175753 gi_12175752
SARS-CoV lor 2 NC_004718 29.7 kb gi_29836503 gi_29836504
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Mapping the derived genomic packaging signals from
secondary structures to primary sequences in the result
of multi-alignment was performed manually.

RESULTS AND DISCUSSION

The genomic packaging signals of MHV and
BCoV The genomic packaging signal of MHV has been
accurately positioned in a 69 bp region, about 1400 bp
preceding the 3' end of ORF1b!***%?, This RNA se-
guence shapes as a typical stem-loop secondary struc-
ture in the genome. Recombinant vectors solely con-
taining this region was transfected into DBT cells and
was packaged into MHV virions, indicating that thisre-
gion containsall the signalsfor packaging. The mutant
at the 5' end of this region blocks the packaging signal
function completely.

It also has been reported that the 190 bp sequences
comprising the 69 bp core sequences are packaged more
effectively. Thisindicates that the sequences around
the 69 bp core region may also be recognized by the M
protein®”. The sequence around the 69 bp core se-
guences is variable without affecting the packaging of
genomic RNA. Sequencesof theBCoV RNA share high
homology to that of the MHV RNA. Recent study re-
vealed that a similar packaging signal was addressed
near the 3' end of ORF1b. RNA secondary structure
analysis showed that the packaging signals of both MHV
and BCoV form along stem-loop structure, sharing an
identical shape at the top two loops (Fig 2 and 3).
Experiments also showed that RNA transcripts were
packaged into both BCoV and MHV virions when the
cloned region was appended to a noncoronavirus
RNAS™. This emphasized that the top two loopsin the
RNA secondary structure were the most important factor
for the N protein-packaging signal interaction. In this
research, we mapped this high conserved region to the
multi-alignment result of BCoV and MHV genomic
sequences. The primary sequences corresponding to
these secondary structures were addressed at the same
position (Fig 1). The primary sequence of the top two
loopsof MHV islocated at the 5' end of the 69 bp region,
less than 30 bp in length. This implies that the key
packaging signal might be even shorter than 69 bp (Fig
1). The astonishing similarity of primary sequences
and secondary structures between MHV and BCoV pack-
aging signals shows that the secondary structure re-
sponsible for genome packaging might constantly exist
in a similar region among coronaviruses.

Multi-alignment of SARS-CoV genomic se-

quence with MHV, BCoV, PEDV, and HCoV 229E
Genomic RNA sequences of SARS-CoV, MHV, BCoV,
PEDV, and HCoV 229E are put into multi-alignment
using Vector NTI™. The result indicated that much
higher similarity existed in the ORF1ab region among
all these coronaviruses except an especially high vari-
able region near the 3' end of ORF1b, where the pack-
aging signal of MHV and BCoV situated. It seemsthat
the sequences of SARS-CoV, PEDV, and HCoV inthis
region might belong to another group different from
MHV and BCoV. The exception of thisregion showsit
might have higher rate of mutation or recombination
than other parts of ORF1b. The finding of the packag-
ing signals of MHV and BCoV inthisregion impliesits
responsibility for the packaging of coronaviruses ge-
nomic RNA (Fig 1).

Secondary structure of the RNA sequences
around the putative packaging signal region About
1000 bp genomic sequence around the putative pack-
aging signal region from all the five corovaviruses men-
tioned above were used to predict the RNA secondary
structures by using RNA Structure 3.711, resulted that
all thefive sequences had asimilar long stem-loop struc-
ture (Fig 2). The top four loops of the long stem-loop
structure (marked with rectangles in Fig 2) are the
mostly similar region among the coronavirusesas clearly
shown in Fig 3. Fig 3A and 3B are the key packaging
signals of MHV and BCoV. So it isreasonable to as-
sume that the stem-loop region of SARS-CoV is also
the genomic packaging signal (Fig 3B), similar results
werefound in other two viruses, HCoV and PEDV (Fig
3C and 3D). When the primary sequence correspond-
ing to these stem-loop regions was mapped to the multi-
alignment result, the hypothetical packaging signal of
SARS-CoV was found to locate at the highly variable
region of ORF1b, just before the packaging signals of
MHYV and BCoV. The primary sequences correspond-
ing to the stem-loop structures of PEDV and HCoV
229E were also mapped to the multi-alignment result,
which overlaps the putative packaging signal of SARS-
CoV (Fig 1). Thisconfirmed the hypothesis that the
highly variable region of ORF1b was responsible for
the genomic RNA packaging. Variety in primary se-
guences and the conservation of the secondary struc-
tures may be the most important trait of the genomic
packaging signals of coronaviruses.

Multi-alignment of N protein and M protein
Because the packaging signal should befirst recognized
and bound by the N protein to form a complex, which
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AFDZUIAR . 1_ (19RSH1 ARAEARCACGOCAERCCCORET AN TE T GLC TG T A AT TAT PTG PG G B G T AT TE GG ECCEAS CCORAGE TTARGE
HE_D01846.1_ (19855} RRABARCACCCCNERECCCRCTANTET CCoT CT oo AT TR T P T PR CCCA S TR TS CORE AR O EREE TEAAEE
AF208065.1_  (19600) RRATAARCACGCCATPCCCTACTAATET OO TETTGAATTAT FTGC TARG CHCAGTAT TCGACCACAC CCASAGC TTAADT
HC_002645.1  (LE753) PRACAARRACATCALTRCPRCAARCATAG AT TUAACT TTET G PARGAUGARGE U TUG T TIAM A CACC TR DCAGTA
WC_DU3436.1_ (18850} RARCARGACATCACTACCCACTARCOTAGCT TTTGARITOTATICCANCOTAMIG TAGARCTEACECCTCCCATTACHR
WE_DO4TIR, 3_  (196R2) RRASAAGACARCACETCCRGTIANNGT TECA TT IGAGCT TTGGACRARGEGTARCRTTAAMEA S TGO CRERGA TTARER
WC_O003045 . 1_  (19604) TRATANTACARCAEACT CRACTAMTOT T TETTCAATTATIT I CAASCCOAETATTCGRCACCAT  CAGAGC TTAARC

AFDZ9Z48 .1 (19535} TOTITRGRAATTTAARTAT oA TaTECTaaA STCACCTECTTT GG EATT ATGE TARGGA TRES CICETTTOCASTTOC
WE_OU1846.1_ (19535} TOTTTAGAAATITOAATATIGACOTOTOCTAGASTCACCTOD

AF2NAGEA. 1_ (19770} Ao R A T T AR T B R L I e e A T A S T T P T G A P AP E PAAG CATARE LT CRFTTOCASTTICS
HC_DO2645.1_ (18833} TICICKANARCCTPOSTITIOTEOCCACATA TARGTT IHTE P IO ORI T ATOAR G THAR ERCC BRAACARICETE
HC_ 003436, 1" (18930} TECTACHTAACITRGFIGT ISTT TETACATC TAAG TG TS TRATE T GEACTATEARGC T GRAACHECCACTFACTRCETTT
HE O04TLE.3 (19762} TRCICRRTAATITOCOTOTICATATCOCTEC TAREAC ToTAATCTGEEAC TACRAARCRERRECOCCAGCACATETATET
WC_00304%5.1_ (19684} TCTTEAGAAATTTGANTATACACOTGTOT IHGARMGEASC TEA TP TCCCRTTATGC TRCAC AMAGEATART TTGCRGTART

AFUZ9248.1_ (20015}
WG 0028d6.1_  (I0015)
RFINADES .1 (1SESD)
wC 002648 .1 (18913} A TARGTCRETTT PG TERTACKERCTT = = == == == == = = PECAGAGGATETTTHTA===== === ====CTTFFTACER,

HC_003436. 0 (19010} ACAARCCASCTETCTRARPRTACCERCET - - = = o= = = = = = SRR TEACET T IETR - = = = == = = == = -SSR

HC_OO4TLE.3_ (19842} ACAATAGATGTCTOCACAATGAC TGACATTGCCANIARACC TASTIABRGTECTIGTTCT TCACTTACTETCTRGTTTOA
HC_003045.1  (ART64)} ACCERTGGEGTCTGEATGTATACRGATETA= == = == ~ ARG T TEATPEATAART TGART =~ = = === ==

Futative SRRE-Ca¥ B3 POCTIOTTCITCACTTACTGTCTPETTTEA

Futatave OCoV 2X8E PS5 GUAGAGGATHFITIEIA ~=====-=== CTTHTTACRA

AFUZHIAN, 1 (F00TY) TEGICSTEATARTGGIGE TETIGARGCT T TTAA ARG TECC GEAA T 560 5T CTACAT TRACAC GACAAARR TTAARRGTC
HC DDIZ4E. 1 (20077} TR G T P T AR T T AR A T AR TS O C TACA TTAA EACGACRARRR TTA RARETE
AF208066 . 1_ (19512} THHTCTTEATANTGITGCTCTTGARGCT T TTAMGAMGTGIC BHEA THE0 5T CTACAT TAACACGACARAARTTAAANGTL
oG 003645, 1 (LERGE) TRATASTATACAARLGITEATALGARCET T ILAL I THICARL TAA T G T T E I TAT I TE T AL TS T TRARRR A -
HC D03436.1  (LP066) TRACACCATICTICCITEATIAGRC CATTC I T TR SR T CoT O T GC T TATCTEACT TACAC C TS TIARAR -~
WC_O04TIR. 8 (19823) TEGTACASTGERAAGGACAGETAGRECT BT TTAGRARC GECCA TAA T GETG T T T TAR TARCAGRA GG TTCRGTCARAG ===
N ODA045. 1_  (19E26) PeCRCCTCATANE TG T AR SE T T TR AN AC CC I TR TR T ST P TAC AT CEACEAE AR TRARCACTE

TAATAGTATACARGGTPCATACSAACGTTT PACTCTST
Putatiwe FEGY PS5  ACAGCATIGITEGTICAT TRAGAGCGAT TCICTATGACCCAGRATEETET

AFN2024R .1 (20157) BoTCGRTGADTARAGE: CERCA A CETEECER TP TCAATESC ETAG ST STCEACR N AT GRAGA T TETRADC TG EARTST
HC_0D1846.1_ (20157} POTCEAMPIATTAARGH. CCRCAACSTICOIA TTTOAATOOC STRGT TOTGAACAR ACTTOGALA T TC TAATO T2 ERRTTT
AFI0906G . 1_ (19554 DPSTUGATEATTAMAGGCCCACAGCEIGCCEATTTGAATGOC

HE D02E45.1 (19048} ---—GEPEGEAR-—--=== === == == == AT TT GCCEGCT - - = == == = - ATPRART R~ -~ - == == == === =~ ARTTT
WC_003436.1_ (15143} -ACCTTACTGEC ~ATAAAGTTA-

e O0D4TLR. Y (19804)
HC_D03045.1_ (13506}

AFOZ9Z4H.1 (20237}
HC_001848.1_ (20237}
AF208066,1_ (20072} & ! o R
HC_002645.1_ (19083} POGAADGCE--——-Th-- -l'mw.lunc'a.uw mwmm------------um-----

WC_003436.1_ (10168} BGGCENTCR=====Th===ATGEIGTECCAGTIN-MCAE - === AChE = ~GARG === na=nmsessfTannnnsansanns
M 0O04T18. 3 (20019} ---CCASCACAACCTR-—--SCCPCANTECACTCRACRET AATT--BEMS -

WO BOAGAS 1_ (19584} PATERTGCTOTACATAARARGOERC G ENTETCATCT TEASOEAA T EACASEE TEAGRETCRBE TC SARCCABNACEE
il bV e OEACECATPACCCEASEEC
BCoV BR TCAGCTCTARCCAGRGCDC

Consaryad HEV B2 AGCCATTACCOGRICCC

AF029248.1_ (20217} NCAAGETAAPCCOOOTCOTANTCCEITCOIT N TGO BT ARG ICPCTA O CE CTOEACTATC TP TACT AR
HO_001848 1_ (28317} ACAAGETAATOCGEETGETARTC GLGT GEFT GATC FOAGCEETAATEARGCTCTAGC S O TEGOACTARC TTTACT ARR.
AFZ0E0E6,1_ (20152} ACRAGFIAATCCGOGTGETAATCGOMTGRET GATC FCARCHETAATAAA GO PCTARCAC GTERCACTATCIT TACTCARA
HC_UUZ645.1_ (19137} RAAARATATTAN TBOTTTEFITTACSTACICAANGAT BECARRCCTETTEATCAT TATAATESTTTT - -~ TATACCCARG
WC_003436.1_ (15208} -AAACCTTTEAST FGSTATATITACAC TRGGARGARERECARGTTCRRGGACTATCETGARREE TAT - - - TETACCEARG
HC_004T18. 3 (20050) RTCASTANAMASACASTTTAACTACTE TANIARALEA SN CARCA TEATTCANER PTOC TEAARECTARTFTACECAGR
M 003045 1 (200646) mmm:wmwmcmamm
PCCCOETOTARTE

AFULYEAN . 1_ (20097} SCAGATTATTAICTTCTT TCACACCICAATCARAGAT SEAGARNGET ITTATEGATT TAGATUAT GATUTETTEATIGCA
HC_ 0018461 (20397} SORGATIATTATCTTCT T CACACCICCATCAGACKT COAGRARRCAT TTEATSEATT TREATCAT CRTERSTTCATIGER
AFZUB0SE.1_ (20232} CCAGATTITTGICCTCTTTOECACCTCOATCAGNGA T GCAGARNCAL TT TATEGATT TRCATGAA CACETETICATIGER
HC_0026R45,1_  (19214) GTCGTRATERACARGAL TT FTTGOETE GOAL CACANT GEARGRAGAC TTIT TRRAACATGGATATAGGL TG TTTATTCAR
HC_003436.1_ (13204} GTAGAACAACCHETGATTTTAGCOCTCCTAGCHACAT CEARRATEACTT CCTAMGTATIGATAT & WTEARC
WC_O04TL0. 3 (20190} SEAGAGACTTAGAGGATTT TAAGDDCAGRTEACAART FEARACTGAL TTIC TCEABCTC GETAT

WC 003045,1 (20146} SECOTCETATTACCTIEE T T IACE eI CTAS TEAT AT oA T TTEATAEC P T TACATCARCRC TR TTTATECAC

AFO2O240 .0 (20477} RRATEPAGTT TRCAGRC T RCGOE TTIGARC ACETTG 1T A TGP T TR ARCC AGRA GATTA T PUCA G TTTREATET
HC_DOL84E. 1_ (20477} AMATATAGPTTACADGACTACOCGTTIGANC ACHTTGITTATGITAGTTTEARCCAGRAGATTA T JGAGSTITRCATTT
AFZOEOE6,1_ (20313} ARATATAGTTTACAGSADTACEOS T T RARCATETIGTTIATEFTAG T TCARCEAGRAARTC AT ToaAGTTITRCATET
WC_002645.1_ (18294} RRCTADCSTCTAEAGSATT TEAA T TC GRGeAE T TG TC AT CE T CA TG TE TCARARRC PACTC SASGOGETI TACREET

IS!C_L'ID!J!-S.I_ (1SNEd) ﬂmmmhﬂmm“mcmcmm
MC O04TLE. 3 (20220) ColTABRAGCTY TATHEC T TC AR AL AT Ol T T A T G AGA T TC ARG T EA TS AL AL TPGUC ST T TEA ST
WC_003045.1_ (20226} ARNGTATGETTTEAAREACTATECCT TEGANCACATIGTTTAT T

AFO29248.1_  (20557) GOTTATTOOCTTAGCOCOTACGCNECARMAN TCCAMTCTROTRAT P AACA BTTCATEACK — - EACCACTETABERTTE
HC_BOAAAE 1_  (FO887) GOTTATTGRCTTABCCCGTAGGCRAGCARRAA TCCARTCTGETRATTCARGAGTTCRTBACK- - - BREGACTCTARCATTE
AFZOE0E6, 1 (20392) SUTIATIGECTIAGCCCG AGGC AR AR TCCART TR TAT SO AR GAGTTC GO UG~ ~ EACGACTC TARCRTIL
WC_002645.1_ (19374} @TTGATTTCACAARTACHTCTEAGTAARATGGGEATC TTAMAGICAGAGIAGTTIOTBOCAGCASC TUACATAACACTCA
HE D03436.1 (19444} AETRATTTCOOAS BT T TG Ce TE TR TG CE T TE ST TAA AT A G A CAG TT B TR TC TASTANTCATASCACSTTAR
HE_OO4TLIE .3 (20300} ARFCATASEEFIASEERLC T CAERNCRT B A ST AR R IAC A CAPTFRA TEC T -~ MISERERCOACRTIA
HC_003%4% 1 (30304 STTRATAGGCTTIG TACCRARGACAGCARACT PUCARTCTGHT TATTCAGFAFTTTRTTTCA - - - TRCGACTCCAGCATAL

AFUZSZAE.1_ (20634} ATTCGTACTTTATCACTAACGAGANCAGTIGTAGTAGTANGAGTG TE TGCACTET TATIGATITATIGE TAGATGATTTT
HE_ 0018461 (20E34] ATTCCTACTETATOACTEACEAGRACACTEE TASTAG TR GRETC TG TECA TS T A TIGATI T AT TS TAGAE CRTTTT
AF208066.1_  (20469) ACTCOTACTTTATCACTEACGAGARCASTIGTACCAGTANGRETC TG TG CACTOTTATIGATITC T TR TAART GATTTT
HE_ 002645, 1_  (AP454) ARTRTTGTACTGTBACTTATCTTARTRATCE SAFT TC TAAGAL TG T T TE TRACT TACATRGATT T T IRE THRAT AT TTT
HE 003436.1 (19524} ASTCATGTACTSTTACATATGCT GASAACT: TASTRETANGATIGT T TSCACSTATATOGATC TOCIRC T TRACEATTTT
WC_O04TLE. 3_ (20377} ARAATTAETTCATAACARATGCECANCASE T TCATCARAA TR G T TG TTCIETGATIGATCT TT TACT TEATEACTTT
Hie_ 003045 . 1_  (20303) ACTETTATEOTATEA TR TGAGA A TGS CETAG T A GRETC T T T EACTRTTATAGATAT PRTRE TEEARGATTTT

Fig 1. The multi-alignment result of genomic sequences. AF029248, NC_001846 and AF208066 are the genomic sequences
of three MHYV strains. NC_002745 is the genomic sequence of HCoV 229E. NC_003436 is the genomic sequence of PEDV.
Nc_004718 is the genomic sequence of SARS-CoV. NC_003045 is the genomic sequence of BCoV. The packaging signals
(PS) of all viruses are mapped in this figure, together with the conserved 69 bp packaging signal of MHV.
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Fig 2. The RNA secondary structures modeled by using RNA structure 3.71. (A)-(E) are the RNA secondary structures of
MHYV, BCoV, HCoV 229E, PEDV, and SARS-CoV, respectively. The possible key packaging signals are indicated with
rectangle on the top of the long stem-loop structures.
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Fig 3. The secondary structures of the possible key packaging signals on the top of the long stem-loop structures (see Fig 2).
(A)-(E) are the possible key packaging signals of MHV, BCoV, HCoV 229E, PEDV, and SARS-CoV viruses, respectively.

further interacts with the M protein’®”, the packaging
process can be expressed with aformula: [(Packaging
signal = ® N protein) - ® M protein]. Therelatively
high mutation ratio in the primary sequences of the ge-
nomic packaging signal selectively pressestothe N pro-
teins directly, which may finally influence the primary
sequences of the N and M proteins. Inthisstudy, multi-
alignments were aso performed on the N and M pro-
teinsof the SARS-CoV, MHV, BCoV, PEDV, and HCoV
229E (Fig4). Muti-alignmentsindicated that the middle
and C-terminal regions of the N proteins were active
for mutation (Fig 4A), and the M proteins were more
conservative than the N proteins. The mutation fre-
guencies of the packaging signal, N protein, and M pro-
tein give an order of packaging signal > N protein> M
protein. Thisrelationship isin good agreement with the
order of their mutual interactions, providing an addi-
tional proof that the packaging signal of SARS-CoV is
situated in the highly variable region (Fig 1).
Antisense RNA and RNAI targeting the ge-
nomic packaging signal of SARS-CoV Antisense
RNA technology has provided a prospective avenue for
therapeutic applications since the middle of 1980s. Tar-
get MRNA transcripts may specifically interact with their
complementary sequences of RNA, DNA, or chemi-
cally modified mucleic acids, thereby inhibiting their

trandation™. RNA interference (RNAI) techniqueswere
developed based on the structure and function studies
of nucleic acids. In several RNAi models, the designed
double strand RNA (dsRNA) activatesanormal cellular
process, leading to a highly specific RNA degradation
and, perhaps more importantly, making a cell-to-cell
spreading for the gene silencing effect®. Asa positive
single strand RNA virus, SARS-CoV is especially ap-
propriate to be used as target for therapeutic antisense
RNAs and RNAis. For the essential role of the ge-
nomic packaging signal in virion assemble and
replication, the hypothetic packaging signal sequence
and sequences around it addressed in this study may
serve as a good template to design antisense RNA or
RNAI. Thereplication of SARS-CoV genome might be
effectively restrained or destroyed without genomic

packaging signals.

CONCLUSIONS

In conclusion, genomic packaging signals of
coronaviruses enable the whole genome being pack-
aged into virion correctly. Though it has been reported
that some subgenomic RNA can also be packaged into
virions, but its efficiency for subgenomic packaging is
very low®"®! |n this research, the primary sequence
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Fig 4. The multi-alignment result of N proteins and M proteins. (A) The multi-alignment result of the N proteins,
gi_12175753 is the HCoV 229E N protein; gi_19387581 is the PEDV N protein; gi_ 15081553 is the BCoV N protein; gi_2641131
is the MHV N protein; gi_29836503 is the SARS-CoV N protein. (B) The multi-alignment result of the M proteins,
gi 12175752 is the HCoV 229E M protein; gi_19387580 is the PEDV M protein; gi_15081552 is the BCoV M proetein;
gi_2641132 is the MHV M protein; gi_29836504 is the SARS-CoV M protein. The transmembrane helices are indicated with
red “H”, the out membrane N terminal of the M protein was indicated with blue “O”, and the C terminal cytoplasmic
sequence is indicated with green “I”.
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and the secondary structure of the probable packaging
signal region of SARS_CoV have been addressed em-
ploying various bioinformatics methods. For the re-
gions where the packaging signalslocated, the primary
sequences of SARS-CoV, HCoV, and PEDV show dif-
ferent profilesfrom that of MHV and BCoV. The sec-
ondary structure comparison pointed out that the pos-
sible genomic packaging signal of SARS-CoV, similar
to MHV and BCoV, located at the top of a long stem-
loop structure. Similar results were also obtained for
the PEDV and HCoV. Similar to other coronaviruses,
the genomic packaging sgnal of SARS _CoV isalso char-
acterized by high homology in secondary structure but
high variability in primary sequences. The high muta-
tion ratio in the region of genomic packaging signals
selectively press the evolution of N and M proteins.
The multi-alignments revealed that the N proteins of
coronaviruses may also undergo rounds of mutations,
but much weaker than the packaging signal region. Only
subtle variations were detected in the M proteins of dif-
ferent coronaviruses. The possible reason is that the
structure of the N protein-packaging signal complex is
highly conserved. The key sequences of packaging
signals proposed in this study provided useful cluesin
designing antisense RNAsor RNAI. Furthermore, find-
ing anal ogs similar to the genomic packaging signal is
another way for anti-SARS drugs.
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