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(57) Sang ché€ d¢€ cap dén vacxin phong bénh dai an toan, hiéu qua va gia thanh
ré.

Sang ch€ dé cap dén virut gay bénh dai dot bién bao goém it nhat mot goc
axit amin khong phai 1a phenylalanin & vi tri 273 trong protein N, mot goc axit
amin khong phai la tyrosin & vi tri 394 trong protein N va mot goc axit amin
khong phai la arginin hoac lysin 6 vi tri 333 trong protein G trong céc protein
ciu tric cua virut gay bénh dai nay (vi du, ching ERA-N273/394-G333 trén
Fig.2). Viéc dua vao dot bién axit amin & vi tri 333 trong protein G dé lam gidm
doc luc va viéc dua vao cdc dot bi€n axit amin & vi trf 273 va 394 trong protein N
c6 thé cai thién kha nang sinh mién dich va c6 thé 1am tang do an toan. Ngoai ra,
c6 thé ngan chan su phuc héi doc luc biang cach dwa dot biét axit amin vao cdc vi
tri 273 va 394 trong protein N ngay ca khi goc axit amin & vi tri 194 trong
protein G bi dot bién thanh lysin. Diéu nay c6 thé lam gidm nguy co phuc hoi
kha nang gay bénh do dot bién tu phdt va ngoai ra con lam tang do an toan. Sing
ché con dé cap dén ché€ pham vacxin phong bénh dai chita virut gay bénh dai dot
bién; va phuong phap san xuit vacxin phong bénh dai.
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Linh vwe ky thuit dwoc dé cip

Sang ché dé cap dén virut gay bénh dai dot bién bao gdm it nhit mot gbe axit amin
khong phai 1 phenylalanin & vi tri 273 trong protein N, mot gdc axit amin khong phai 1a
tyrosin & vi tri 394 trong protein N va mot gbe axit amin khong phai 13 arginin hodc lysin
& vi tri 333 trong protein G trong protein cdu triic cua virut gy bénh dai. Sang ché con dé
cap dén ché phém vacxin phong bénh dai chtra virut gy bénh dai dot bién nay; va
phuong phép san xuét vacxin phong bénh dai.

Tinh trang k§ thuit ciia sang ché

Bénh dai 13 bénh truyén nhidm tir dong vat do sy lay nhiém virut gdy bénh dai
qua vét cin va vét thuong tuong tu. Hién nay van chua tim ra phuong phap diéu tri, va
khi phét bénh thi ty 1é tir vong gan nhu 1a 100% v&i cc tridu ching than kinh dir doi.

Virut gdy bénh dai lay nhiém trén pham vi vat chu rat réng, dugc cho 13 lay
nhidm cho tit ca dong vat c¢6 vi, bao gdm ngudi. Ngudn 14y nhidm chinh 1a cho & céc
nudc dang phat trién, va dong vat hoang da nhu céo, géu trac, chdn va doi & cdc nude
phat trién. Hién nay, theo uéc tinh mdi ndm c6 t6i hon 50.000 ngudi chét vi bénh dai.

Bénh dai ¢6 thé dugc phong ngira bing cach tiém ching, va hién nay vacxin bét
hoat phong bénh dai dd duoc st dung rong rai. Tuy nhién, dbi voi vacxin bét hoat, can
phéi c6 lugng khang nguyén 16n dé dat duoc tac dung du, do d6 lam ting gi4 thanh cia
vacxin. Mat khdac, vacxin séng giam doc luc dit ra mbi lo ngai vé dd an toan, mac du
ching duoc san xuét it tdn kém hon vacxin bét hoat. Do dé, vacxin nay chua duoc su
dung rong rai dic biét 1a & cic nude dang phat trién va cac qudc gia tuong tu.

Virut gay bénh dai dugc Xép vao loai Rhabdoviridae Lyssavirus. Hat virut co

dang hinh vién dan, chiéu rong tr 60 dén 110nm va chiéu dai tir 130 dén 250nm, va bao
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gbm 5 protein cdu tric: protein G, protein M, protein N, protein P va protein L. Bd gen
clia virut 14 ARN soi don, am ¢6 chiéu dai do khoang 12.000 bazo trong d6 cac gen ma
hoa cho 5 protein cAu tric o vi tri theo thir tula N, P, M, G va L theo huéng ngugc chiéu
(v6i phia dau 3°).

Trong nhitng nim gan ddy, tién bd trong cac nghién ctru vé yéu t§ gay bénh quyét
dinh dbi véi virut gdy bénh dai va cac yéu td tuong tu dd phat hién ra réng viéc thay thé
gbc axit amin & vi tri 333 trong protein G bing gbe axit amin khong phai la arginin hoac
lysin ¢6 thé lam suy giam doc luc cta virut ndy (xem tai liéu phi sang ché 1 va tai liéu
tuong tu). Ngoai ra, thuc t€, virut ma co dua vao dot bién axit amin dé lam gidm doc luc
& vi tri 333 & protein G dugce st dung & chau Au va céc khu vuc khac lam vacxin séng
giam doc lyc dé gdy mién dich qua dudng ubng cho doéng vat hoang da (xem tai liéu sang
ché 1 va tai liéu tuong tu).

Céc nghién clru da chi ra ré‘mg virut dot bién giam doc luc tré nén c6 ddc luc néu
vi tri 194 & protein G bi dot bién tu phéat thanh lysin ngay ca khi c6 dua dot bién lam
giam doc luc vao vi tri 333 & protein G (xem tai liéu phi sang ché 2). Vi ly do nay, phat
sinh mdi lo ngai vé sy phuc hdi kha ning giy bénh do dot bién tw phéat & vi tri 194 &
protein G. Do do, virut dot bién giam doc luc chi co6 dot bién & vi tri 333 trong protein G
khong tat yéu cho thiy du do an toan.

Céc tAc gia sang ché da thong bao ring & chung Ni-CE, 1 ching gdy bénh dai
giam doc luc, cac gbe axit amin ¢ vi tri 273 va 394 & protein N cua chiing gay bénh dai la
quan trong ddi véi dép tmg khang virut qua RIG-I (gen I ¢6 thé dugc giy cam ung bdi
axit retinoic - Retinoic acid-inducible gene I) va khd ning gdy bénh (xem tai liéu phi sang

ché 3).
Ngoai ra, cac tai liéu phi sang ché 4 va 5 md ta quy trinh téng hop nhén tao ching

dot bién virut gy bénh dai bing phuong phép di truyén nguge nhu duge mo ta dudi day.

Danh muc tai liéu trich dan
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Ban chit k§ thuit ciia sang ché

Vén dé k¥ thuat can giai quyét

Nhu mo ta trén day, vacxin séng gidm doc luyc phong bénh dai dat ra mbi lo ngai
vé d6 an toan nhu sy phuc hoi kha nang gay bénh mdc du ching c¢o thé duoc san xuét it
tén kém hon vacxin bét hoat. Do d6, muc dich cua sang ché 1a d& xuit vacxin phong bénh
dai an toan, hiéu qua va gia thanh ré.

Giai phap dé giai quyét vin dé dit ra
Céc tac gia sdng ché da phat hién méi ring & virut gdy bénh dai giam doc luc ¢6

dua vao dot bién thay thé axit amin & vi tri 333 trong protein G, thudc protein ciu triic
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cda virut gdy bénh dai, c6 theé dua vao ciac dot bién axit amin bo sung & céac vi tri 273 va
394 trong protein N dé cai thién kha ning gdy mién dich va do an toan. Cac tac gia sang
ché cling phat hién ra rdng, virut ndy khong tré nén c6 doc luc ngay ca khi goc axit amin

& vi tri 194 trong protein G bi dot bién thanh lysin.

Do do, sang ché dé xuét virut gdy bénh dai dot bién bao gém it nhat mot géc axit
amin khong phai 13 phenylalanin & vi tri 273 trong protein N, médt gbc axit amin khong
phai 12 tyrosin & vi tri 394 trong protein N va mot gdc axit amin khong phai 13 arginin
hodc lysin & vi tri 333 trong protein G trong céc protein cdu tric cua virut gy bénh dai
nay. Sang ché con dé xudt ché phidm vacxin phong bénh dai chira virut gdy bénh dai dot

bi€n nay va cac ché pham tuong tu.

Viée dua vao dot bién axit amin & vi tri 333 trong protein G c6 thé 1am giam ddc
luc ctia virut gay bénh dai trong khi dé viéc dua vao cac dot bién axit amin & vi trf 273 va
394 trong protein N c¢6 thé cai thién kha ning sinh mién dich. Hon nita, néu dua vao céc
dot bién axit amin & vi tri 273 va 394 trong protein N cling v6i & vi tri 333 trong protein
G, c6 thé dat duoc tac dung mién dich du véi lidu chét tiém chung it hon so véi truong
hop chi dua vao dot bién & vi tri 333 trong protein G, dan dén liéu chit tiém chung it hon

va do an toan cao hon.

Ngoai ra, su phuc hdi doc luc ¢o thé duge ngin chan béng cach dua vao cac dot
bién axit amin & vi tri 273 va 394 trong protein N, ngay ca khi gbc axit amin & vi tri 194
trong protein G bi dot bién thanh lysin. Pidu nay c¢6 thé lam giam kha ning phuc hdi kha

ning gy bénh do dot bién tu phat va ngoai ra con 1am ting do an toan.

Do d6, séng ché hitu dung lam ché phim vacxin phong bénh dai chta virut gy
bénh dai dot bién. Viéc dung ché phém vacxin nay co thé c6 tac dung dé phong ngtra

va/hodc diéu tri bénh dai.

Ngoai ra, do virut téi td hop nay ciing c6 thé dugc téng hop nhan tao bang cach
nudi cdy té bao, nén c6 thé dé dang san xuét ché pham vacxin phong bénh dai twong dbi
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ré, vi du trong truong hgp st dung virut nay lam vacxin song giam doc luc.

Hiéu qua c6 lgi ctia sang ché

Sang ché c6 thé lam tang kha nang sinh mién dich. Ngoai ra, sang ché con tao ra
vacxin phong bénh dai hiéu qua véi gia thanh ré, it lo ngai vé do an toan nhu su phuc hdi
kha ning gdy bénh do dot bién tu phat.

Mo ta van tat cac hinh vé

Fig.1 thé hién so dd minh hoa d6 chuin cta khang thé trung hoa trong huyét thanh

méu chudt tir chudt dugc gy mién dich béng ching ERA-N273/394-G333 trong vi du 3.

Fig.2 thé hién so dd minh hoa tri s6 EDs, (lidu c6 tac dung trén 50% dbi twong)

ctuia ching ERA-N273/394-G333 trong vi du 4.

Fig.3A thé hién so dd minh hoa ty 1& séng sot khi ching ERA-G194/333 duoc

ching nglra vao trong ndo trong vi du 5.

Fig3B thé hién so d6 minh hoa ty 16 séng s6t khi ching
ERA-N273/394-G194/333 dugc ching ngira vao trong ndo trong vi du 5.
MBS ta chi tiét sang ché

Virut gdy bénh dai dot bién theo sang ché

Sang ché dé& xuét virut gay bénh dai dot bién bét ky bao gdm it nhit mot gdc axit
amin khong phai 1a phenylalanin & vi tri 273 trong protein N, mot gbc axit amin khong
phai 1a tyrosin & vi tri 394 trong protein N va mdt gdc axit amin khong phai 14 arginin
hoic lysin & vi tri 333 trong protein G trong cac protein ciu tric cta virut gdy bénh dai.
Tuy nhién, sang ché khong bi gidi han béi cac phuong phap tao virut va phuong phéap
tuong tw, va bao ham & pham vi rong, vi du, cac virut dot bién thu duoc béng cach
chuyén vao phoi ga va/hodc nudi céy té bao, cac virut dot bién thu duogc béng cach téng
hop nhén tao nhd sir dung ADN bd tro (complementary DNA-cDNA) va céc dang tuong

tu.
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Virut gay bénh dai c6 thé dugc lam giam doc luc bing cach it nhét 1an lugt thay
thé phenylalanin & vi tri 273 trong protein N bang axit amin khac; tyrosin & vi trf 394
trong protein N bang axit amin khac; va arginin hodc lysin & vi tri 333 trong protein G
bang axit amin khic trong cac protein ciu tric cta virut giy bénh dai. Cac dot bién nay
c6 thé cai thién kha ning sinh mién dich va do an toan, va lam giam céc nguy co nhu su

phuc hdi kha niang gy bénh do dot bién tu phat.

Khong c6 gidi han cu thé vé trinh ty axit amin ngoai trir & céc vi tri 273 va 394
trong protein N; va & vi tri 333 trong protein G mién 14 trinh tu d6 gin nhu gidng véi
trinh tu ctia ching virut gdy bénh dai da biét. Cac chung virut gdy bénh dai ¢6 trinh tu
axit amin d3 biét bao g61n, vi dy, chung CVS, ching ERA, ching Nishigahara, chung
HEP-Flury, ching LEP-Flury, ching SAD Bern, ching SAD B19 va céc ching tuong tu.
Thuét ngit “gan nhu gidng” c¢6 nghia 14 trinh ty axit amin trong ving twong tmg c6 mirc

do twong dong tir 80 dén 100%, tt hon nita 12 tir 90 dén 100%.

Khoéng c6 gi6i han cu thé vé cac gdc axit amin & vi tri 273 trong protein N mién 1a
chung 1a céc gbe axit amin khong phai 12 phenylalanin. Vi du, vu tién 13 gbc bét ky trong
sb céc géc glyxin, alanin, valin, leuxin, isoleuxin, serin, threonin, Xystein, metionin,
asparagin, glutamin, prolin, tyrosin, tryptophan, axit aspartic, axit glutamic, arginin, lysin,
hodc histidin. Uu tién hon 1a gdc bat ky trong s cac gbe valin, leuxin hodc isoleuxin, va

uu tién nhat 1a leuxin.

Khong ¢6 gi6i han cu thé vé cac gdc axit amin & vi tri 394 trong protein N mién 1a
chung 14 cac gbe axit amin khong phai tyrosin. Vi du, uu tién 1a gbc bét ky trong s cac
géc glyxin, alanin, valin, leuxin, isoleuxin, serin, threonin, xystein, metionin, asparagin,
glutamin, prolin, phenylalanin, tryptophan, axit aspartic, axit glutamic, arginin, lysin,
hodc histidin. Uu tién hon 1a gbc bét ky trong sb cac gdc arginin, lysin hodc histidin, va
uu tién nhat 1a histidin.

Khong ¢6 gi6i han cy thé vé cac gde axit amin & vi trf 333 trong protein G mién 1a
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ching 1a cac gdc axit amin khong phai arginin hodc lysin. Vi du, uu tién 14 gbc bt ky
trong sb cac géc glyxin, alanin, valin, leuxin, isoleuxin, serin, threonin, xystein, metionin,
asparagin, glutamin, prolin, phenylalanin, tyrosin, tryptophan, axit aspartic, axit glutamic
hoic histidin. Uu tién hon 1a géc bét ky trong sb céc géc glyxin, leuxin, isoleuxin, serin,

metionin hodc axit glutamic, va uu tién nhat la axit glutamic.

Virut gdy bénh dai dot bién c6 leuxin & vi tri 273 trong protein N, histidin & vi tri
394 trong protein N va axit glutamic & vi tri 333 trong protein G bao gdm virut giy bénh
dai d6t bién bao gdm protein N ¢6 trinh tu axit amin néu trong SEQ ID: NO. 1 va protein
G c¢6 trinh tu axit amin néu trong SEQ ID: NO. 2 1a cac protein ciu tric.

Ché pham vacxin phong bénh dai theo sdng ché

Sang ché dé xuét ché pham vacxin phong bénh dai bt ky chira it nhét virut gy

bénh dai dot bién néu trén.

Virut gdy bénh dai dot bién theo sadng ché c6 thé dugce sir dung cho vacxin song
giam doc luc hodc vacxin bat hoat. Tuy nhién, uu tién hon 1a st dung trong vacxin song
giam doc luc bdi vi c6 thé san xuat cac dang bao ché vacxin phong bénh dai twong doi ré

v41 hiéu qua cao lam vacxin.

Chét dém, chét lam déng truong, chét 1am diu nhe, chét kh trung, chét chéng oxi
héa va cac chét tuong tu co thé duoc bd sung thich hgp vao vacxin theo y dinh va muc

dich cu thé.

Vi du uu tién vé cdc chat dém co6 thé bao gé)ln, vi du, cac dung dich dém nhu
phosphat, axetat, cacbonat, xitrat va cac dung dich tuong tu.

Vi du vu tién vé chat lam dang truong cé thé bao gdm, vi dy, natri clorua, glyxerin,

D-manitol va céc chit tuong tu.

Vi du vu tién vé chat 1am diu nhe ¢6 thé bao gom, vi dy, rugu benzyl va céc chat

tuong tu.
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Vi du wu tién vé chit khu trung cé thé bao gém, vi du, thimerosal,
p-hydroxybenzoat este, phenoxyetanol, clobutanol, rugu benzyl, rugu phenetyl, axit
dehydroaxetic, axit sorbic, cac chét khir tring khéc, chit khang sinh, chét khang khuén

tong hop va cac chit twong tu.

Vi du uu tién vé chat chong oxi hda cd thé bao gdm, vi du, sulfit, axit ascorbic va

céc chét tuong tu.

Ngoai cac chét nay, ché phdm c6 thé con chira cac thanh phén bd trg nhu cac chét
mau hip phu anh sang (riboflavin, adenin, adenosin va cic chét tuong tu) lam céc chit bd
tro cho viéc bao quan va hi¢u luc; cac chét tao cang/khur (vitamin C, axit Xitric va cac
chét tuong tu) dé 1am 6n dinh; cac hop chét cacbohydrat (sorbitol, lactoza, manitol, tinh
bot, sucroza, glucoza, dextran va cac chét trong tu); chét phan hily cazein; cac vitamin va

cac chat tuong tu.

Khoéng c6 gidi han cu thé vé dang liéu ciia ché pham vacxin, va dang lidu bét ky
da biét co thé duoc st dung. Vi dy, ¢o thé sur dung ché phém dang long. Mot cach khéc 1a

c6 thé tron véi thie an dé dung qua duong miéng sau khi lam khd lanh.

Mat khac, khi st dung ché phém vacxin bat hoat, viéc lam bét hoat c6 thé duoc
thuc hién bang phuong phap da biét nhu xt Iy vat Iy méi truong nudi ciy (chibu tia cuc
tim, chiéu tia X, x&r 1y nhiét, siéu 4m va phuong phap twong tu), xir Iy héa hoc (xu 1y
bang cac dung méi hitu co nhu formalin, cloroform va cac dung méi tuong tu; xi Iy bing
axit yéu nhu axit axetic; xt Iy bang c¢on, clo, thiy ngin va cac chit tuong tu) va cac

phuong phap tuong tu.

Vi du, viéc bat hoat b:?lng formalin c6 thé thuc hién bﬁmg cach b sung formalin
vao moi truong nudi cdy ¢ nong dd nam trong khoang tir 0,001 dén 2,0% thé tich, tét hon
nira 1a ndm trong khoang tir 0,01 dén 1,0%, va lam nhay mdi trrong nudi cdy & nhiét do
tir 4 ¢én 30°C trong thoi gian tir 1 dén 3 ngay. Vi du, virut bt hoat ¢6 thé duoc ria bing
dém dé loai bo cac tic nhan lam bét hoat nhu formalin; hodc c6 thé bd sung tdc nhan
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trung hoa vao virut duge bét hoat dé trung hoa. Ngoai ra, c6 thé sir dung phwong phép loc

qua mang, ly tim va cac phuong phap twong tu dé thu hdi virut bat hoat.

Khoéng c6 gidi han cu thé vé lugng virut bat hoat dugc chira trong vacxin bét hoat.
Tuy nhién, vi dy, lugng virut trude khi lam bét hoat tot hon 13 ndm trong khoang tir 10°
dén 10" FFU (don vi hinh thanh 6 bénh do virut — focus forming unit), tdt hon nita 1a

nim trong khoéang tir 10* dn 10" FFU.

Khi sir dung lam ché phim vacxin bit hoat, c6 thé bd sung cac ta dugc da biét.
Céc ta duoc da biét bao gém, vi dy, dau dong vét (cac hydrocacbon khong bdo hoa va cac
chét tuong tu) hodc dau duoc hydro hoéa cta ching; dau thuc vat (déu co, diu thau dau va
cac loai dau tuong tu) hodc dau duoc hydro héa ctia chiung; t4 duoc trén co s& dau bao
gdm manitol oleat khan, parafin léng, polybuten, caprylat, oleat, este ctia axit béo mach
dai va cac chét tuong tu; td duge tan trong nude nhu PCPP, saponin, mangan gluconat,
canxi gluconat, mangan glyxerophosphat, nhom axetat hoa tan, nhom salixylat, copolyme
clia acrylat, copolyme clia metacrylat, copolyme cua anhydrit maleic, polyme cta din
xuét alkenyl, nhii twong diu trong nudc, lipit cation chira ion amoni béc bén; céc ta dugc
két tha nhu nhom hydroxit (alum) va natri hydroxit; cic thanh phan ddc té tir vi sinh vat
nhu doc t6 khuén ta, doc td khong bén nhiét tir E. coli va cac doc td tuong tu; va bentonit
khéc; dan xuét dipeptit muramyl; intolokin va cac chit tuong tu. Ngoai ra, ¢6 thé st dung

hdn hop clia chiing.

Ngoai ra, ché phdm vacxin nay c¢6 thé 1a ché pham vacxin két hop duogc tron véi
mot hodc nhiu vacxin phong cac bénh khéc.
Phuong phap san xudt ché phim vacxin phong bénh dai theo sang ché

Sang ché dé xudt phuong phap bit ky dé san xuit ché phdm vacxin phong bénh
dai bao gébm budc tong hop nhédn tao virut gdy bénh dai dot bién néu trén bang phuong
phap nudi cay té bao.

Do virut gy bénh dai dot bién nay ciing c6 thé dugc téng hop nhan tao bang
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phuong phép di truyén nguge nho sit dung nudi cay t€ bao, nén c6 thé san xuat ché pham

vacxin tuong doi ré voi it sw khac nhau gitra cac 16 vacxin hon.
Dau tién, chuén bi plasmit cua bd gen cho virut gy bénh dai tai td hop.

Déi voi chiing virut gbe gay bénh dai, vi du c6 thé sir dung mdt trong s6 céc chung
néu trén. Céac dot bién dugc dua vao trong trinh ty bazo ma héa cho ba géc axit amin &
cac vi tri 273 va 394 trong protein N va vi tri 333 trong protein G nim trong ADN b trg
(cDNA) ctia bd gen c6 chidu dai du ciia ching virut gbe gdy bénh dai. Cac dot bién c6 thé
dugc dua vao bang phuong phap gy dot bién diém bat ky da biét nhu phuong phap PCR

g01 chong.

DPoan ADN bo tro dot bién dugc dua vao vecto plasmit & vi tri tach dong da diém
bang céch cét bang enzym gidi han va ndi lai va phuong phép twong ty. Trong truong
hop nay, vi du, dau 3’ cia ARN bd gen soi duong dugc téng hop nhan tao dugc phién ma
nhd T7 ARN polymeraza c6 thé gidng véi trinh tu cta virut ban dau bing cach sép sép
trinh tu ving khéi dong T7 & ving phia trude (vé phia ddu 3°) va trinh ty bazo ma hoa
cho ribozym ciia virut viém gan D & vung phia sau (vé phia ddu 5°) so v6i doan ADN b

tro.

Khong c6 gidi han cu thé vé cac vecto plasmit, va cac vecto da biét bt ky co thé

dugc su dung.

Tiép theo, plasmit bd gen cho virut gay bénh dai tai t& hop dugc chuyén nhiém
bang nudi ciy té bao dé cho phép biéu hién virut gay bénh dai tai td hop trong dich ndi
nudi cay. Khong c6 gidi han cu thé vé phuong phap chuyén nhidm, va co thé su dung
phuong phép da biét bt ky. Ngoai ra, dbi voi nubdi cdy té bao, cac té bao bit ky da bibt
dugc st dung rdng rai cd thé duoc st dung nhu té bao BHK, nhung, vi du, nudi céiy té
bao chii yéu biéu hién T7 ARN polymeraza c6 thé dugc thiét lap trong truong hop virut

duge biéu hién voi T7 ARN polymeraza.
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Khi plasmit bd gen cho virut gay bénh dai tai tb hgp duge chuyén nhiém, virut gy
bénh dai dot bién c6 thé duoc téng hgp mot cach hidu qua bang cach ddng chuyén nhiém
plasmit biéu hién protein N cia virut gdy bénh dai, plasmit biéu hién protein P cta virut

gdy bénh dai va plasmit biéu hién protein L ctia virut gy bénh dai lam cac plasmit hd tro.

Sau d6, virut gay bénh dai tai t hop dugc biéu hién trong dich ndi nudi ciy duoc
bd sung vao nudi ciy té bao dé biéu hién lugng 16n virut tai td hop. Dbi v6i nudi cy té
bao dugc st dung trong trudng hop nay, vi du, t& bao NA tir u nguyén bao thin kinh cta

chugt, t€ bao Vero va céc té bao tuong tu c6 thé duge st dung.

C6 thé thu hdi virut bing cac phuong phap da biét nhu ly tim va loc qua mang.
Ngoai ra, viéc san xudt virut tai t hop ¢6 thé duoc mo rong dé san xuét lugng 16n bang

cach bd sung virut thu dugc vao mé nudi cay té bao khac.

Trong truong hgp st dung virut tai td hop lam vacxin séng giam doc luc, vi duy,
chit dém, chét lam déng truong, chit 1am diu nhe, chit khur trung, chét chéng oxi hoa va
cac chét twong ty duge bd sung thich hop vao virut thu duoc dé tao ra san phdm thuong
mai. Trong truong hop st dung virut téi td hop lam vacxin bét hoat, vi du, sau khi lam bét
hoat virut béng phuong phéap da biét, chat dém, chét lam déng truong, chit lam diu nhe,
chit khur trung, chit chéng oxi héa va cac chit tuong tu dugc bd sung thich hop vao virut
thu dugc dé tao ra san phém thuong mai.

San xuat ché pham vacxin phong bénh dai bing cach st dung virut gdy bénh dai dot bién

theo sang ché

Sang ché dé xudt virut gdy bénh dai dot bién néu trén duogc sir dung theo phuong

phap bt ky dé san xuat ché phdm vacxin phong bénh dai.

Nho st dung virut gdy bénh dai dot bién dé san xuat ché phdm vacxin phong bénh
dai, c6 thé san xuét vacxin phong bénh dai trong dbi ré voi sb lwong 16n ma it lo ngai vé
d6 an toan nhu su phuc hdi kha nang gy bénh va cho thdy hiéu qué cta vacxin cao hon.
Ché pham vacxin phong bénh dai chua it nhét virut gy bénh dai dot bién theo sang ché
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dé phong ngira va/hodc didu tri bénh dai

Sang ché dé xuét ché phidm vacxin phong bénh dai chira it nhit virut gay bénh dai
ddt bién néu trén duogc st dung dé phong nglra va/hodc diéu tri bénh dai theo phuong
phép bt ky, bao gdbm it nhit budc st dung ché phdm vacxin phong bénh dai chua it nhét

virut gdy bénh dai dot bién néu trén.

Séng ché c6 thé dugce ap dung cho céc dong vat ¢ theé mac bénh dai, vi du, nguoi
va dong vat khong phai nguoi nhu chd, méo, céo, gau tric, chon, doi, chudt va cac dong

vat tuong tu.

Vi du, sy lay nhiém bénh dai c6 thé duoc phong ngua béng cach st dung ché
pham vacxin phong bénh dai cho ca thé khoe manh. Theo cach khac, ché phdm vacxin
phong bénh dai ¢6 thé duoc sir dung tich cuc ngay sau khi phoi nhiém virut gay bénh dai

qua vét cin nham kich thich phan tmg mién dich dé diéu trj bénh dai.

Ché pham vacxin phong bénh dai c¢6 thé duoc sit dung & dang dung dich bing
cach tiém dudi da, trong da, tiém bip va twong tu. Trong trudng hop dong vat hoang da,
ché phdm vacxin ¢6 thé duoc tron vao thie an va loai twong ty dé str dung qua duong
miéng. Khi str dung dang ché phdm vacxin séng giam ddc luc, vacxin nay c6 thé duoc su
dung véi lugng, vi du, tir 10° dén 10" FFU cho mdi liéu dé tiém duéi da, trong da, tiém
bdp va tuong tu trong khi dé vacxin nay duoc st dung voi luong, vi duy, tir 10* dén 10"
FFU cho mdi lidu dung qua dudong miéng. Khi st dung dang ché pham vacxin bét hoat,
vacxin nay dugc st dung véi lugng, vi duy, tu 10° dén 10" virut cho mdi lidu dé tiem dudi
da, trong da, tiém bép va tuong tu trong khi dé vacxin nay duoc st dung voi lugng, vi du,
tir 10* dén 10" virut cho médi lidu ding qua dudng miéng. Khong c6 gidi han cu thé vé
tan suét st dung, nhung vu tién la sit dung mot lidu hodc mot vai lidu vai khoang céch
thoi gian tir mot tudn dén ba thang. Mot hodc nhidu 1in st dung mdi nim cling dugc uu
tién.

Vi du thye hién sang ché
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Vidul

Trong vi du 1, virut gay bénh dai tai t6 hop duge téng hop nhén tao bing phuong

phap di truyén ngugc.

DPoan ADN bd trg dugce khuéch dai bé‘mg phuong phap PCR trong d¢ trinh ty ving
khdi dong ctia T7 va trinh tu bazo ma héa cho ribozym ctia virut viém gan D 1an lugt
duoc sip xép & phia truée (vé phia dau 3°) va ngay phia sau (vé phia ddu 5°) trén ADN
bd trg clia bd gen ¢ chidu dai du ctia ching ERA, 1a mdt trong cac chung virut gdy bénh
dai dugc ¢b dinh doc luc. Luu y réng trinh tu mé hoa cho ribozym cua virut viém gan D
dugc chén vao sao cho dau 3’ cia ARN bd gen soi duong dugc tdng hop nhan tao duogc

phién ma béi T7 ARN polymeraza 1a gidng véi trinh ty ctia virut gbc ban dau.

Poan ADN bb trg duoc chén vao vecto plasmit pUC19 & vi tri tach dong da diém
bing céch cit doan bing enzym gi6i han va ndi lai. Plasmit bd gen chira ADN bd trg cta
bd gen c6 chiéu dai du cia ching ERA (sau ddy duoc goi 1a “plasmit bo gen cta ching

ERA”) dugc tao ra nh¢ quy trinh néu trén.

Tiép theo, doan ADN bd trg, trong dé cac dot bién dugc dua vao trinh tu bazo cua
n6 sao cho ba gbc axit amin & cac vi tri 273 va 394 trong protein N va & vi tri 333 trong
protein G 1an lugt dugc thay thé bing leuxin, histidin va axit glutamic ctia bd gen c6
chiéu dai du ctia ching ERA duge khuéch dai bang phuong phap PCR gbi chdng st dung

plasmit bd gen dbi voi ching ERA lam khudn (xem tai liéu phi sang ché 4).

Bing cach cit doan nhd enzym gi6i han va ndi lai, ving mi hoéa cia ADN b trg
clia bd gen c6 chiéu dai du trén plasmit b gen cia chung ERA duoc thay thé bang doan
ADN b6 tro ctia bd gen ¢6 chiéu dai du dot bién. Plasmit bd gen chira ADN bb tro cia bd
gen c6 chiéu dai du cta ching dot bién (ching ERA-N273/394-G333), trong d6 ba dot
bién dugc dua vao trinh tu axit amin cua bd gen chidu dai du cua ching ERA, duoc tao ra
(sau diy duoc goi la plasmit bd gen cua “ching ERA-N273/394-G 333”) nh¢ st dung
quy trinh néu trén (déi véi trinh tu bazo ctia ciia bd gen clia ching ERA-N273/394-G333,
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xem trinh tu SEQ ID: NO. 3).

Ngoai ra, plasmit bd gen chira ADN bd trg ctia bd gen c6 chiéu dai du cta thé dot
bién (ching ERA-G333), trong d6 gbc axit amin & vi tri 333 trong protein G duoc thay
thé bang axit glutamic trén bd gen chidu dai du cta ching ERA, duoc tao ra (sau day

duoc goi la “Plasmit by gen cua ching ERA-G333”) nho st dung quy trinh tuong tu.

Két qua tir phén tich trinh tu da chi ra ring cac dot bién dich da c6 mit trén mdi

plasmit bo gen.

Tiép theo, mdi virut tai t6 hop duoc téng hop nhan tao nhd sir dung cac plasmit bd

gen nay.

Pau tién, plasmit biéu hién protein N ctia virut gay bénh dai, plasmit biéu hién
protein P cta virut gdy bénh dai va plasmit biéu hién protein L cda virut gdy bénh dai

dugc chudn bi 1am cac plasmit hd trg (xem tai liéu phi sang ché 5).

Vao ngay trudc d6, t& bao BHK chu yéu biéu hién T7 ARN polymeraza (sau day
duogc goi 1a “té bao BHK/T7-9”) dugc ciy trai trén dia nudi cdy md 24-giéng. Vao ngay
tiép theo, té bao BHK/T7-9 dugc déng chuyén nhiém plasmit bd gen (2pg/giéng) va ba
plasmit hd tro (0,4, 0,1 hodc 0,2p1g/mdi giéng), va dugc nudi cdy trong thoi gian tir 4 dén
5 ngay. Sau d6, gom dich ndi nudi cy va gitt ¢ nhiét d6 -80°C.

Ngoai ra, té bao BHK/T7-9 duoc chuyén nhiém dugc cb dinh, va sau d6 duoc
nhudm huynh quang bing khang thé don dong khang protein N cta virut gy bénh dai.
Sau d6, su biéu hién cta virut dot bién dugce xac nhin nho st dung tin hi¢u huynh quang
gia ting lam dau hiéu chi thi.

Tiép theo, chudn bi dung dich gdc cua virut tai t6 hop.

B sung dich ndi nudi cdy duoc thu gom, va nudi cdy té bao NA tir u nguyén bao
than kinh ctia chudt. Khi khoang 50% té bao bi tich ra do tic dong gy bénh té bao, gom

dich néi nuéi cdy. Ly tdm dich ndi nudi cdy, va gitt & nhiét d6 -80°C lam dung dich gbc
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cua virut dot bién.

Do d6 chuin virut dbi véi virut tai tb hop dugc tng hop nhén tao bing cic quy

trinh néu trén.

CAy trai mdi dung dich virut dugc pha lodng theo tht ty 10 14n trén t& bao NA
trong dia nudi cdy mo 24 giéng véi ndng d6 100pL/giéng. Té bao nay dugc dé tinh &
nhiét d6 37°C trong thoi gian 1 gid dé ching hap phu virut, va sau do rira cac té bao nay.
B6 sung moi truong nudi cay chia 0,5% metylxenluloza vao té€ bao, va nudi cdy & nhiét
d6 37°C trong thoi gian hai ngay. Sau khi ¢b dinh, té bao nhidm dwoc nhudm huynh
quang bang khang thé don dong khéng protein N cua virut gay bénh dai, va dém s6 luong
6 bénh do virut phat huynh quang trong mdi giéng. Pbi v6i d6 chudn virut, dém sb luong
don vi hinh thanh 6 bénh do virut (FFU: Focus forming unit)/mL duwa trén sb lugng 8
bénh trung binh quan sat duoc trong 3 giéng & cing d6 pha lodng.

Vidu?2

Trong vi du 2, nghién ctu sy ting sinh cia virut tai t6 hop (chung

ERA-N273/394-G333).

U té bao Vero dugc dinh bam trén binh nudi cdy T-25 véi ching ERA hodc ching
ERA-N273/394-G333 véi ty 1& gy nhiém (MOI - multiplicity of infection) = 0,01. Té
bao duoc dé tinh & nhiét do 37°C trong thoi gian 1 gio dé chung hip phu virut, va sau d6
rira cac té bao nay. B6 sung 7mL méi truong nudi cdy vao té bao ndy trén mdi binh, va
nudi cdy & nhiét do 37°C. Vo cac ngay 3, 5, 7, 9 va 11 sau khi gdy nhiém, thu 1y 100uL

moi truong moi lan, va do do chuan virut nhu trong vi du 1.

Két qua cho thdy rang do chuén virut cia ching ERA-N273/394-G333 trong té
bao Vero 12 1x10° FFU/mL hodc cao hon vao ngdy thir 7 sau khi gdy nhiém, va 1a 1x10®
FFU/mL hodc cao hon vao ngay thit 11 sau khi gdy nhiém, do chudn nay gin nhu gidng
v6i do chudn cia ching ERA. Cac két qua nay chi ra ring ngay ca khi céc gbc axit amin
¢ ba vi tri: vi tri 273 va 394 trong protein N va vi tri 333 trong protein G trong cac
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protein cdu tric cta virut gy bénh dai bi dot bién ddng thoi, virut nay khong cho thiy
suy giam kha nang tdng sinh.

Vidu3

Trong vi du 3, nghién ctru kha ning sinh mién dich ctia virut tai t6 hop (ching

ERA-N273/394-G333).

Ching ERA-G333 hoic ching ERA-N273/394-G333 & 10* FFU duogc ching ngira

trong co vao 5 con chudt ddY mdi nhém (chudt céi 6 tuan tudi) dé gy mién dich.

Hai tuan sau khi chiing ngira, rit mau tir chudt duge gdy mién dich, va huyét thanh
tlr méu ctia chiing duoc pha lodng hai 1an, va sau d6 dugc 1am bét hoat & nhiét do 56°C
trong thoi gian 30 phut. Tiép theo, tron huyét thanh tir mau dugc pha loang theo béc hai
14n nay (25uL) v6i dich virut (25uL) chira ching CVS tuong duong v6i 200 lan lidu gay
nhiém 50% té bao nuoi cdy mo. Sau khi duoc 1am nhay bang hdn hop nay & nhiét do 4°C
qua dém, khang thé trung hoa trong huyét thanh mau dugc pha lodng duoc lam nhay

bang virut nay.

CAy trai huyén phu té bao NA (3x10° t& bao/mL, 0,1 mL/giéng) trén dia nudi cly
md 96-giéng, va i v6i hdn hop huyét thanh mau-virut. Nudi ciy té bao & nhiét do 37°C
trong thoi gian 3 ngay. Sau khi ¢b dinh, t& bao nhiém dwgc nhudém huynh quang bang
khang thé don dong khang protein N ctia virut gdy bénh dai, va dém do chuén khang thé
trung hoa ctia virut bang phuong phap Reed va Munch. Trong khi d6, thuc hién phép do
tuong tu dbi v6i huyét thanh chudn [0,5 don vi qubc té (international unit —IU)/mL])
nhan dugc tir Office International des Epizooties (OIE) dé chuyén do chudn khang thé

trung hoa thanh don vi quéc té [IU/mL].

Két qua dugc thé hién trén Fig.1. Fig.1 thé hién so d6 minh hoa cac do chuin cua
khang thé trung hoa ctia huyét thanh mau chudt tir chudt duoc gdy mién dich bang ching
ERA-N273/394-G333. Trén Fig.1, “ERA-G333” va “ERA-N273/394-G333” trén truc
ngang lan lugt thé hién két qua tir chudt duge gay mién dich bing chung ERA 333 va két
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qua tir chudt duoc gy mién dich bang ching ERA-N273/394-G333. Truc dung thé hién

do6 chuan ctia khang thé trung hoa (don vi = IU/mL) cua huyét thanh méu cua chudt.

Nhu duoc thé hién trén Fig.1, trong trudng hop thuc hién viéc gdy mién dich bang
cach ching ngira trong co virut gdy bénh dai tai t hop vé6i lidu 10* FFU, chung
ERA-N273/394-G333 thé hién do chudn khang thé trung hoa 14 0,5 [U/mL hoidc cao hon
trong huyét thanh méau cta chudt dbi voi tit ca cac ca thé, gia tri ndy cao hon so véi
ching ERA-G333. Két qua nay da chimg minh ring ching ERA-N273/394-G333 ¢6 kha
néng sinh mién dich cao hon so véi chiing ERA-G333.

Vidu4

Trong vi du 4, nghién ctru virut tai to hop (ching ERA-N273/394-G333) v& tri s6

EDs, (liéu co tac dung trén 50% dbi tuong - 50% effective dose).

Chung ERA-G333 hodc ching ERA-N273/394-G333 véi lidu 10* dén 10° FFU
dugc ching ngira trong co vao 5 con chudt ddY mdi nhom (chudt cai, 6 tuan tudi) dé gay
mién dich. Sau tudn sau khi chung ngira, ching thir thach chudn dé kiém tra chit lugng
vacxin (chiing CVS) dugc chiing ngira trong nio vao chudt dugc gy mién dich véi lidu
gép 25 lan lidu gy chét 50%. Mdi con chudt dugc quan séat trong 14 ngay, va tinh trj sd

EDj5, (lidu c6 tac dung trén 50% ddi twgng) ciia mdi ching tir ty 16 song sot cua chung.

Két qua dugc thé hién trén Fig.2. Fig.2 thé hién so dd minh hoa tri s§ EDs, (lidu
¢6 tac dung trén 50% ddi twong) cua chung ERA-N273/394-G333. Trén Fig.2,
“ERA-G333” va “ERA-N273/394-G333” trén truc ngang lan lugt thé hién cac két qua tir
chiing ERA-G333 va cic két qua tir chiing ERA-N273/394-G333. Truc dimg thé hién tri

s6 EDs (liéu c6 tac dung trén 50% dbi twong, don vi =FFU).

Nhu dugc thé hién trén Fig.2, tri s6 EDsq (lidu c¢6 tic dung trén 50% ddi tuong)
clia ching ERA-N273/394-G333 14 5.000 FFU hodc thip hon, va c6 thé thu duoc tac

dung tuong tu tir khoang 1/3 lidu nay ctia ching ERA-G333.
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Két qua nay dé xuét rang kha niang sinh mién dich duoc cai thién dbi v6i ching
trong d6 cac dot bién duge dua vao vi tri 333 trong protein G va cac vi tri 273 va 394
trong protein N so v&i ching trong d6 dot bién chi duoc dua vao vi tri 333 trong protein
G. Ngoai ra, vi kha nang sinh mién dich dugc cai thién, c6 kha ndng thu dugc tdc dung
mién dich tuong tw véi lidu thap hon. Do do, cac két qua tir nghién ctru nay dé xuit ring

lidu gdy mién dich thip hon c6 thé dan dén do an toan dugc cai thién hon.

Céc két qua néu trén trong vi du 3 va 4 ching td ring ching ERA-N273/394-G333
¢6 kha ning sinh mién dich va do an toan cao hon, tic 1a chiing nay hitu dung 1am vacxin
sdng giam doc luc dé phong bénh dai.

Vidus

Nhur dirge mb ta ndu trén, biét rang dot bién gen thay thé axit amin bang lysin & vi
tri 194 trong protein G ¢6 thé phuc hdi doc luc va kha ning gy bénh cia virut gdy bénh
dai ngay ca khi virut ndy da dugc lam giam doc luc bang cach dua vao dot bién axit amin
o vi tri 333 trong protein G. Theo do, trong vi du 5, li€u viéc dot bién axit amin thanh
lysin & vi tri 194 trong protein G ctia chung ERA-N273/394-G333 c6 dan dén phuc hdi

ddc lyc cua virut nay hay khong duge nghién ctru.

Bing phuong phép twong tw nhu trong vi du 1, dot bién duoc dua vao plasmit bd
gen dbi véi ching ERA-N273/394-G333 hodc plasmit bd gen di voi chung ERA-G333
sao cho gbc axit amin & vi tri 194 trong protein G dugc thay thé bang lysin. Nho st dung
cac plasmit bo gen nay, bang phwong phap tuong tu nhu trong vi du 1, virut dot bién
(chiing ERA-N273/394-G194/333) trong d6 cac gbe axit amin & ba vi tri néu trén va & vi
tri 194 trong protein G bi dot bién trén bd gen chiéu dai du cta ching ERA; va virut dot
bién (chung ERA-G194/333), trong d6 cac gbe axit amin & cac vi tri 333 va 194 trong

protein G bi dot bién, dugc tong hop nhan tao.
Chiing ERA-N273/394-G194/333 hodc ching ERA-G194/333 véi liéu 107 dén 10*
FFU duogc chung nglra vao trong so vao 5 con chudt ddY mdi nhom (chudt céi, 6 tudn
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tudi). Mdi con chudt duge quan sat trong 18 ngdy, va nghién ctru didn bién vé ty 1& song

sét cia chung.

Két qua duoc thé hién trén cac Fig.3A va 3B. Fig.3A thé hién so dd minh hoa ty 18
sdng sot trong trudng hop ching ngira vao trong ndo ching ERA-G194/333. Fig.3B thé
hién so d6 minh hoa ty 18 sdng st trong trudng hop ching ngira vao trong ndo ching
ERA-N273/394-G194/333. Trén ca hai hinh v& nay, truc ngang va truc ding 1an luot thé
hién s ngay sau khi chiing ngira virut va ty 18 séng sot (%). Cac so dd nay thé hién céc
két qua tir truomg hop khong sir dung virut (khoéng gy nhidém) va két qua tir truong hop

stt dung virut vai lidu 10* dén 10* FFU.

Nhu dugc thé hién trén Fig.3A, trong trudng hop ching ERA-G194/333 dugc
chiing ngira vao trong nfo, vao ngay thir 17 sau khi chiing ngira, ty 18 séng st 12 20% véi
lidu chung ngtra 1a 10> FFU va 40% véi lidu chung ngira 1a 10° FFU, chi ra ring virut thé
hién su phuc hoi doc luc. Ngugec lai, nhu dugc thé hién trén Fig.3B, trong truong hop
chiing ERA-N273/394-G194/333 dugc chiing ngira vao trong nio, ty 1& sng sot 13 100%

O tat ca cac nong do, chi ra rdng virut khong thé hién su phuc hoi doc luc.

Céc két qua nay chi ra rang ching ERA-N273/394-G333 khong thé hién su phuc
hoi doc luc ngay ca khi gbe axit amin & vi tri 194 trong protein G bi thay thé bang lysin
do dot bién tur phét. Ngoai ra, cac két qua nay chi ra réng su phuc hoi doc lue c6 thé duoc
ngin chin bing cach dua vao dot bién axit amin & cac vi tri 273 va 394 trong protein N
cling nhu vi trf 333 trong protein G ngay cé khi gdc axit amin & vi tri 194 trong protein G
bi thay thé bang lysin, dé xut ring mdi lo ngai vé sy phuc hdi kha ning gay bénh do dot

bién tu phat 12 thip.
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YEU CAU BAO HO
1. Virut gdy bénh dai dot bién bao gdm it nhit mot gdc axit amin khong phai la
phenylalanin & vi tri 273 trong protein N, mot gdc axit amin khong phai 13 tyrosin & vi tri
394 trong protein N va mot gbc axit amin khong phai 1a arginin hodc lysin & vi tri 333
trong protein G trong cac protein céu triic cla virut gdy bénh dai ndy (ngoai trir chiing dot
bién Ni-CE ma vi tri 333 trong protein G ciia n6 duoc thay thé bing mot gbe axit amin

khong phai 14 arginin hoéc lysin).

2.Virut gay bénh dai dot bién theo diém 1, trong d6 gdc axit amin & vi tri 273 trong
protein N 13 leuxin; gbc axit amin & vi tri 394 trong protein N 13 histidin; va gbc axit

amin & vi tri 333 trong protein G 1a axit glutamic.

3. Virut gy bénh dai dot bién theo diém 1 hodc 2, bao g61n protein N co trinh tu axit
amin néu trong SEQ ID: NO. 1, va protein G c¢6 trinh ty axit amin néu trong SEQ ID: NO.

2 1a céac protein cau trac.

4. Ché pham vacxin phong bénh dai chira virut gdy bénh dai dot bién theo diém bét ky

trong so céac diém tu 1 dén 3.

5. Phuong phap san xuét vacxin phong bénh dai, bao gdm buée tdng hop nhan tao virut
giy bénh dai dot bién bao gdm it nhat mot gde axit amin khong phai 12 phenylalanin & vi
tri 273 trong protein N, mot gdc axit amin khong phai 1a tyrosin & vi tri 394 trong protein
N va mot gbc axit amin khong phai 1a arginin hodc lysin & vi tri 333 trong protein G
(ngoai trr chung dot bién Ni-CE ma vi tri 333 trong protein G ctia n6 duge thay thé bing

mot gdc axit amin khong phai 1a arginin hodc lysin) bang cach nuoi cay té bao.
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gcaccttgtt

catcatgaca

gtccctgagg

gattccaggg

gatgatactg

ggcagaatct

cttcagacac

tatatcccge

caacccttgg

catcaaagtc

aacatccctc

ctggtttttc

ccctggagece

gaaggatgca

gccataaaaa

aacttcgttg

gcatgtagag

caaaatccgt

gttatcatat

gtcttcccta

cacgattaca

accaatagta

agaggcctat

cttagactta

cctcccecgatce

gtagaggagt

accaagtcag

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260



tgagtttcag

ccatattcaa

atgagatcat

acggggtgtt

tgcaatcatc

tgcaccccct

ttgaagttca

actgggggaa

tcctgatgac

ggacagggag

cacacaagag

tcctgaagat

ctccttgaac

cagttgatca

gtgactaacg

agtgtctcgg

cggactcagg

agctcacaat

aagcttttca

ctgagatcta

tcgagttaga

actacaatct

aaacagggaa

ttttgaaaga

cacagtcaat

acgtctcagt

caagaccttg

cccttcaaaa

tttcaatggt

cctcctcceag

ggcagacccg

ccttcccgat

gtatgtatta

atgttgtaga

ggaggtgtca

tgggggtgag

cacctcccct

tccatgcaac

agcaagatca

gtactttcat

gtgactctgt

atgagttaat

catctcgcgt

gtcgagaaaa

cttcaagatg

ggctgaaccc

caactctcct

tagaccttat

ttatttcaag

gatttctctc

catttaagaa

atggaagccg

gggtgtttaa

ataatattag

caacatatgg

tctaccattt

gtgcacaatc

ctgagtgcag

agagtcaatc

gtcactcccce

accagactgt

tggggggttc

tgggtagatt

tgtagattct

tctccaggaa

gcttgggcac

tgagagaggc

ctcagcaaag

aaacattaga

ctcgatcctg

agaggaaccc

ttgatagaag

cggatgactc

aaggtagatt

tggttatatg
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aacttgtccc
atgctcacta
gagttggggg
gacctgacgg
agttgttgga
tcaaggacgg
aggtctcagg
gggccctgac
gatcagaacc
aaagcgggaa
gaggactggc
tttttgaaaa
caagagtcat
cataataggg
ctgacaccaa
agacaaaggt
agtcttcctc
tgtgcataat
tcagaagaac
gagaggtcta
ccattgtccc
atcctgctag
taacagacaa
tgggttctct

gtgcccactc
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tgggtttgga

caagtcagtc

gaggtgtcat

caatgtctta

atcctcggtt

tgacgaggcc

agttgacttg

tgccttgatg

tacgcaacac

gatcatatct

cgtcctttca

aaaacctggg

gagattttca

gagatcttct

cagttgtaga

catggtgtgt

ccgtgaagga

tataaagtgc

aactggcaac

tgatgaccct

caacatcttg

actaatgtta

ttgctccagg

caaggtgggc

tgaatccaac

aaagcatata

gaaacttgga

cctcatgtga

atcccagaga

atcccccttg

gaggattttg

ggtctcccga

ttgataattt

aatctcagag

tcatgggaat

acgatccaag

ttcaatagtc

ttaatcctct

agcagtttca

caaaccacgg

tccatgatag

cataagcagt

tgggtcatct

acttctcaac

attgacccaa

aggaactctg

gaatggttaa

tctttcagag

ggaatggctg

aggagccgga

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760



gatgtataac

atctcacgct

agagggttga

tgttcttcca

tcctagecatt

aagaccaaat

attgtctttt

actccttaat

aactatgcca

atgaagtcat

agtttaggcc

gtcaacttga

tcgacaacat

atatagatta

tagataagtc

gttttgataa

tgactcctta

atacatggca

cagaaatatt

cagaaaaccyg

cgcctgtcaa

acttgataat

ctctaatgtc

acatcttgcc

agctgatcga

agacttggcc

aggaaataga

ttatgataat

tgtaatcacc

atggaaagat

atggggactg

tgacagaaac

ggtcttgctc

gctgtacatt

caaaatattg

tctcattcat

agagacgttc

acatgacttg

tcgaaagggt

ctaccaggag

gtactccaag

tatcaaaacc

caagctcccg

ggatgacaaa

aggggggcecet

tccececgagag

tggcctcaag

atggaatcta

actttttgac

cagggtcacc

catttctatt

gggctgagaa

gcatttggaa

ttatacatga

ttaacctcag

ctgatcgtga

tacacactta

tctcececccag

gctggggatc

gagccatatg

tccttgggag

ggtccctgtg

gtttttgtgt

ctgtcaaaac

tgcttagcaa

tggtatctgg

caaacatggc

atcacgcaga

tcacattctt

gttcctagceg

tttctgaggt

ccaaaggaac

agattgtatt

gcgctgacta

gggcaagggc
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ccaagtcgtc
tcecececcaga
ggtatcttgc
acgccctaga
tggacatcgg
caaaggactt
tgctaaaaga
agccccgata
aagtcttgtc
tcgtgaatag
actttcctgt
caagaaggtt
atggctgtta
tatatgatca
gcggcctagce
attcaagatt
cacccaaaca
tctttgagat
tcaccagacc
aaaaagttat
ctatagacct
gggaattgaa
ttgtcatcac
tgacagacaa

ttttggacta

-36-

ccccatagag

gggagtgtta

caacacgtat

ctgggatgaa

gaaggacttg

tgtttactcc

tcttttettg

ctcagatgac

tatgtgtgga

tttagtccag

atttataaaa

ctttagggct

caggcattgg

ggttcacatt

caggaggatc

cctagcccga

tattgtagac

tcctgaatca

gagactagct

tatcacggcc

Ccggaggattg

gattgaaggt

tgaaaaactc

cctgaacaag

ttcaagggtc

aagctgttga

agttgccttg

tcctettact

gaaaagacca

gtaaagttca

Ccaaagttcca

tctcgcttca

ttgatatctc

aactccggct

agagcagaaa

gacaaggtaa

ctggatcaat

gggcacccat

aaaaaagtga

cttagatggg

gaccacccct

ttggtggggg

atggatccgt

tcttggetgt

ctgtctaagc

ccagatgaag

cgattctttg

ttggccaact

gtgtttaaaa

acatatgcat

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840

6900

6960

7020

7080

7140

7200

7260



ttcacctgga

tttctgtcct

ttcaaaaggc

aaatatactg

tagaaggctt

ctcaaatcag

cgacatatat

tatcaaggaa

tgatcatcaa

ctttgtttag

tctctaatga

taacagtggc

cagtacaggc

agattctgag

atccttcttt

cagaccctgt

cctggattca

agagcttcac

ctaccattct

agaattcaga

tcttcttaac

cttttttggg

ggcagtttag

acgggattag

cagagagggc

ctatgaaaag

agatcaagtg

ctggatctat

cttagatgcg

acggcagaag

gaacacaaga

gttgtcgcca

tgcactttcg

gaaagaagag

aggtaacata

ccaaatagtc

acaacactct

agtctttcac

cgctgaaggg

gggaggggta

ctctgaaggg

cgcgttgtgt

tcgecttceta

actcaaggat

gtttcgagag

atctgttgag

aatccccgag

aaagagtctc

tcggatgacc

agatctactt

tggaacaacc

tttggattga

tattcagaca

tccaacggcece

ggctggagtc

accaaaatac

gggctatctc

atatacagag

accatgtgta

ttggtgcctg

aacctcgcca

caatctttga

tacctgctat

gagagctttc

tctggaatgt

ttatccttct

caagaggctg

gaagatccta

gcaatcagaa

gcaatcctgt

cctctgtttce

tcaatcattg

tcaaaaactt

cagacacctc

agggagatct
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atcaaagatt
agagagtgtt
gatcagacct
caacctgttg
tagtcagctt
tagctcaagg
aagaggggct
ccgtcgagga
gttatgactt
agtccaaaag
atataatgtc
tcaaaccgat
ttagcccaat
tcctagcececat
ccctcggaag
ggagagagat
gaaacccaga
ccaccttaaa
aggctttata
tgtccaagac
ctcgatttct
gattgataca
tagaagaatc
agagggttgg

cttggggaag

-37-

agagtcaaca

ttctagaaca

catcgggtta

gaatggccag

attgatgata

agacaaccag

cctctatgaa

aggggcatct

cctcatctat

atgggccaga

gacagtgtcc

gagggatttt

cttaaaggga

gtcaaggata

attccatata

ctggttaagc

tcttggagag

tatcagagga

tgacgaggtg

ccatagagat

cagtgagcta

aaactcccga

cttctacaac

gggggtgtgg

aaaagtggta

gaggatgtat

cacgagtttt

cgggaggatc

gatggcggge

gatagagaat

gttttatgtc

ttggagagaa

aagctagggc

ggaaaaaccc

gtctcttgceg

accaatgcgc

ctgctcatgt

agagtttaca

atctatctag

cgacagttct

tcccacgagt

agaacactcg

ggggccagte

gacaaggtgg

aattttatac

ttcagttcgt

acgataagaa

tcagagatcc

ccttgctett

ggcacgacag

7320

7380

7440

7500

7560

7620

7680

7740

7800

7860

7920

7980

8040

8100

8160

8220

8280

8340

8400

8460

8520

8580

8640

8700

8760



ttcctcacce

gagcaacagg

catttttttc

agctattcca

taaaagaatc

ggaacattat

ggacggggtc

ctgtctgccc

cccaagacgg

ggacatcaga

tccgatgceaa

tcgagtttce

tccagaggcet

aaaagtctca

acgactcagg

ctagagacta

tgacaagaat

catatattct

ctcttagagg

tgaaagaagg

agataatcac

ccaaaatgac

agagaaacct

aggtgctggg

taaaagactc

ttctgagatg

aggaggcaat

acgaggcccc

tgcatgggaa

tataaactgg

gtctctgaca

agccttgcecat

gaacctcctc

gaagaactac

gctggtacag

caggtgtgtg

ggatgtgtcg

tcccgatate

ccatatcgga

atacaatgat

tttgagaggg

gacaaatatc

cctgaggcta

agagatattt

caacagatca

ggcgtctcca

gtacctaacc

atctaagagt

cgggcacgga

tttacgaagg

ttggggttac

cctagagttt

ctaaaggggt

aaagtcacta

ttcattacta

ggccctgatt

aggttcaagt

tctcatattt

gatttcatgt

agagacacaa

agacccattg

aaaagaatat

cgtctgagac

tcagctcagg

ggaaccatct

ctcgcaaggg

aatattaata

gataaccatc

tctatccctce

atcttgtgtt

gagaatgact

ctcattactt

atgagagata

gaagatacct

acaagatggg
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ttcccaagtc
ctgtatcagt
acttgggctc
atgttcatgt
gagattccaa
tccctcectaga
ctgccagata
ctgttagtac
tccagccatt
ggctaagaga
acgacgtgac
ccagaatggt
caggagattt
ggctcttata
tcecctgtcaa
gagtattgat
gacctcttga
cctccttgta
agaaaatccc
atctccaaca
ggctatggat
accagtctca
acctgcgaca
tagagtcaga

tggatcaaga

-38-

ctctatttct

actcccgtcc

gtccacctct

ggtgaagaga

cttggctcaa

ggaggcccct

cagcgaagga

agacaccatg

gatgctttat

ctctacgttt

cctggagacc

ttctggggcet

tgaatctcta

ctcaatctta

catatacggc

aggatcctcg

attgatctca

cataatgctc

cgccgcttat

tgtgctacgc

cttttcagac

tcttctactc

attgagttcc

Ccgacaacatt

ggtgcgccat

tgcacttgtg

tttgatcagt

atgtcgaccc

gctctatcgt

gctctaatta

gtcttcaaaa

gggtattctt

tctgatttga

gcacagacat

cattggcacc

tctcagatct

gtgcctcact

agcggtagag

gtggcaattc

aaggtttccc

atttgcttct

ggggtaatct

agagaaccgt

ccaaccacta

tatgagcgag

tttagaagtg

cagagggttg

ttgatgaggc

caacgactgc

gcagctagaa

8820

8880

8940

9000

9060

9120

9180

9240

9300

9360

9420

9480

9540

9600

9660

9720

9780

9840

9900

9960

10020

10080

10140

10200

10260



ccatgactgg

gggtctgctc

agcttgacat

tggttcagtg

ttttccecatce

tcaacatgtt

tggcttccgg

tctccagagt

caacctggaa

tttgcgatgc

attttgcatt

tagtaaatcc

ggtttatcac

gagggaagtt

ttgtgttatt

atcaggatct

tcataactct

ttgagttaca

tctccaacag

ctgatcccaa

ctgctttagg

cttattactt

acgacacctc

ggatcaggtt

tatccagaga

agattacagc

tgctcaacag

aagggccctc

ggcaaccggt

tctctgectt

tccagatgcece

aacacatcca

gatagatctt

atacttccag

agaagttact

gtctatagat

aaactacaag

ccaagtaact

tttcagagat

caattgtagc

tgtgagagga

gattgacagt

gaggggaact

agtcttcaac

aatcctgagg

tgacgtccct

cagaaagcaa

agtgttcaaa

gatttacaag

agtggaaaga

cccaacaaga

gttgcagtct

tctaagaggt

gctcattata

gtagttgggg

aagcttgtgt

ctgcctcecett

gactcaatct

tcagtccaaa

gacattgcat

ggaccactct

gctattcaac

tcgtettttt

gctgagtact

agccccaaga

tttcctgaag

gatgtagaat

ctgtctaaag

gtttccaaac

cacttcaaca

agcttcgcaa

gtcattcgag

agggtagcct

atagtgaaga

caccttcata
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aggtgtcccg
ctacctcagc
tccagaaccc
agcttaagcc
acgggtcagg
tcaacagtct
cagcaatcat
gggaaaaacc
agcaggtcaa
ctatcaaccg
atttggtctt
acctgtcaag
catctgagct
tgacctcttc
gtgagatgca
aaatcatatc
cttttctagt
tggctatcat
ccctaactga
tatgttgcag
gacttcacga
ggaacgttta
gtaattctag
ctaccagact

ggtacaacag

-39-

taaggtagga

aaacccggcce

tttgatctcg

tattctagat

ggggatatca

tttagaggtg

gaggggagga

gtccgacttg

catgtcctat

gataaccctg

caaaacttat

agcgttcccce

ctacctccga

cactcttcga

gagagctcgt

aaatccttac

ccacaagatg

tatagccatc

cccecttgttce

tactatgatg

cctgtataac

tctatcttgg

cctgagtctg

cgttggcagce

gtggatcacc

tgttcagaat

cctgtctcgg

ggcttgagag

gatctcaatg

ggggcagtcc

aatgacctga

aatgatatcg

agaaacttgg

gacctcatta

ttaatgtccg

gggactatgc

tcggtcacag

ttctccaaac

gaaatgagcc

tccttgaact

aatgagatga

gttgatgatc

atgatagttt

catccaccgt

tatctatcta

agacctataa

agttggtcca

tcatctcact

atcaaggatc

ctagaggata

10320

10380

10440

10500

10560

10620

10680

10740

10800

10860

10920

10980

11040

11100

11160

11220

11280

11340

11400

11460

11520

11580

11640

11700

11760
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tcagatctag atcatcccta ctagactaca gttgcctgtg aaccggatac tcctggaagce 11820
ctgcccatgce taagactctt gtgtgatgta tcttgaaaaa aacaagatcc taaatctgaa 11880

cctttggttg tttgattgtt tttctcattt ttgttgttta tttgttaage gt 11932

-40-





