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Augu virusi un biotehnologija

Plans

IEVADS.

AUGU VIRUSU VISPARIGS
RAKSTUROJUMS.

TEHNOLOGISKIE ASPEKTI:

- virusu identificéSana un virusu
nesaturosu augu iegisana,;

- augu virusi un rekombinanto
proteinu iegusana;

- biologiskas droSibas aspekti.

KOPSAVILKUMS.
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IEVADS.

Virusi :

- lat. “virus — inde’,
Martinus Beijerinck ieviests termins,1898

- ultramikroskopiski paraziti, kas inficé organismu
sunas,

- obligati intracellulari paraziti,
- satur nukleinskabi (RNS vai DNS),

- apvalks — proteins(i), dazkart lipidi,
glikoproteini.
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IEVADS.

Augu virusu raksturigas ipasibas :

- neinficé cilvéku un dzivnieku organismus,
- augu virusiem nav identificéti receptori,
- infekcija izplatas no auga uz augu ar
mehanisku bojajumu starpniecibu (piem.,insekti),
- morfologija — nijinveida, izometriski vai
neregularas struktdras.
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1 Augu virusi un biotehnologija

IEVADS.

Augu virusologijas vésture — svarigakie notikumi :

Pirma augu virusu dokumentacija —
XVII gs. Holandes gleznotaju — floristu darbos

> Jan Davidsz de Heem,
1645
Vase of Flowers
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1 Augu virusi un biotehnologija

IEVADS.

Augu virusologijas vésture — svarigakie notikumi :

1886 - Adolf Mayer -

apraksta tabakas “mozaikas
slimibu” (die Mosaikkrankheit).
Tiek paradita art slimibas parnese
ar inficétu augu sulu uz veselajiem
augiem
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IEVADS.

Augu virusologijas vésture — svarigakie notikumi :

1892 - Dmitrijs Ivanovskis -
parada, ka tabakas mozaikas
izraisitajs iziet cauri filtriem, kuri
aiztur baktérijas
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1 Augu virusi un biotehnologija

IEVADS.

Augu virusologijas vésture — svarigakie notikumi :

1898 - Martinus Beijerinck —
demonstré, ka mozaikas
izraisttajs nav baktérija, bet
“infekciozs dzivs Skidrums” -
contagium vivum fluidum;

- secina, ka mozaiku neizraisa
toksini.
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IEVADS.

Augu virusologijas vésture — svarigakie notikumi :

1935 - W. M. Stanley —

- izolé un attira kristalisku vielu no inficétam
tabakas, lapam, kas izsauca tabakas mozaikas
simptomus veselajos augos,

- secina, ka mozaikas agents ir autokatalitisks,
pasreplicéjoss proteins,

- Nobela premija kimija (1946.g.).



http://www.lib.berkeley.edu/BANC/Exhibits/Biotech/Images/4-1alg.jpg
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IEVADS.

Augu virusologijas vésture — svarigakie notikumi :

1939 - Kausche et al.-

identificé tabakas mozaikas virusu
(TMV) ar elektronu mikroskopa
palidzibu

Figure 4. Electron micrograph ol'a preparation of TMV
particles, purified by F. C. Bawden & N. W. Pirie in 1935 and
examined alier storage for 50 years, The negatively stained
particles are 18 nm in diameter.

TMVresearch milestones  B. D. Harrison and T, M. A. Wilson
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IEVADS.

Augu virusologijas vésture — svarigakie notikumi :

1954 - Watson izvirza ideju par TMV dalinas spiralveida struktdru
1956 - Caspar & Franklin atrod RNS TMV virusu dalinas
1956 - Gierer & Schramm parada, ka attirita TMV RNS ir infekcioza augiem

1960 - Anderer et al.; Tsugita et al. noskaidro TMV virsmas proteina (CP)
aminoskabju sekvenci
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IEVADS.

Augu virusologijas vésture — svarigakie notikumi :

1980 — Franck et al.

publicé pukukapostu mozaikas
virusa (CaMV ~8000 bp) pilna
garuma dubultspiraliskas DNS
sekvenci;

1982 — Goelet et al.
noskaidro tabakas mozaikas

virusa (TMV ~6400 nt) pilna
garuma RNS sekvenci.

Replication

Movement  Capsid

5'cap 4 126 kD

183kD H 30kD [—_17,6 kD — trNAhis




<

‘é.,
La
&
1
<&
3
&
3
&
3
&
3
&
1
&
1
&
1
&
1
X
1
&
1
&
3
&
1
&
.@1
1

ueq

y
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IEVADS.

Augu virusologijas vésture — svarigakie notikumi :

1978 - Harrison et al.

Pirma atomu struktira, kas noteikta virusa dalinam. TBSV (Tomato bushy
stunt virus) kristalu struktdra noteikta 2.9 A iz3kirtspéjas. Darbs uzsakts
1965. gada Caspar laboratorija.



http://viperdb.scripps.edu/Texmol/2tbv.png
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IEVADS.

Augu virusologijas vésture — svarigakie notikumi :

1986 - Namba & Stubbs
iegust datus par TMV dalinu 3D struktiru pie 3.6 A izSkirtspéjas

(Ol 2O (s
8% 46%546% 6%
68 q6%qd%

Figure 8-13. Helical structure of the tobacco mosaic virus.

The virus consists of a single long strand of RNA (color), repre-
senting perhaps four genes, packed between the turns of a heli-
cal protein made up of 2,123 identical subunits (BUTLER & KLUG,

1978).

2

Tobacco mosaic virus crystal (Photo credit: NASA)
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AUGU VIRUSU VISPARIGS RAKSTUROJUMS:

- Klasifikacija un nosaukumu veidosana,

- augu virusu dzives cikls:

- - VIrusu parnese starp augiem,

- - virusu replikacija un génu ekspresijas stratégijas,
- - Virusu transports starp augu sunam.
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AUGU VIRUSU VISPARIGS RAKSTUROJUMS
Nosaukumu veidosana:

- tipiska saimniekauga nosaukums + raksturigaka fenotipiska pazime,
ko izraisa viruss:
tabakas mozaikas viruss
- saisinajumi:
Tabakas Mozaikas Viruss — TMV,
bet Tomatu Mozaikas Viruss — ToMV

- virusu taksonomisko grupu nosaukumus veido no to tipiskako parstavju nosaukumiem:

Tobacco Mosaic Virus - Tobamovirus
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DNA

RNA

Families and Genera of Viruses Infecting Plants

dsDNA (RT) ssDNA
Caulimoviridae
Caulimovirus Geminiviridae
CsVMV-like
PVCV-like L -’- & ?m?vzs‘
SbCMV-like Mastrevirus
m Curlovirus Begomovirus
Badnavirus
RTBV-like
|
| dsRNA ssRNA (-) ssRNA (+)
= @ & Bromoviridae
i’ | Sequiviidae |@ @ @
il Tombusviridae | o cumovirus
B""r”y aviridae | [uteoviridae Bromovirus |
ospovirus Maralivirus
Reoviridae S Sobemovirus ‘ ‘ ‘
Fijivirus - @ IZmoqus Warvirus
i Phytoreovirus e (Umbravirus) i‘
| Oryzavirus Rhabdoviridae i
[ Cytorhabdovirus ~ T@nuivirus [
| Nucleorhabdovirus ~ OPhiovirus e i
f Comoviridae
I g g ssRNA (RT) Idaeovirus
& CR——
Partitiviridae - Tobamovirus
Alphacryptovirus Pseudoviridae
Betacryplovirus Tobravirus
i i i
‘ . ' Hordeivirus
i i b i i
Ourmiavirus Furovirus
[P S RT——"
Pecluvirus
[N —— ’
! Pomovirus
; i bt .
Benyvirus

Varicosavirus

100 nm

Allexivirus, Carlavirus, Foveavirus, Polexvirus

Capillovirus, Trichovirus, Vitivirus

L el

SN

Potyviridae

Closteroviridae

AUGU VIRUSU VISPARIGS RAKSTUROJUMS

Klasifikacija:

Klasificé péc virusa iekapsidétas
nukleinskabes:

- dsDNA;

- SSDNA;

- dsRNA;

- SSRNA;

- - (+) kéde;
- - (-) kede;
--RT

~ 3700 zinami virusi;
= 1000 - augu virusi,
no tiem lidz 90% ss(+)RNS virusi.

(7th report of International Comitee on
Taxonomy of Viruses (2000))
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AUGU VIRUSU VISPARIGS RAKSTUROJUMS

Augu virusu dzives cikls

Anatomy of the Plant Cell

- VIrusu parnese starp augiem,

- virusu replikacija un génu ekspresijas
stratégijas,

- Virusu parnese starp stinam,

- augu Sunu atbilde uz virusa infekciju,

Endoplasmic
Reticulum
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AUGU VIRUSU VISPARIGS RAKSTUROJUMS

Augu virusu dzives cikls
Virusu parnese starp augiem

- Augu virusi ieklUst SGnas tikai caur audu mehaniskajiem bojajumiem;
- Nav dzivnieku virusiem raksturiga receptoru mehanisma;

- Vektori — virusu parnésataiji:

- - insekti (>80%);

- - mikroskopiskas sénes;

- - nematodes;

- - mehaniska parnese;

- - séklas;

- - puteksni.
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\@‘* AUGU VIRUSU VISPARIGS RAKSTUROJUMS
L. Augu virusu dzives cikls
1 Virusu replikacija (ss(+)RNA virusi — TMV piemers)
1!

Virion-genomic ANA
S et

. Replicase "

& : Replication Movement  Capsid —
1 scap ] 126 kD - 183kD }|_30kD_ J-17.6 kD - tRNANiS .

ﬂ X RI-1 Opposite sense
&’ % ' to genomic RNA

Genomic-sense BNA

‘9 °, RI-2
Virion- ic ANA
‘gﬂ )  Von genori | Ias _

&1 Replicase CP '.

‘@ - (RARP) s
’ Mew genomic-sense RNA

&’ http://www.blackwellpublishing.com/wagner/015.pdf
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‘é‘* AUGU VIRUSU VISPARIGS RAKSTUROJUMS
L. Augu virusu dzives cikls
1 Virusu subgenomiskas RNS replikacija (ss(+)RNA virusi - TMV piemérs)

Interior
Replicase replicase
495 (-) start

&’ RI-2

‘g L e 3
‘éﬂ‘ Replicase / CB.

-.@1 (RARP)
49s (+) ORF-1 ORF-2

‘é | 5' Cap

G’ http://www.blackwellpublishing.com/wagner/015.pdf
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Augu virusi un biotehnologija

AUGU VIRUSU VISPARIGS RAKSTUROJUMS

Augu virusu dzives cikls
Virusu subgenomiskas RNS replikacija / génu ekspresijas stratégija
(ss(+)RNA virusi — TMV piemeérs)

C. Structure of the tobacco mosaic virus genome
1 6395
5'cap tRNA 453"
ORF1 126 kDa : (ORF2183 kDa)I
AUG 69 leaky UAG 3417 UAA 4917 6395
It Subgenomic RNA ppp 5 tRNAHis3'
(2991 nt) ORF3 54 kDa I
AUG 3495 UAA 4917 6395
I Subgenomic RNA ppp 5 tRNAHis3'
(1500 nt) AUG 4903 I UAA 5709
ORF4 30 kDa 6395

Coat Protein Subgenomic RNA b5'cap = tRNAHIS3'
(692 nt) AUG 5712 I UGA 6191

ORF5 17.6 kDa

Figure 8-14. Structure of the tobacco mosaic viral genome. ORF1
(and ORF2) encode the polymerase. The product of ORF3 is uncertain.
ORF4 encodes a protein necessary for cell-to-cell movement of the virus.
ORF5 encodes the coat protein (LEVY ef al., 1994, p. 53).
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AUGU VIRUSU VISPARIGS RAKSTUROJUMS

Augu virusu dzives cikls
Génu ekspresijas stratégijas — poliproteina stratégija

- Augu virusi kodé 3 — 12 proteinus;

- Internala proteaze Skel poliproteinu
pa consensus saitiem (5-7 AA);

- Péc SkelSanas (autoproteolize) subvienibas
funkcioné neatkarigi.

Viral RNA |

Translation

Piemeéri (Potyviridae):
- TEV (Tobacco etch virus)
- PVY (Potato virus Y)
Autoproteolysis - PPV (Plum pox virus)

- WSMV (Wheat streak mosaic virus)

r
¥
. “
llr:
- '-/d,‘ Protease
— "

Polyprotein |

Ole Sggaard Lund; http://www.bioinvision.dk/
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‘g‘* AUGU VIRUSU VISPARIGS RAKSTUROJUMS

L. Augu virusu dzives cikls el ﬁ
1 Génu ekspresijas stratégijas — .
2 stop-kodonu caurlasisana o

\%1 UAA — 100%
&1 UGA < 100%

UAG < 100%

& I CAG UAG CAA Read through
" (1-10%) ? ,ﬁi’

a|
& . AUG CAG UAG CAA UAA

& ' Piemeri : Virus particle having a
ﬂ - PVX (Potato virus X) fraction of the coat
: proteins modified by
& - TMV (Tobacco mosaic virus) read through
1 translation.
\@’ Ole Sggaard Lund; http://www.bioinvision.dk/
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AUGU VIRUSU VISPARIGS RAKSTUROJUMS

Augu virusu dzives cikls
Génu ekspresijas stratégijas — translacijas nobide (frame shift)

Frame shift
""""""" o Protein-1*+2 >
. . . 2 |
Piemeri : .;ap_. 1
- Sobemovirus (SBMV, RYMV, etc.) UG o e

- Luteovirus (BYDV)
- Polerovirus (PLRV)

T WF C K

ACCUGGUUUUGCAAGU

Protein-1 PG F A S

T w F C K
ACCUGGINUUGCAAGU

Protein-1*+2 TPGENYF A S

I I I I I I I I I I I I I

Ole Sggaard Lund; http://www.bioinvision.dk/
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‘g‘* AUGU VIRUSU VISPARIGS RAKSTUROJUMS
*
L. Augu virusu dzives cikls
1 Génu ekspresijas stratégijas — genoms sadalits vairakos fragmentos

&1 (multipartite)

mechanical

&1 /- RNA 1 Translation =~ RNA 3 Translation Piemeéri :

cap=| 1a  |=tRNA_, — 109 kD cape= CP mtrNA,,—* 32 kD -
&1 - o . CP | tRNA, (MP) -Bromoviridae
‘, i || ~waz . 'i_'f:; | (BMV, ApMV, etc.)
&’ ! ‘,*E; cap={__2a__|=tRNA,,— 94 kD i %Ei Transcription |
& 1 © GbD ':RdRF'L { S.|—>cap=[ CP]= tRNAg,
: .= . ol
’ I E‘, ......................... 4 % ng"rl""“’ lTrans.faﬂnn f
£ | 4 i CPokD) |
‘é‘ ! VRNA3 ; ! '
. l I '\_ . |
1 [ QL |
&1 VRNA 2 a2l N
SORNA 4 ? |
‘@1 virus particles ME;:;’ kfg;ﬁ;*;}ﬂ'{
o |
\@’ transmission cell-to-cell ﬂ
& | movement
’ S.G. Lazarowitz. In: Fundamental Virology, D.M. Knipe, P.M. Howley, Eds., 2001

K
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AUGU VIRUSU VISPARIGS RAKSTUROJUMS

Augu virusu dzives cikls

Virusu transports starp augu Stinam

®
P30
protein . @]
/]_/l_’_ _____/
& a
Genomic RNA %
£
$
L
£
& CPMV:
-
=
@
-
‘ o
\ J
O e ‘
Intact
CPMV virions

©Academic Press, 2000

a1§t

pen plasmodesmat

t

—\ i

8 — Phloem —
] I
‘ L
\-ﬁ
29
Plasmodesmata

Plant cell
+ —

Ole Sggaard Lund; http://www.bioinvision.dk/

Tubule ®
2
]
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.
\@1 AUGU VIRUSU VISPARIGS RAKSTUROJUMS

&

N Augu virusu dzives cikls
1 Augu Sunu atbilde uz virusu infekciju - fenotipiskas pazimes
&1
‘& - - augSanas aizkavésanas;
“ - SUnu nekroze;
'&1 - hipoplazija — mozaikas pazimes Sunu aizkavétas augSanas rezultata;
‘ﬁ | - hiperplazija — paatrinatas Stnu daliSanas rezultata morfologiski netipisku
é‘ auga dalu veidoSanas.
A

‘eﬂ Alfaalfa mosaic virus

Potato Leafroll Virus

Apple mosaic virus Pea enation mosaic virus
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AUGU VIRUSU VISPARIGS RAKSTUROJUMS

Augu virusu dzives cikls
Augu Sutnu atbilde uz virusu infekciju - Sinu / molekulu lTmenis:

Virusu inficétu augu Sunu transkriptomas analize — 444 (!) faktoru izmainas
(Arabidopsis | CMV rezistoma — Marathe et al., 2004);

Hipersensitiva atbilde uz virusa infekciju, kas izpauZzas:

- PR-proteinu veidoSanas (PR - pathogenesis related);

- paaugstinata Sunu sienu fenolsaturoSo metabolitu sintéze;

- peroksidus saturoSu komponentu veidoSanas;

- fitoaleksinu sintéze;

- salicilskabes atvasinajumu veidoSanas (starpaugu signalmolekulas (?) —
metilsalicilati)

- Virusa inducéta “génu kluséSana” (gene silencing).

Ar CMV (Cucumber mosaic virus) inficéti
gurku augi
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“
‘é“ TEHNOLOGISKIE ASPEKTI
&
\&’

:&’ Virusu nozime tradicionalaja lauksaimnieciba -
‘é‘ ievérojami razas zudumi:
‘é’ - kopa 60 x 10° $/gada (?);
“ - TSWV raditie zaudéjumi
..@,3 lidz 1 x 10° $/gada

@ Tomato spotted wilt virus (TSWV):
- ﬂ plass saimnieku spektrs — tomati, kartupeli,
‘é" tabaka, ziedaugi etc. (> 600 (!) sugas)
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e

.@’ TEHNOLOGISKIE ASPEKTI
‘@ - Virusu identificéSana

§1 Fenotipiskas pazimes

& - Alfaalfa mosaic virus

Potato Leafroll Virus
& . Apple mosaic virus Pea enation mosaic virus




Augu virusi un biotehnologija

TEHNOLOGISKIE ASPEKTI

Virusu identificésana
Gaismas mikroskopa analizes

Izmanto krasvielas, kas iekraso RNS vai DNS
(piem. Azure A)

lerobezotas izmantoSanas iespéjas — virusu koncentracijai
augu Sunas jabut |oti augstai, kad veidojas virusu agregati vai pat kristaliski veidojumi.
NepiecieSami papildus testi.



http://www.olympusamerica.com/img/product/huge840.jpg

Augu virusi un biotehnologija

TEHNOLOGISKIE ASPEKTI 0

Virusu identificésana
Elektronu mikroskopa analizes

lerobezotas izmantoSanas iespéjas — lietojama, ja virusu koncentracija
augu Sunas videja vai augsta; nepiecieSami papildus apstiprinoSi testi

I I I I I I I I I I I I I
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‘g‘* TEHNOLOGISKIE ASPEKTI
‘@ - Virusu identificéSana
1 Indikatoraugu inficéSana

lerobezotas izmantoSanas iespéjas:

.ﬁ.‘ - Ilena metode, indikatoraugi var uzradit simptomus pat péc vairakam nedélam;
‘g . - ne visiem virusiem iesp€&€jama parnese ar mehaniskas inokulacijas palidzibu;
ﬂ - ne visiem virusiem zinami pieméroti laboratorijas testaugi.
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.@,1 TEHNOLOGISKIE ASPEKTI

Virusu identificésana

ﬁ’ Imunologikas metodes

Imandifazijas tesi

F_:A.l.- A B 1 ‘iI

|
\ﬁ’ ELISA testi

Specifiskas un atras metodes, ko plasi lieto komercialaja prakseé.

&’ lerobeZojosie faktori:
& - - nepiecieSamas specifiskas antivielas pret parbaudamo virusu;
’ - virusa koncentracijai ekstraktos jabat salidzinoSi augstai
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i

‘é’ TEHNOLOGISKIE ASPEKTI e s
L. Virusu identificé$ana .
ﬁ’ DNS / RNS analizes > co

L.oti specifiska un atra

.@.‘ metode, plasi lieto
.& - komercialaja praksé.

ﬂ lerobeZojosSie faktori:
&1 - nepiecie$ama darga
‘g - aparattra un speciali
‘é‘ iekartotas telpas;

’ - nereti darbietilpiga
‘ﬁ’ metodes optimizacija.
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‘9‘1 TEHNOLOGISKIE ASPEKTI

Virusu nesaturosu augu iegdsana

&" - Augu stadmaterialiem starptautiskai izplatiSanai (tirdzniecibai) jabat briviem no
&1 patogéniem (virusi, baktéerijas, fitopatogénas mikroskopiskas sénes utt.);

- Ar virusiem inficétus augus nav iespé&jams “izarstét”!

& . - Vrusu inficétu augu saknu meristémas un augu terminalie dzinumi reizém ir
‘, brivi no virusiem;

‘@ . - Ja augus inkubé pie netipiskas, paaugstinatas temperattras (35° — 42°C), virusa
‘, koncentracija augos samazinas - termoterapija;

‘g - - Apvienojot meristému iegtSanu ar termoterapiju ir iesp&jams ieglt no virusiem
" brivus augus.
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‘é“ TEHNOLOGISKIE ASPEKTI

¥ “ Virusu nesaturosu augu iegdsana

.@1 ( , <, E }mm

: . @ ).,..m

THEEMOTHERAPY 1 manth

dn L % -

‘g“ " mml'ﬁ “ INVITRO

‘% CULTURE ﬁ

1 2-3 months
& i MASH for PSTYd

ﬂ Electronic microscope )

ELISA

‘e’ Indicator plants =+—3 INDEXATION 2 months

& Figure 1. Schematic representation of virus eradication process for potato.
ﬂ TECHNIQUES IN PLANT VIROLOGY

. CIP Training Manual
4.0 CONTROL
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‘1 Augu virusi un biotehnologija

i‘* TEHNOLOGISKIE ASPEKTI
‘e: Virusu nesaturosu augu iegtisana
&1 Augu aizsardzibas pasakumi
&1 Infekcijas avota likvidéSana;
&1 - - jaiznicina inficéti augi, nezales,
& . - - augu kultdru audzésanas vietu maina,
‘, - - augsnes nomaina siltumnicas,
&’ - - instrumentu un piederumu sterilizacija
‘& - (piem., Ca(OCl), — Chlorox + Tween20).
‘é, - - virusu brivs jeb indekséts stadmaterials,
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Augu virusi un biotehnologija

TEHNOLOGISKIE ASPEKTI

Virusu nesaturosu augu iegdsana

Augu aizsardzibas pasakumi

Virusu parnésataju ietekmes izslégSana vai samazinasana;

- audzeésanas vieta nav attiecigo insektu,

- stadiSanas / razas novak3anas laiks nesakrit ar insektu aktivitati,

- pesticidu izmantoSana, . Py

- citi augu aizsardzibas lidzekli (mehaniskas '\%E\INSE(JITST#-’-
barjeras, kukainédaji, utt.), ' \- 2
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TEHNOLOGISKIE ASPEKTI

Virusu nesaturosu augu iegtisana

Augu aizsardzibas pasakumi

Virusu rezistentu augu selekcija;

- dabiska selekcija,

- génu inzenierija (rezistences géni, virsmas proteinu
un virusa transporta proteinu géni)

Transgenic (PRSV CP) papaya inoculated with PRSV from
Hawaii (left) and nontransgenic papaya inoculated with
Papaya Ringspot Virus from Hawaii (right). Note the
resistance of transgenic papaya.
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‘e“ TEHNOLOGISKIE ASPEKTI

Augu virusi un rekombinanto proteinu iegtiSana

‘é‘ Biotehnologijas industrijas intereses:
A
é‘ - perspektiva - rekombinanto biofarmaceitisko ltdzek]|u tirgus 2010. gada sastadis lidz 35%
- 1 no kopé€ja un ienesis I1dz 20 miljardu USD lielu pelnu;
‘z“ - bioreaktoru kapacitates pieaug: 2005. gada pasaules prognozes - 2 milj. litru;
@
1 - bioreaktoru kapacitates nakotné var izradities nepietiekoSas, lai nodrosinatu kliniskas
\éﬂ izpétes fazes izgajuso preparatu razoSanu veselibas aizsardzibas tirgus vajadzibam.

Annu. Rev. Phytopathol. 2002. 40:45-74

‘e —
doi: 10.1146/anmurev.phyto.40.021102.150133
e : Copyright (¢) 2002 by Annual Reviews. All rights reserved
A

&

“ MAKING AN ALLY FROM AN ENEMY:
‘eﬂ Plant Virology and the New Agriculture
&1 |

Gregory P. Pogue, John A. Lindbo, Stephen J. Garger, and

‘e Wayne P. Fitzmaurice

1 Large Scale Biology Corporation, 3333 Vaca Valley Pkwy, Vacaville, CA 95688,
‘e e-mail: greg.pogue(@lIsbe.com, john.lindbo@Isbe.com, steve.garger@Isbe.com,

1 wayne fitzmaurice(@lsbe.com
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TEHNOLOGISKIE ASPEKTI

Augu virusi un rekombinanto proteinu iegidsana

Augu virusa vektora konstruésana
RT-PCR

2 Replication Movement  Capsid CDNS
A A . lhad

183kD J[_30kD__}-17.6 kD |- tRNAhis

RNSyy

PR

Replication Movement  Capsid
5'capd 126kD __ * 183kD H 30kD |-17.6 kDI~ tRNANIS

pUC-T7-TMV

I I I I I I I I I I I I I
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Augu virusi un rekombinanto proteinu iegidsana

‘é“ Augu virusa vektora parbaude
\éﬂ
& | Replication Movement Ca_psid
1 5'cap4 126kD +  183kD H 30kD }-117.6 kD tRNAhIS Replication Movement  Capsid

_ _ 5cap{ 126kD _ ~ 183kD [ _30kD__}-17.6 kD}- tRNANiS
meﬂ
\eﬂ

\21 l
=

e :
.
.

\éﬂ
Ballistiska Mehaniska

g inficéSana inficéSana

ueq

AUCHITELAY T7 polimeraze RNSTMV

In vitro

P 1. Bobarebg o ch it s B Gl s
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Augu virusi un rekombinanto proteinu iegidsana

‘z“ Rekombinanta augu virusa vektora konstruéSana un parbaude — TMV/GFP
Ve GEP

| Replication Movement Capsid
‘@1 126kD  +  183kD H 30kD |H 1 -17.6 kD - tRNANiS

:z:: l rRNSq,y

‘eﬂ Mormal Light (dpi Lda',.fs post Infection)
S
1
S
"
&
“
S
-
1

ueq

UV Light (Fluorescent protein product glowing green)
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Augu virusi un biotehnologija

TEHNOLOGISKIE ASPEKTI

Augu virusi un rekombinanto proteinu iegtiSana

Representative Virus — H H -

Gene Replacement — H - -

Gene Insertion —{ H ]
d « b

Epitope Presentation — H H Il -

Complementation — — —

SCHOLTHOF, SCHOLTHOF & JACKSON, 1996
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TEHNOLOGISKIE ASPEKTI

Augu virusi un rekombinanto proteinu iegidsana

Large Scale Biology Corporation pieredze

Augu virusa (TMV) vektors aprotinina komercialai raZzo$anai no augu biomasas

T7
Promoter «[ Replicase I MP ] Apro

Note: pUC vector is not shown in this diagram. Sequences from the U1 and U5 strains
are shown in grey and black, respectively.

Abbreviations: MP, movement protein; CP, coat protein; U5, sequence derived from the
tobacco mild green mosaic virus (TMGMV); Apro, chimeric aprotinin gene with signal
peptide sequence.

Aprotinins — serina proteazes inhibitors, lieto sirds kirurgija asino$anas samazinasanai

un pécopraciju iekaisuma procesu ierobezosanai
Large Scale Biology Corporation © 2005

Pogue et al. (2002)
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TEHNOLOGISKIE ASPEKTI

Augu virusi un rekombinanto proteinu iegtiSana

Large Scale Biology Corporation pieredze

Aprotinina razoSana no augu biomasas / TMV vektora platforma

7
e

l rTMV RNS transkripts

10 pg rTMV x ~37000 augi/ha = 370 mg rTMV / 370 |

Large Scale Biology Corporation © 2005
Pogue et al. (2002)

I I I I I I I I I I I I I
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TEHNOLOGISKIE ASPEKTI

Augu virusi un rekombinanto proteinu iegidsana

Large Scale Biology Corporation pieredze

Aprotinina razoSana no augu biomasas / TMV vektora platforma

Large Scale Biology Corporation © 2005
Pogue et al. (2002)



&
p
“
p
ﬂ
¢
4
¢
'y,

4
1 Augu virusi un biotehnologija

TEHNOLOGISKIE ASPEKTI

Augu virusi un rekombinanto proteinu iegidsana

Large Scale Biology Corporation pieredze

Aprotinina razoSana no augu biomasas / TMV vektora platforma

Chromatography/Ultrafiltration Finish and Fill Kvalitates kontrole

i e W

SDS-Page Analysis of r-Aprotinin and Trasylol*

......

||||||
T-Agretinin

i
-

[

i

im—t—, = = & . —— Nt
Impurities and
degradation products

a8

Large Scale Biology Corporation © 2005
Pogue et al. (2002)
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TEHNOLOGISKIE ASPEKTI

Augu virusi un rekombinanto proteinu iegtiSana

Large Scale Biology Corporation pieredze

Potencialas malarijas vakcinas raZzoSana no augu biomasas (TMV vektora platforma)

TABLE 4 Large-scale manufacture of antimalarial TMV291 coat fusion and
product analysis

Tobacco variety A B C

Biomass and expression

Acres harvested 0.25 0.25 0.4
kg Biomass harvested 2106 1957 2709
kg Biomass/acre 8424 7828 6773
mg TMV291/kg biomass 123 104 o7
g TMV291/acre 1036 314 656

~ 2.5 kg vakcinas kandidata no 1 hal!

Large Scale Biology Corporation © 2005
Pogue et al. (2002)
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\g’ TEHNOLOGISKIE ASPEKTI

Augu virusi un rekombinanto proteinu iegidsana

&’ Large Scale Biology Corporation pieredze - nepiecieSama laika planojums

& : 1. Gene Cloning and Vector 2. Expression Evaluation 3. Process & Analytical Development
Preparation (1-2 weeks) (34 weeks) “Go/No-Go” (mg of product; 4-10 weeks) “Go/No-Go"

. Clinical Supply Scale-Up 5. Pre-Clinical, Product Scale-Up 4, Initial Animal Evaluation
1’ (4-6 months) {gm of product; 2-6 months) (1-4 months) “Go/No-Go”

& Large Scale Biology Corporation © 2005
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TEHNOLOGISKIE ASPEKTI

Biologiskas drosibas aspekti

- augu virusi un to vektori nav infekciozi cilvékiem un dzivniekiem;

- augu virusu vektori ir augu kaitekli! (USDA-Plant protection & carantine Regulations)
- jasanem atlauja darbam ierobezotos siltumnicu / lauka apstak|os;

- jasniedz detalizétas atskaites par izméginajumiem;

- visparigi secinajumi:

- - konstrugjot vektorus izmantoSanai briva daba var but nepiecieSams ievadit mutacijas, kas

izslédz vektoru izplatiSanas iespéjas ar insektu, sénu vai nematozu starpniecibu,

- - jakonstrué vektori, kuri var kalpot par markieriem lauka izméginajumos (piem., ar GFP

markiergénu),
- - atkariba no rezultatiem japienem lemums par ierobezotu izmantoSanu siltumnicas
apstaklos / briva daba.

Pogue et al. (2002)
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KOPSAVILKUMS

Klasifikacija:

= 1000 zinamu augu Vvirusu,
no tiem [idz 90% ss(+)RNS virusi.

Augu virusu raksturigas ipasibas :

- neinficé cilvéku un dzivnieku organismus,
- augu virusiem nav identificéti receptori,
- infekcija izplatas no auga uz augu ar
mehanisku bojajumu starpniecibu (piem.,insekti),
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- Augu virusi un biotehnologija

KOPSAVILKUMS

Augu virusu dzives cikls

Augu virusi izmanto sekojoSas galvenas génu ekspresijas stratégijas:

- Subgenomiskas RNS sintéze un proteinu translacija no sg-RNS;
- Poliproteina sintéze un autoproteolize;

-“Stop”- kodonu caurlasi$ana;

- translacijas ramja nobide - “frameshift’,;

- genoma sadalijums pa vairakiem fragmentiem (multipartite).

Visas Sis stratégijas nodroSina maksimalu genoma izmanto$anu virusa
dzives ciklam nepiecieSamo proteinu sintézei.
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Augu virusi un biotehnologija

KOPSAVILKUMS

Augu virusu dzives cikls

- virusam nokltstot auga Slnas, virusa nukleinskabe atbrivojas no
apvalka;

- auga sSunas proteinu sintézes masinérija tiek izmantota virusa kodéto
proteinu ekspresijai - var novest pie fenotipisko pazimju paradisanas;

- virusa genoms replic€jas un tiek sintezéts liels daudzums virsmas
proteina molekulu, kuras iepako virusa nukleinskabi;

- veidojas jaunas virusa dalinas, kas tiek parnestas uz blakus esosajam
sunam ar transporta (movement) proteinu starpniecibu.
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KOPSAVILKUMS

Augu virusu dzives cikls

Augu virusi parvietojas no siinas uz Stnu ar transporta jeb
‘movement” proteinu palidzibu caur modificétiem jeb izméros izmainitiem
plasmodesmas kanaliem:

- RNS / proteinu kompleksu forma (TMV);
- pilntba izveidotu dalinu forma (CPMV).
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KOPSAVILKUMS

Augu sinu atbilde uz virusu infekciju

- augsanas aizkavésanas;

- morfologiski netipisku auga daju veidoSanas;

- hipersensitiva atbilde uz infekciju, kas izpauzas ka simtiem faktoru
izmainas augu génu ekspresijas kopaina — transkriptoma;
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KOPSAVILKUMS

Virusu identificéSana
Metozu kopums, kas ietver sevr:

- fenotipisko pazimju identificéSanu,

- indikatoraugu inficeSanu un analizi,

- molekularas metodes:

- - imunologiskas metodes — ELISA un imindifGzijas testi,

- - virusu nukleinskabju analizes — hibridizacijas, RT-PCR
un sekvenésanas metodes.
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KOPSAVILKUMS

Virusu nesaturosu augu iegisana

- Ar virusiem inficétus augus nav iespéjams “izarstéet”!
- Apvienojot meristému iegtisanu ar termoterapiju ir iesp&jams iegut
no virusiem brivus augus.
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- Augu virusi un biotehnologija

KOPSAVILKUMS

Augu virusi un rekombinanto proteinu iegisana

- No augu virusiem var tikt izveidoti génu vektori rekombinanto
proteinu ekspresijai augu sSUnas;

- Klonéjot rekombinatos proteinu génus augu vektoros, vissekmigaka ir
izradijusies génu insercijas stratégija;

- Rekombinanto proteinu ekspresija augos no virusu génu
vektoriem var dot tehnologiski nozimigus iznakumus un var aizstat
tradicionalo rekombinanto mikroorganismu tehnologiju vai art transgéno
augu izmantosanu.
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KOPSAVILKUMS

Biologiskas drosibas aspekti

- augu virusi un to vektori nav infekciozi cilvékiem un dzivniekiem;

- augu virusu vektori ir augu kaitékli ! Var ietekmét apkartéjo vidi !

- jasanem atlauja darbam ierobeZotos siltumnicu / lauka apstaklos;

- jasniedz detalizétas atskaites par izméginajumiem;

- atkariba no rezultatiem japienem Iémums par rekombinanto augu
virusu ierobezotu izmantoSanu tehnologiskam vajadzibam
siltumnicas apstaklos / briva daba.
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Augu virusi
un biotehnologija

Andris Zeltins, Dr.biol.

LU Biomedicinas pétijumu un studiju centrs

09.12. 2005
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