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8th report of International Comitee
on
Taxonomy of Viruses:

= 6000 zinami virusi

= 2000 - augu virusi
vairums no tiem - ss(+)RNS
Virusi

77% no zinamajiem augu
virusiem — kultlraugu virusi
Cik daba ir vispar?

Metagenomiskie dati:

aprakstiti tikai aptuveni 1%
(Mokili et al., 2012)

S.G. Lazarowitz. In: Fundamental Virology,
D.M. Knipe, P.M. Howley, Eds., 2001
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IEVADS.

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

- apvalks — proteins(i), dazkart lipidi,
glikoproteini.
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&1 Virusu nozime lauksaimnieciba:

‘ 1 izraisa ievérojamus razas zudumus — _
-? ' Tomato spotted wilt

virus (TSWV):
‘e’ - kopa 60 x 10° $/gada (7?); plags saimnieku
1~ - TSWV raditie zaudé&jumi spektrs — tomati,
T 9 3 kartupeli, tabaka,
‘e’ Ler2fo st $/gada ziedaugi etc. (> 600 %=

‘e’ sugas)

virus (CMV):

‘& - Cucumber mosaic
‘ez (> 1200 (!) sugas)
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IEVADS.

Ar Pepper mild mottle virus
(PMMV) inficéta paprika

ddddddd I d I I

Tom Giesler Zimégjums

=

Frbr

No cilvéka zarnu trakta izoléta
34 augu virusu RNS, PMMV infekcioza
Augu virusi neizraisa infekciju ziditaju organismos.
Ziditaji, art cilvéki — augu virusu parnésata;ji?

Zhang, T. et al., RNA viral community in human feces: Prevalence of plant pathogenic viruses, PLoS Biol., 4, €3, 2006
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s IEVADS.

- Augu virusi un ziditaju organismi

Fluorescenti ieziméts CPMV, iebarots
pelém vai intravenozi injicéts ir atrodams
neatkarigi no ievadiSanas veida

Filipin Ml S O
caveolar nystatin ( .-, {
endocytosis Ay N g
. j — | J Rab5 Early
-’ Endosome

Peles viegli pacies pat 100 mg/kg
CPMV injekcijas

cytosis "'m_"ﬁ"“ ‘ ~
AR

(Rae et al., 2005):

- liesa; - plausas;
- aknas; - kaulu smadzeneés;
- kungr; - citos organos
Rercycling
Erdosome (Rabll)

Golgl
(R-COP)

=\

Lysosome
(Lamp1/2)

Plummer, Manchester, 2012

Augu virusi — relativi stabili un netoksiski

ziditaju organismiem
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- Augu virusi un ziditaju organismi
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Augu virusi — izejmaterials pretvéza agentu konstruéSanai
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AUGU VIRUSU TEHNOLOGIJAS

Annu. Rev. Phytopathol. 2002. 40:45-74
do1: 10.1146/annurev.phyto.40.021102.150133
Copyright (c) 2002 by Annual Reviews. All rights reserved

MAKING AN ALLY FROM AN ENEMY:
Plant Virology and the New Agriculture

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

Large Scale Biology Corporation, 3333 Vaca Valley Pkwy, Vacaville, C4 95688;

e-mail: greg.pogue(@lsbe.com, john.lindbo(@lsbc.com, steve.garger(@lsbe.com,

wavne. fitzmaurice(@lIsbc.com
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‘é’ AUGU VIRUSU TEHNOLOGIJAS

&.‘ Ar augu virusiem inficétas tulpes —
\é.‘ tirgus prece Holandé XVII gs.

& Guilders
e1 Eight fat pigs 240
A ’ Four fat oxen 480
& , . Twelve fat sheep 120
ﬂ o Twenty-four tons of wheat 448
& : Forty-eight tons of rye 558
1 Two hogsheads of wine 70
& ' Four barrels of eight-guilder 32
1 beer
‘e ’ Two tons of butter 192
A thousand pounds of 120
ﬁ . & v : cheese
ﬂ (LIPS  Jan Davidsz de Heem, A silver drinking cup 60
. ‘ ‘¥ % 1645 I L g h
\&1 _ ’ Vi of Bl ‘ A pack of clothes 80
_ , A bed with mattress and 100
‘é’ R.‘mv,um‘ ‘ bedding
. . . .. A ship 500
| Tulip breaking virus (Potyviridae
\e’ P g (Poty ) TOTAL 3,000
‘eﬂ Fig. 2. Value of goods equal to the price

‘é _ of the rare broken tulip Semper Agustus,
* as recorded in a pamphlet written in 1636.
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é:: AUGU VIRUSU TEHNOLOGIJAS
A

&1
‘e“ Augu virusu tehnologijam nozimigi véstures notikumi :

S

‘2‘3 1956 - Gierer & Schramm parada, ka attirita TMV RNS ir infekcioza augiem
A

1 1984 — Ahlquist et al. parada, ka no klonétas virusa cDNS kopijas in vitro
‘é“ sintezéta BMV RNS ir arT infekcioza

‘é“ . Ahlquist P. et al. (1984)
da L renee Comporent
L, S—1 V7 w— i symptoms
: " tamplate
: RNA polymerase ; (dsONA) Y,
' l + m'GpppG -
- m'GPPPGH i *Hanscript
1 : : RNS
é FiG. 1. Schematic representation of a template BMV cDNA
- 1 clone in transcription vector pPM1 after linearization at the unique H
% EcoRlI site (E) and the capped runoff RNA transcript generated by
A 1 RNA polymerase in the presence of m’GpppG cap analog. Three
such plasmids, each containing cDNA to one of the three BMV com-
‘e ponents, are needed for transcription of the total genome of BMV. -
1 The modified A Pg promotor (Py) allows RNA synthesis to initiate by symptoms A
e exactly at the 5’ terminus of each BMV sequence, and transcription AN
b 1 continues to the end of the DN A template. ds, Double-stranded; ss, T /A4 .fﬂ )
‘éq single-stranded. AV A (T
A Y _," ¥ ':.. l"-._ -.\-
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AUGU VIRUSU TEHNOLOGIJAS

Augu virusa izvéle:

- virusa raksturojuma nozime

- - sekvence un genoma organizacija (mono-, multipartiti genomi,
sg-RNS, génu raksturojumi); virusa cDNS kopija

- - dati par virusa infekcijas ciklu augu saimnieka Stnas
- - virusa 3D struktlras dati
- virusa infekcijas efektivitate (piem.,TMV lidz 60 mg/g biomasas)

™Y
31 .=

25 -

16.5. %8 <CP

J. Staczek et al. (2000)
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‘é’ AUGU VIRUSU TEHNOLOGIJAS

¢ Augu virusu génu vektoru veidosana

Virusa nukleinskabes ievadiSanas metodes augu Stnas

Systemic
& srmptoms\
1 p

- Mehaniska inokulacija — nukleinskabe + abrazivs Y
‘e’ materials (bentonits, carborunds, u.c.); -
‘e - - agrobaktériju inokulacija (T-DNS vektoriem);
‘e’ - protoplastu elektroporacija;
‘e; - ballistiska inokulacija.

\e ’
Inoculation

Local
& : {1 symptoms
Lt f ..J :\
ﬂ - I___-If". /) |I_;I 'I'-‘a‘lﬁh AY
‘e - ~. - Iy ."'I':].I i .f,.;-li1'
10N NUN
1 4\ A

Ballistiska inokulacija

g o
g Fig. 1. Bombarding birch with the Helios Gene Gun system.
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‘e’ AUGU VIRUSU TEHNOLOGIJAS

&1 Augu virusu génu vektoru veidoSana
&’ Virusa nukleinskabei jabut infekciozai - RNS

RT-PCR

.;1: : §vi
o Z v‘;\"?‘ _ Replication Movement  Capsid C D N STMV
'} y . .‘ - ‘ '
8 5cap ] 126KD__~
. & .:

183kD H_30kD _ }-17.6 kD tRNAhIS

RNSryy

ApaiiCages)
||||||

nnnnnnn

g

\‘ﬁf Replication Movement  Capsid
| 4 B 5'cap4 126kD  * 183kD H_30kD _ }-17.6 kD |- tRNANiS
N

Jhe
st
&fgﬁ—:f\% am—

s T7 polimeraze

a

pUC-T7-TMV
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SCHOLTHOF, SCHOLTHOF & JACKSON, 1996
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AUGU VIRUSU TEHNOLOGIJAS

Augu virusu génu vektoru veidoSana

Rekombinantie génu vektori - stratégijas :

Representative Virus — H H —
Replication Movement Capsiq 7
5cap | 126k0 - 183k0 }| soko_Hizekolwnatis  TMV genoms

Gene Replacement — H —
Gene Insertion — H Hi

. . a b
Epitope Presentation —{ H H I -
Complementation ] — —

* _ translational readthrough of amber stop codon
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‘e} AUGU VIRUSU TEHNOLOGIJAS
\%1 Augu virusu génu vektoru veidoSana
‘%‘ Rekombinantie génu vektori - stratégijas :

A Gene Replacement —{ H -

Piemérs: TMV vektors / CAT

1 Replication Movement  Capsid
; 5 17 6 KD - tRNAhi )
‘e ‘ 5'cap {__126 kD 183kD H_30kD _}-17.6 kD - tRNAhiS Laba CAT ekspresija
1 l inficétajas tabakas lapas
&1 _Replication Movement _RNS Nav CAT produkcijas visas
ﬂ 5'cap {_126kD___+___ 183KkD J|__30kD | SRR tRNANS —) auga dalas, jo CP

nepiecieSams virusa
sistémiskam transportam

Takamatsu et al. (1987); Dawson et al. (1988)
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Augu virusu génu vektoru veidoSana

‘e‘} Rekombinantie génu vektori - stratégijas :

&1 FSH inserts stabils TMV vektora, jo ievietots starp heterologiem sg promotoriem €——

Dirnberger et al. (2001)

TMV vektors nodroSina relativi augstu FSH iznakumu (3% no SkistoSajiem proteiniem) €— §

B Gene Insertion —] H |

Piemeérs: TMV vektors / glikoziléts hormons FSH

!

SnaB
Salf
Psti
Xhaol
Notl

ToMV
SP6 Replication Movement Capsid _
H -4 I tRNAhis
sgP-TMv/ sé‘P-ToMV RNS

Adekvata glikozileSanas pakape in vitro un in vivo testos €—
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&1 Augu virusu génu vektoru veidoSana
‘é“ Rekombinantie génu vektori - stratégijas :

p
Y c
by
L

\é“ T-ﬁg Replicase @~ MP CP
\é“ PLLGCIGSTCAEDGN TMV-5B19L
Koo et al. (1999) LLGCIGSTCA TMV-5B19

Epitope Presentation —{

Piemérs: TMV vektors / murine hepatitis virus (MHV) epitopj

TMVcDNA  —> |
R clone (U3/4-12)

Sa
Fic. 1. Map of hybrid TMV ¢DNA clones. The position of the 5SB19
o ﬂ and S5B19L peptides between Ser-154 and Gly-155 of the TMV coat

\e '
ry

b —> strukturali neatSkiras no TMV, epitopi atrodas uz dalinu virsmas;

&

1 —> imunizétas peles izturéja letalu MHV dozu injekcijas.

protein (CP} is indicated. The T7 promoter was used to produce viral
RNA in in vitro transcription reactions. MP, Movement protein.

—> TMV vektors ar CP C-gala epitopu (starp S154/G155) — stabils, iztur vairakas pasazas;

&1 Augu virusi ar slimibu izraisitaju epitopiem var kalpot ka vakcinas

S
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AUGU VIRUSU TEHNOLOGIJAS

Augu virusu génu vektoru veidoSana

Rekombinantie génu vektori - stratégijas :

/T

‘é,, D Complementation  — Ty ——

e,‘ Piemérs: BaMV / satBaMV vektors RNS transkripti
s ,///6%":?/ A 1] Bss n mieZu protoplasti

4

é’ BstX|BseRI

i | Pz —m— rociiees, £

v.é.‘

&

é’ Génu nomaina (p20/CAT) neietekmé satBaMV replikaciju; <— ‘,'b

W o S0

91 Produkcija - 2ug / g inficétu lapu biomasas; <— 1 ,‘& w

@l

e1 Sistemiska heterologa proteina ekspresija tikai 1/100 no lokalas; <— ELISA testi

\

1 P20 proteins nodroSina satBaMV sistémisku transportu? <—

Lin N.S. et al. (1996);

Chenopodium quinoa
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Tehnologiskie aspekti
Large Scale Biology Corporation pieredze

Potencialas malarijas VLP vakcinas razo$ana no augu biomasas (TMV vektora platforma)

Epitope Presentation — H H .

l RNS transkripts

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

B OO

| ARCE] Tehnologiskie aspekii
H " Large Scale Biology Corporation pieredze

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

Biomass Homogenization

Extract Clarification
AARNIN N

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



‘é"

‘e ?» Augu virusu molekularas tehnologijas

‘é’ AUGU VIRUSU TEHNOLOGIJAS
‘é‘ [ ARCE] Tehnologiskie aspekti
.. H_l_‘ I‘ Large Scale Biology Corporation pieredze

N
.
Sy

&1 Potencialas malarijas vakcinas razoSana no augu biomasas (TMV vektora platforma)
\e’ Chromatography/Ultrafiltration Finish and Fill

\eﬂ Large Scale Biology Corporation © 2005

‘é* Pogue et al. (2002)
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AUGU VIRUSU TEHNOLOGIJAS

Tehnologiskie aspekii

Large Scale Biology Corporation pieredze

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

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

product analysis

Tobacco variety A B

Biomass and expression

Acres harvested 0.25 0.25
kg Biomass harvested 2106 1957
kg Biomass/acre 8424 7828
mg TMWV291/kg biomass 123 104
g TMV291/acre 1036 314

~ 2.5 kg vakcinas kandidata no 1 ha!

0.4
2709
6773

97
656

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

- Vektoram janodrosSina heterologo génu stabilitate uz vairakam pasazam,;
inokulatu savairo$anu siltumnicu / lauka produkcijas vajadzibam;

- Jo garaki inserti, jo Ienak veidojas VRNS un Ieénak ta tiek transportéta no Stnas uz Sinu, rezultats —

selekcijas spiediens (deléciju uzkrasanas lidz inserta pilnigam zudumam — nepiecieSami RT-PCR
stabilitates testi (!));

- jakonstrué speciala augstspiediena iekarta, ar kuras palidzibu inficé augus lauka apstak|os ar
virusu / abraziva materiala suspensiju
(efektivitate >95%; ar aprikotu traktoru 1 ha var inficét apm. 1,5 h).

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

Tehnologiskie aspekii
Large Scale Biology Corporation pieredze

- augu virusi un to vektori nav infekciozi cilvékiem un dzivniekiem;
- augu virusu vektori ir uzskatami par augu kaitékliem !

- jasanem atlauja darbam ierobezotos siltumnicu / lauka apstak|os;
- jasniedz detalizétas atskaites par izméginajumiem;

Secinajumi no lauka izméginajumiem:

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

izsledz vektoru izplatiSanas iespéjas ar insektu, sénu vai nematozu starpniecibu,
- - jakonstrué vektori, kuri var kalpot par markieriem lauka izméginajumos

(piem., ar GFP markiergénu),
- - janovérté virusu génu vektoros ievadito heterologo génu stabilitate,

- - atkariba no eksperimentu rezultatiem japienem Ieémums par ierobezotu izmantoSanu siltumnicas

apstaklos / briva daba.

Pogue et al. (2002)
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Augu virusu génu vektoru veidoSana
Agrobacterium tumefaciens
ka génu vektors

Agrobacterium tumefaciens attached to a plant cell.
Image by Martha Hawes

UGA4823036

Photographer: Edward L. Bamnard, > 90 augu sugas jutigas pret A. tumefaciens,

Florida Department of Agriculture and

Consumer Services pé rsvara d IVdTg_“ a pj |
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Augu virusu génu vektoru veidoSana
Agrobacterium tumefaciens rekombinanti
ka virusu infekcijas izraisitaji

-T DNA (transferred
DNA), kas atrodas Ti-
plazmida, kodé
proteinus, kas
nodrosina audzéju
veidoSanos;

-T-DNA tiek ievadita
augu Sunas caur audu
bojajumiem;

-nonakot kodola, ta var
tikt integréta genoma;
bet var arT tikt

Transport channel _ ’ ~
i SRRC 9ksprc?s?ta bez
integracijas;
S. B. Gelvin, Nature 433, 583-584 (2005) - T-DNA var tikt

nomainita ar
rekombinanta proteina
DNS



http://www.gmo-safety.eu/en/glossary/55.t_dna.html
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‘é, AUGU VIRUSU TEHNOLOGIJAS
&1 Augu virusu génu vektoru veidoSana
- ‘, Agrobacterium tumefaciens

.@,‘ rekombinanti ka virusu infekcijas izraisitaji

& 1 Agrobacterium tumefaciens

J’ g; @ DNA containing the
& ' gene of interest

2 O—0

(1) Restriction

enzyme and
T DNA DNA ligase

Inoculation
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AUGU VIRUSU TEHNOLOGIJAS

Tehnologiskie aspekii

Icon Genetics pieredze
GENETICS

Agmbaclw um tumefaciens

- 5 agrobaktérijas var inficét vienu augu Stnu —
tatad var ievadit 5 dazadas cDNS (modulus)
viena Suna;

- virusa pilna cDNS kodé augu Stnai neraksturigi
garu RNS, transkripcija kodola mazefektiva
(degradacija);

- virusa genomam pievieno intronu sekvences,
sadala genomu vairakas dalas (modulos);

- pievieno ekspresiju veicinoSus cDNS modu]us
(piem., peéctranskripcijas «kluséSanas»
supresorproteinu génus)


http://www.icongenetics.com/html/home.htm
http://www.icongenetics.com/html/home.htm
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ICON

o

GENETICS

Tehnologiskie aspekti

Icon Genetics pieredze: MAGNIFECTION sistéma

TMV _~
Y ngl ™ 6400 nt
] I ), -
126 kDa  183kDa  MP CP prot
DNS
L.B_E»PACT sgR» RB LB _ D—Fﬁ
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Tehnologiskie aspekti
Icon Genetics pieredze — vakuuma infiltracija

Transforming tobacco into a medicinal plant in the immersion bath

i B 7 Agrobacterium
ﬂ tumefaciens
Ly Vacuum

| Tobacoo plant

Foreign DNA with information
for therapeutic protein

Agrobacterium tumefaciens
transports forzign DNA into
the plant nucleus

In the vacuum mmersion bath, the air is drawn out of the spaces Plant cell
between the plant cells, allowing the immersion bath solution and
with [t the Agrobacterum tumefaciens bacteria to penetrate and
come into particulary close contact with the plant cells (abave).
While the plants recover In the greenhouse, the bacteria transport
the active substance DNA that Bayer's sclentists previously implant-
ed in the bacteria [not shown) into the plant's nucleus. Using this
method, the plant cells can very rapidly produce active proteins

(right) which can then be isalated from the plant. After 2 while, the DNA is transeribed into

plant loses the active substance DNA again. RNAwhich serves as the
Therapeutic pattemn for producing a
pratein therapeutic protein

NodroSina lidz 5 dazadu cDNS modulu
ievadiSanu viena $lna; iespéjami tehnologiski
risindjumi industrialam vajadzibam
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ICON

o

GENETICS

Tehnologiskie aspekti

Icon Genetics pieredze — vakuuma infiltracija

NodroSina lidz 100% Sunu inficeSanu un efektivu
rekombinanta proteina sintezi
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ICON

o

GENETICS

Tehnologiskie aspekti

Icon Genetics pieredze — platformas validacija

Green fluorescent protein (GFP) - 5000 mg/kg (80% TSP)
Yersinia pestis antigen - 2000 mg/kg
Hepatitis B virus antigéns - 240 mg/kg
Protein A-Tobamovirus VLP’s - 3000 mg/kg

Salidzinajumam:
TMV pilna garuma vektors (GFP) - ~600 mg/kg (10% TSP)



http://www.icongenetics.com/html/home.htm
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Tehnologiskie aspekti

Icon Genetics pieredze — mAb’s produkcija

-
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Tehnologiskie aspekti

.&1 Biotehnologisko platformu salidzinajums

&1 Modificéts péc Ma, J.K., Drake, P.M. and Christou P., Nature Rev. Genet., 4, 794-805, 2003.

‘g’ Table 1 | Comparison of production systems for recombinant human pharmaceutical proteins

‘e . System Overall Production Scale-up Product Glycosylation Contamination Storage

A 1 cost timescale capacity quality risks cost

‘e : Bacteria Low Short High Low None Endotoxins Moderate

&1 Yeast Medium Medium High Medium Incorrect Low risk Moderate I
’ Mammalian High Lang Very low Very high Correct Viruses, pricns and Expensiv

‘e ~ cel culture oncogenic DNA

‘e’ Transgenic High Very long Low Very high Correct Viruses, prions and Expensive
1 animals oncogenic DNA

‘e , Plant cell Medium Medium Medium High Minor Low risk Moderate
1 cultures differences

‘e : Transgenic Very low Long Very high High Minor Low risk Inexpensive

A ’ plants differences

\&1 Plant Virus |LOW MEDIUM HIGH HIGH MINOR LOW RISC INEXPENSIVE

‘& _ Platform DIFFERENCES
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Tehnologiskie aspekti

Ir perspektiva tehnologija - kapéc netiek plasi pielietota?

LB AttP RB
TMV' e T T T rore [T ve T

LB {tB RB

I—‘ESPl A5 HC [srwv| T |—| ‘

LB AtB

PVX sP] AsLc

LB
L{psss] RdRp

mAB’s ieglSana:

I d I I I I I I I I

-

S
~20 mg mAb’s no ;.gthO m|9/_ I - o
) _ Iaitaju sunu linyas
vienas peles ascita T 500 mg/kg
10 dienas izndkums max 500 mg 3-4 dienas

43 d
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Tehnologiskie aspekti

Ir perspektiva tehnologija - kapéc netiek plasi pielietota?

1. Proteinu glikoziléSana ?ﬁ g
B g

Bacterial Yeast Transgenic plants Insect cells  Native glycoproteins

Chen et al., Medicinal Research Reviews, Vol. 25, 343-360, 2005

@ Peptidle @ Xylose @ Galactose Bl N-acetylglucosamine
O Mannose A N-acetylneuraminic acid o Fucose

Vajadzigi papildus kliniskie pétijumi:
1) farmacetiskajiem proteiniem jabat stabiliem cilveka organisma;
2) tie nedrikst izraistt alergijas
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Tehnologiskie aspekti

Ir perspektiva tehnologija - kapéc netiek plasi pielietota?

2. Birokratiskas grutibas

Paslaik farmaceitisko preparatu biotehnologisku iegGi§anu no augiem
kontrolé gan medicinas, gan lauksaimniecibas uzraudzibas iestades,
kas sarezgr atlauju sanemsanu.

«Growing” medicines in plants requires new regulations: Just one farm growing 25 square miles of safflower could meet
the world’s total demand for insulin. But potential cost savings are eliminated under current regulations, set up for
GM agricultural crops not pharmaceuticals.» Sparrow, John Innes Centre, UK, 2013

Viltus safrans Carthamus tinctorius

Vajadzigas likumdoSanas izmainas, kas regulé tieSi farmaceitisko produktu
razoSanu no augiem biotehnologiska cela
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Tehnologiskie aspekti

Ir perspektiva tehnologija - kapéc netiek plasi pielietota?

3. Agrobacterium — potenciali bistama cilvékiem?

Nav viennozimigu datu. Pastav aizdomas, ka Agrobacterium ir
saistita ar adas saslims8anu (Morgellons Disease) un spégj

transformét ziditaju stnas:
1) J. Cummins, Magnifection, Safe Pharming or Doomsday Device?
ISIS Report, 2005/03/09
2) Kunik et al., Genetic transformation of HelLa cells by Agrobacterium.
PNAS USA, 2001, 98, 1871-87.
3) Petrunia et al., Agrobacterium tumefaciens-Induced Bacteraemia Does Not
Lead to Reporter Gene Expression in Mouse Organs. PLoS ONE. 2008, 3(6):
2352

RazosSana jaievéro
GMP (good manufacting practice) prasibas attieciba uz produktiem
un droSas razoSanas prasibas attieciba uz apkartéjo vidi un personalu
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‘é“ Tehnologiskie aspekti

‘é.‘ Ir perspektiva tehnologija - kapéc netiek plasi pielietota?
&1 4. Izmaksas.
s
.%., Tehnologiju ievieSana |oti darga — cilvéka papilomas virusa
‘e - vakcinas (Gardasil/Silgard) izstradei (raugu ekspresijas platforma),
-@; parbaudém un ievieSanai firma MERCK ieguldijusi
L 1000 000 000 $
\eﬂ
& G
1 SILGARD.
‘e“ leguldot lTdzek|us tehnologijas, farmacijas firmas vélas bt parliecinatas
‘%’ par tas efektivitati, stabilitati un ilgstoSu atdevi, jabut pozitivai pieredzei.
L. Kadam ir jauznemas iniciativa!
1
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Tehnologiskie aspekti

Iniciativas:

(/ . Newcastle virus veterinara
ﬂmDuw AgroSciences = vakcina - pirma licenzéta

augu izcelsmes vakcina,
kas sekmigi izgajusi Il
kltniskas fazes pétijjumus

— 6‘“—) Bayer Innovation | —

Pretvéza mADb’s

©

GENETICS

e’ Idiotype vaccination in the treatment of non-Hodgkin’s lymphoma:
clinical Phase | study with personalized vaccine from
tobacco plants

I I d I I I I I I I I


http://www.icongenetics.com/html/home.htm
http://www.icongenetics.com/html/home.htm
http://presse.bayer.de/baynews/baynews.nsf/id/0AA54C60C9F567D2C12576B90038E7C4?open&ccm=000
http://presse.bayer.de/baynews/baynews.nsf/id/0AA54C60C9F567D2C12576B90038E7C4?open&ccm=000
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Tehnologiskie aspekti

Individual cancer
vaccine

individualas vakcinas iegusana

- Nehodzkina limfoma — |aundabiga asins Sunu
saslim$ana (66000 pacientu katru gadu ASV);

- Laundabigas B Stnas producé unikalus Stnu virsmas
imunoglobulinus (idiotipus), kas kalpo ka markieri; tie
atSkiras individualiem pacientiem.

-Vakcinas iegiSana sakas ar biopsijas iegisanu no
pacientu limfmezgliem;

The process storts with a biopsy: doctors
remove tumor tissue from
usually from the lymph nod
cancer celis from it (1). Loc
surfoces of the diseased cell:
structures (2) known as surfi
These differ from potient to
the genetic blueprint for this
pets ore then introduced int

. -
— ~l ~ ‘
N Y ,
L T 5 .
\‘\40\.‘ \_.\ ‘[
Y .1\! 2
.;(I' N

I d I I I I I I I I

-

43 d
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Tehnologiskie aspekii

Individual cancer
vaccine

o J Bayer Innovation  ne-Hodzkina limfomas
2 s
“""" individualas vakcinas ieglsana

I/‘
,4
‘)‘/,

-No biopsiju materiala ar RT-PCR palidzibu tiek amplificéts
attieciga individuala idiotipa proteinu sekvences kDNS;

4 44333 .d 3

The process starts with a biopsy: doctors
remove tumor tissue from the patient,
usually from the lymph nodes, and isolate
mmc\-llsfvwnt"}locur:donﬂreoufe 3 t
surfoces of | to produc
ins, or i forshort.  extrocted and cleaned, the i

These differ from patient to patient. The researchers have to elucidate  derived from a noutilus (6). T
the genetic blueprint for this protein and duplicate it (3). The genesnip-  byinjection (7), stimulates th
pets ore then introduced into the leaves of tobacco plonts (4] Asevery  bodies to combat the tumor
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Tehnologiskie aspekti

Individual cancer
vaccine

’ @Bayerlnnovation ne-Hodzkina limfomas

- % individualas vakcinas iegi$ana
=, = g
vi

-Péc atlases no klonu bibliotekas
YR T individuala kDNS tiek subklonéta MAGNIFECTION

Ng ' vektoru sistéma un ar Agrobacterium
i palidzibu |evad|t\s\augos W\ /

2’0’
The process starts with a biopsy: doctors

patient requires o toilor-mode voc-
remove tumor tissue from the patient, 5| cine, eoch individuol also requires their
usually from the lymph nodes, and isolote * oown production line. The introduced gene

cancer cells from it (1). Located on the outer

surfaces of

the opobility

to produce patient-specific idiotypes (5). After being
rfoce i ins, o idit short.  extrocted and cleaned, the idiotypes are coupled to o carrier molecule

These differ from potient to patient. The researchers have to elucidote ived fro ilus (6). Th i i inis

g 2 s 2 wplicoteit(3). Th o~ byinjection 7} st SR i

pets ore then introduced into the leaves of tobacco plants (4] Asevery  bodies to combat the tumor cells in the lymph tissue.
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Tehnologiskie aspekti

Individual cancer
vaccine

@ Bayer Innovation ne-HodzZkina limfomas

individualas vakcinas iegisana
Péc ekstrakcijas no lapam idiotipu molekulas tiek
Kimiski “pieSttas” pie imunologiski aktivas neséjmolekulas

KLH (keyhole limpet hemocyanin —
subvienibas 350/390 kDa, agregati Iidz 13 MDa)
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Tehnologiskie aspekti

Individual cancer

~+i=) Bayer Innovation ne-Hodzkina limfomas

vaccine B
W“ 2 a . . . - = = . -
- *”’%‘%\ | individualas vakcinas iegisana

b.:': OOy o
o o 3 P / 7
The process starts with o biopsy: doctors 3 » \.a
remove tumor tissue from the patient, ‘ " ~

usually from the lymph nodes, and isolot : \ &
cancer cels from it (1). Locoted on the 4 - \& ;
surfoces of the diseased cells ore charocte b=~
structures (2) known as surfoce immunog

These differ from potient to patient The )

the genetic blueprint for this protein and|

pets ore then introduced into the leaves (

§EFTETSS

v |
& J h - Individualizeéta vakcina tiek injicéta un stimulé pacienta
| x;,a‘ | imadnsistému, lai ar izveidoto antivielu palidzibu iznicinatu
o -~ laundabigas B $dnas

e

N i A
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‘é‘ Tehnologiskie aspekti

Bayer Innovation

8y
|2AYER
W R

vaccine

& Individual cancer
’ - vakcinas razoSanas process relativi vienkarss:

s I | No biopsijas lidz gatavai vakcinai <12 nedélas,

é no kuram antigéna ekspresijai un attiriSanai vajadzigas

tikai 2 nedélas;

, -Sistéma pielietojama vakcinu un monoklonalo
antivielu razoSanai ar iznakumu, kas 50 — 1000 reizu
parsniedz citu ar augiem saistito tehnologiju efektivitati;

memsswene | -pretvéza monoklonalas antivielas (dozas — 2-4 mg/kg),

cine, eoch individuol also requires their

ey | tatad 1 cilvekam (~70 kg) 2 — 4 terapeitiskas dozas

5
usuolly from the lymph nodes, and isolate

The process storts with a biopsy: doctors
’ remove tumor tissue from the potient,

cancer celis from it (1). Located on the outer G pobility
& y surfoces of the diseased cells are characteristic protein to produce patient-specific idiotypes (5). After being '
res(2)k focei lobulins, o idiotypes for sh 1d cleaned, the idi led i i k b k I
1 e v P animamesats e | 110 1 kg tabakas lapu!
the genetic blueprint for this protein and duplicate it (3). The genesnip- by injection (7), stimulates the patient’s immune system to produce onti-
2 ! pets ore then introduced into the leaves of tobocco plonts (4). Asevery  bodies to combat the tumor ceils in the lymph tissue.
(13 A .
‘e’ ...successful marketing approvals by regulatory agencies
A ”
‘e ; are only a matter of time...
1 Mccormick (2011) Human Vaccines 7:3, 305-312.

‘e’ Jauna tehnologija, individualas terapijas princips
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Tehnologiskie aspekii
MAGNIFECTION sistéma Ebola virusa mAb’s producésnanai

Mouse challenged with antigen
‘?/;/ \ /)N
I ' ‘ 4 (o m era
Spleen Cells Myeloma Cells
Mapp Biopharmaceutical 2200000000
Fusion | \<
Hybridomas . }( /r;\
Culture in HAT Medium Harvest monoclonal
Select for positive cells antibodies

! EKBP ®_J

KENTUCKY BIOPROCESSING

ddddddd I d I I

AttP

TMV ﬁ]Pachm [ TMrere TLTI e

LB tt8 RB

SP| A5 HC Frw]+
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Frbr

Ebola
virus

LB AtB

PVX ‘—’@SPI A5 LC |3'va|—R|B e

LB |12K I AttP B/ ‘; .
Lpass] RdRp [ 25K

80x800
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Virusiem lidzigas dalinas

Augu virusiem lidzigas dalinas no rekombinantiem mikroorganismiem

4 44333 .d 3

ApMV RBDV CCMV  RYMV (T3) RYMV(T1) RGMoV CfMV

E.coli E.coli E.coli E.coli E.coli P. pastoris E.coli

“_N;_ | AR ‘m v PRy
ACLSV ASPV ASGV PVX

E.coli E.coli E. coli E.coli E.coli E.coli



Augu virusu molekularas tehnologijas

Virusiem lidzigo dalinu ieguSanas principiala shéma
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&1 Virusiem lidzigo dalinu iegiSana no mikroorganismu stinam

Viens strukturalais géns

o) e jer—) | || | =) |
f2b

’ [
| o > A=00 bp Neol(107)
P{%

RT-PCR _{

i -

HindIII(ggo)
lacl e #

pCP
Sizgbp

v

KmR

@; -ﬁ" 'ﬂ, |
* | B
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a Virusiem lidzigo dalinu iegiSana no insektu Sinam

J'
=% ViralZone Rice dwarf virus (Reoviridae)

vel?

OUTER CAPSID

Segment 1(4 4kb) Se
- 2 . . gment 9 (1.3kb)
- “PURdRp = SegmentS(2.Skb) g
Segment 2 (3.5kb) = = Segment 10 (1.3kb)
= P2 =e Segment6(1 7kb) B

:v:{ C Pnse —e

Segment 3 (3.2kb) Segment 11 (1.0kb)
- 59917 (1 7kb) —IPsil =e
Segment 4 (2.5kb) Segment 8 (1.4kb) Segment 12 (1.0kb)
. D g
INTERMEDIATE | INNER INTERMEDIATE INNER |
CAPSE CAPSID CAPSID CAPSID Segmentéts linearu dsRNA genoms,

satur 12 segmentus, kas kodé 15 proteinus

Vairaki strukturalie géni
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Virusiem lidzigo dalinu iegiSana no insektu Sinam

% ViralZone

Segment 1 (4.4kb)

Rice dwarf virus (Reoviridae)

P1RdRp
Segment 2 (3.5kb)

[

c-:{ P2

[ Segment 3 (3.2kb)

Segment 4 (2.5kb)
B Pris4

Miyazaki, 2010

—e

=% Segment 5 (2.5kb)

Segment 9 (1.3kb)
S T —

Segment 6
Segment 7 (1.7kb)

P5

-

o= Pnsi0 |—=

Segment 11 (1.0kb)

o= Pnst] —a

[SegmentB (1.4kb)

-

Spodoptera frugiperda

EM

Sf9 Sdnas
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Augu virusiem lidzigas dalinas

Pielietojumi:
1) Imunologiski aktivi neséji

-l

l peptida cDNS
-

Neol(1o7)

pif

HindIT (990)
lacl e 39

pCP
G125 bp

KmR
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Augu virusiem lidzigas dalinas

Pielietojumi:
1) Imunologiski aktivi neséji

120,000
M anti-PVY

O anti-preS1(20-47)

100,000

80,000

60,000

Ab titer (1/dil.)

40,000

Kalnciema et al., 2012 20,000 -

1A 1B 2A 2B
Group No.
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j" Augu virusiem lidzigas dalinas
e Pielietojumi:
\&‘ 2) Terapeitiski nanomateriali

! ! Cowpea mosaic virus (CPMV) —
véza Kimijterapijas preparata doksorubicina
(DOX) nesgjs.
Pie CPMV VLP virsmas Kimiski piesaista 80
i DOX molekulas, kas palielina preparata
- efektivitati pie zemam dozam.
Aljabali, Lomonossoff, 2012

8 1 X — g g
= 1 Capsid dimer EGFP EGFP-Capsid protein  Wild-lype
&q with K-coil with E-coil complex capsid protein Capsid with EGFP

& - Cowpea chlorotic mottle virus (CCMV) virsmas proteins ar K-coil motivu (KIAALKE) spéj stabili piesaistit dazadus
’ proteinus ar E-coil motivu (EIAALEK). VLP veidoSanas procesa var tikt iepakotas I1dz 14 terapeitiska proteina
‘e* molekulam. Minten, Cornelissen, 2009
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Augu virusiem lidzigas dalinas

Pielietojumi:
3) Dazadi nanomateriali ar jaunam ipasibam

)

Tobacco mosaic virus ar C-terminalu His-tag
(-HHHHHH) piesaista zelta nanodalinas.

No sadam Au-VLP termiskas apstrades cela
var iegut nanometru izméra elektriskus vadus.
Whnek, Stockley, 2013

& o o 3 3

A
! ! )
-Si-0H - -Si- -
§ —» ) E— ) <
Lsi-0H  Coat with 5 Coat with | | g -
. polymer ) virus 6
-Si-OH g -Si-
0 0
[ [ [
& Cleaned " Polyelectrolyte " PEM with virus
B ’ glass Membrane (PEM) on top B
.y ’ L o _ 4
Tobacco mosaic virus ar C-terminalu peptidu -
3 (GRGDSPG) piesaista cilmes $linas un veicina %
# to diferenciaciju I'dz kaulu smadzenu SiGnam.
. ’ Lee, 2012
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KOPSAVILKUMS

Augu virusu vektoriem ir liels potencials augu ka dabisko bioreaktoru
izmantoSana mediciniski nozimigu proteinu razosSanai.

Plant-based biologics and vaccines in clinical development.
(Williams SCP (2012). Nature Medicine, 18, 5)

Platform

Uplyso Gaucher'sdisease  Protalix and Pfizer Carrot

(taliglucerase alfa) GMO
Locteron Hepatitis C Biolex Therapeutics Duckweed 3
: GMO

(interferon alpha)

SBS-1000 (insulin) EbEl=ICH SemBioSys Safflower 2 GMO

H5N1 vaccine Influenza Medicago Tobacco 2 Agrobacterium vektors, , VLPs

CaroRx antibody Tooth decay Planet Tobacco 2 GMO
Biotechnology

H1N1 vaccine Influenza Medicago, Tobacco 1 Agrobacterium vektors, , VLPs
Fraunhofer

PRX-105 Biodefense Protalix Carrot 1

(acetylcholinester GMO

ase)

P2G12 antibody HIV Pharma-Planta Tobacco 1 GMO

Lymphoma Non-Hodgkin's Bayer Tobacco 1

: Augu virusu vektors
vaccine lymphoma

Ir perspektivas uz augu virusiem balstitas
tehnologijas - industrija ir gatava to izmantot!
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Construction and Characterization of Virus-Like Particles:
A Review

Andris Zeltins

@ Springer Science+Business Media, LLC 2012

Abstract Over the last three decades, virus-like particles Introduction
(VLPs) have evolved to become a widely accepted tech-
nology. especially in the field of vaccinology. In fact, some  Virus-like particles (VLPs) are multisubunit self-assembly-

VLP-based wvaccines are currently used as commercial  competent protein structures with identical or highly rela-
medical products, and other VLP-based products are at  ted overall structure to their corresponding native viruses

different stages of clinical study. Several remarkable [1]. The term “VLP™ has been used to describe a number



