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SUPERINTENDENCIA DE INDUSTRIA'Y COMERCIO
DIRECCION DE NUEVAS CREACIONES
E. S. D.

REFERENCIA : RESPUESTA OFICIO DE FONDO 11278 DE 19 DE
JULIO DE 2022 - SOLICITUD DE REGISTRO DE
PATENTE PCT FASE NACIONAL TITULADA
“ADENOVIRUS ARMADO CON CAPTADOR
BIESPECIFICO DE _LINFOCITOS T (BITE)".-
EXPEDIENTE No. NC2020/0001930.

SOLICITANTE :  PSIOXUS THERAPEUTICS LIMITED.

ELIANA ISAURA MORENO BOHORQUEZ mayor de edad, domiciliada en la ciudad de
Bogota D.C, Republica de Colombia, abogada titulada e identificada como aparece al
pie de mi firma, en mi calidad de apoderada de la sociedad PSIOXUS THERAPEUTICS
LIMITED., atentamente manifiesto que estando dentro del término de ley y por orden
expresa de mi representada, como resultado del examen de forma realizado con
fundamento al articulo 45 de la Decision 486 de la Comision de la Comunidad Andina,
me permito presentar respuesta al Oficio de la referencia, bajo los siguientes.

1. SOBRE LA SOLICITUD DE PATENTE.

1.1 Sobre el Titulo, el examinador define que no refleja el objeto divulgado en la
descripcion y las reivindicaciones, por lo cual presentamos en reemplazo el
siguiente titulo:

"ADENOVIRUS QUE EXPRESA UN ACTIVADOR BIESPECIFICO DE
LINFOCITOS T ANTI-CD3 Y FAP Y LAS PROTEINAS CXCL10, CXCL9 E
IENA "
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Sobre las reivindicaciones, esa oficina informa que la reivindicacién 1 a 7 no
son claras y no se encuentran sustentadas en la descripcion. Agrega que las
reivindicaciones 2 a 7 y 11 no son claras porque incluyen los términos: "tal
como" o "por ejemplo”. Define que la reivindicacion 10 no es clara porque se
refiere a los péptidos "E2A, F2A, P2A y T2A" que son denominaciones
arbitrarias de la descripcién. Expresa que la reivindicacion 11 no es clara
porque, incluye la expresion: "como se muestra en la Figura XC" la cual
ademas de ser ambigua, se refiere a elementos de la descripcion.

En consecuencia, se adjunta un nuevo capitulo reivindicatorio con base en lo
requerido, con pago por modificacion voluntaria bajo presentacion
NC2022/0017038.

Sobre la descripcion, agradecemos tener en cuenta que, por instrucciones
del Solicitante, el término "BiTE" debe ser reemplazado por el término
"activador biespecifico de linfocitos T". El sustento para esta enmienda
puede encontrare en el parrafo que abarca las paginas 6 y 7 del documento
PCT correspondiente tal como fue publicado. En consecuencia, presentamos
nueva memoria descriptiva, dibujos, listado de secuencia siguiendo dicha
instruccion con pago por modificacion voluntaria bajo presentacion
NC2022/0017038.

Asi las cosas, las reivindicaciones 1 a 4 y 11 se han modificado para
reemplazar el término "BiTE" por “activador biespecifico de linfocitos T ". El
sustento para esta enmienda se puede encontrar en el parrafo que abarca
las paginas 6 y 7 del documento PCT correspondiente tal como se publico.
La reivindicacion 1 se ha modificado ademas para reemplazar el término
"IFN" por "IFNa". El sustento para esta enmienda se puede encontrar en la
reivindicacion 7 y en la Figura 1C del documento PCT correspondiente. Las
reivindicaciones 2 a 6 se han modificado para eliminar las referencias a
porcentajes de identidad de secuencia. Las reivindicaciones 2 a7y 11 se
han modificado para eliminar las expresiones del tipo “al menos” y "por
ejemplo". Las reivindicaciones restantes permanecen sin cambios.

La nueva reivindicacion 1 menciona la ubicacidn precisa del casete de
transgén y también proporciona de manera clara la identidad de los 4
transgenes en el casete, es decir, el activador biespecifico de linfocitos T anti
FAP, CXCL10, CXCL9 e IFNa. Por lo tanto, la reivindicacion 1 menciona
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claramente todas las caracteristicas esenciales necesarias llevar a cabo la
presente invencion.

Ademas, nos permitimos respetuosamente sefalar que el hecho de que el
Sr. Examinador pudiera realizar la busqueda de arte previo y examinar las
reivindicaciones en cuanto a la novedad y actividad inventiva sugiere
enfaticamente que el Sr. Examinador fue capaz de entender el significado de
la reivindicacion 1 e indica, de hecho, que la reivindicacion 1 no carece de
claridad.

El Solicitante define que no esta familiarizado con la practica actual de esa
Oficina de Patentes en relacion con el alcance permitido para un pliego
reivindicatorio, mas especificamente, qué interpreta por “generalizacion
razonable”. Como bien saben, en la mayoria de las jurisdicciones una
generalizacion razonable es aquella que no es tan amplia como para ir mas
alla de la invencion, ni tan limitada que prive al Solicitante de una justa
recompensa por la divulgacion de su invencion. En el presente caso, la
memoria descriptiva tal como se presento originalmente contiene un ejemplo
de un adenovirus (es decir, NG-641) que comprende un casete de transgén
ubicado en la posicién By que codifica un activador biespecifico de linfocitos
T anti-FAP, CXCL10, CXCL9 e IFNa (ver el Ejemplo 23 y la Figura 1). Por lo
tanto, el Solicitante ha demostrado que se puede generar con éxito un
adenovirus que comprende dicho casete de transgén. En base a esto, el
experto medio en la materia tiene una expectativa razonable de éxito de que
otros adenovirus también pueden ser generados con un casete de transgén
insertado en la misma ubicacién, que codifique los mismos 4 transgenes. Por
lo tanto, el experto medio en la materia es capaz de llevar a cabo la
invencion sin el ejercicio indebido de su actividad inventiva y el alcance de la
reivindicacion es proporcional al aporte del Solicitante al estado de la
técnica.

Respetuosamente, nos permitimos sefialar que no es necesario ni justo
esperar que el Solicitante ejemplifique todas y cada una de las formas de
realizacion posibles. En consecuencia, se solicita amablemente al Sr.
Examinador que retire sus objeciones sobre falta de sustento y claridad en
las reivindicaciones.
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Las reivindicaciones 2 a 6 no carecen de claridad en vista de las enmiendas
previamente detalladas, relacionadas con la eliminacion de las referencias a
porcentajes de identidad de secuencia.

Las nuevas reivindicaciones 2 a 7 y 11 no carecen de claridad en vista de la
supresion de expresiones del tipo “al menos” y "por ejemplo".
Respetuosamente nos permitimos sefalar que los péptidos mencionados en
la reivindicacion 10 no son nombres arbitrarios. Son los nombres oficiales de
los péptidos 2A autoescindibles, que resultarian familiares para el experto
medio en la materia. Como prueba de esto, nos permitimos remitir al Sr.
Examinador al articulo adjunto de Wang et al publicado en noviembre de
2015 (Anexo 1). La Figura 3A se reproduce a continuacion:

A
h3CQ BmActd ; DsRed EGFP Ser1 PA

— -—
p— —

- —

PIA: ATNFSLLKQAGDV E

TIA EOROSLLYCGDV ' E

EA: QCTNYAULK LAGDY &

FIA VEQ TINFDL LKL AGD V'S

BmCPVZA(GS0+30) RTAFOF QQDVFR ONY DLL KLC OD: ' B
BIFVIAIGSG+)0) PRI GNV ART LTRAXI DR UR AGI ' 8
Contiol: GGG ORG STC GOV NGR

Por lo tanto, las secuencias completas de aminoacidos de P2A, T2A, E2A y
F2A han estado disponibles al menos desde 2015. En consecuencia,
afirmamos respetuosamente que la reivindicacion 10 es clara y no es
necesario mencionar las secuencias de aminoacidos.

Con lo anterior esperamos haber cumplido con los requerimientos de forma
exigidos por este despacho en el oficio de la referencia y solicitamos se
tengan en cuenta dentro del presente. Es de aclarar que tales correcciones
hacen referencia a los requerimientos exigidos por ese despacho y por tanto
no pretenden ampliar la materia inicialmente presentada.

2. ANALISIS DE PATENTABILIDAD.

Respecto al examen de patentabilidad, el examinador hace referencia a que
consultadas las fuentes con que cuenta esa oficina, se encontraron
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documentos del estado de la técnica que afectan su patentabilidad con base
en:

[ item | Documento | Titulo | Fecha de publicacion |
Y. Feng, Molecular “Cancer Associated Fibroblasts-Targeted
D1 Therapy Volume 23, | Oncolytic Virus Results in Enhanced Antitumor | 01 de mayo de 2015
Supplement Activity in Mouse Model”
D2 WO2015155370 Group B adenovr:;sgr:;z-dﬁed in the Edorf4

.

15 de octubre de 2015

En consecuencia, presenta una tabla argumentando las caracteristicas de
patentabilidad.

Como se mencion6 anteriormente, el adenovirus actualmente reivindicado
esta ejemplificado por el adenovirus NG-641. La memoria descriptiva tal
como se presento originalmente incluye una gran cantidad de datos sobre
este virus:

La Figura 2 muestra que NG-641 podria replicarse con éxito en lineas de
cancer de pulmon, mama y vejiga. Esto demuestra que la insercion del
casete de transgén en NG-641 no impactdé negativamente en su
capacidad de replicacion.

La Figura 3 muestra que NG-641 tiene una buena capacidad oncolitica.
Esto demuestra que la insercion del casete de transgén en NG-641 no
tuvo un impacto negativo en sus propiedades de inactivacion del cancer.

Las Figuras 5 a 7 demuestran que los 4 transgenes codificados por el
casete de transgén en NG-641 podrian expresarse correctamente y que
eran funcionales. Las Figuras 8A a 9 muestran ademas que los
transgenes CXCL10, CXCL9 e IFNa fueron capaces de activar vias
relevantes en ensayos de indicadores.

Las Figuras 10 y 11 demuestran que NG-641 fue capaz de activar
linfocitos T. Nétese que EnAd (que no tiene los 4 casetes de transgen) no
fue capaz de activar los linfocitos T (ver también los Ejemplos 2, 3, 4,5y
23).

Por lo tanto, los Ejemplos y Figuras demuestran que NG-641 tiene
propiedades Uutiles e inesperadas. En particular, la capacidad de los
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adenovirus reivindicados en la presente para expresar un activador
biespecifico de linfocitos T anti-FAP combina dos mecanismos terapéuticos
bastante diferentes, en donde el adenovirus proporciona muerte por lisis de
células tumorales que son permisivas a la infeccion del virus, y el activador
biespecifico de linfocitos T anti-FAP dirigido a la activacion de linfocitos T
tanto para matar las células en el tumor mediante antigeno especifico
seleccionado, como para, de manera mas amplia, dirigir respuestas
inmunitarias antitumorales en el tumor desde los linfocitos T. Esto permite
una flexibilidad considerable en el disefio de un enfoque terapéutico, por
ejemplo, para administrar citotoxicidad a células asociadas al tumor que son
relativamente resistentes a la destruccion viral oncolitica sola. Los otros 3
transgenes CXCL10, CXCL9 e IFNa expresados por NG-641 son citocinas y
quimiocinas inmunomoduladoras que mejoran aun mas la actividad
terapéutica general del adenovirus al mejorar el reclutamiento y la activacion
de las células inmunitarias.

2.4 Por lo tanto, nos permitimos respetuosamente afirmar que el adenovirus
actualmente reivindicado que comprende un casete de transgén que codifica
un activador biespecifico de células T anti FAP, CXCL10, CXCL9 e IFNaq,
proporciona un adenovirus alternativo util que tiene ventajas técnicas sobre
los adenovirus del estado de la técnica y justifica una actividad inventiva.

2.5 En cuanto al estado de técnica citado, D1 se refiere a un virus vaccinia que
codifica un activador biespecifico de células T anti FAP. Se recuerda
amablemente al Sr. Examinador que se trata de un virus completamente
diferente en comparacién con el adenovirus de la reivindicacion 1. El experto
medio en la materia no puede predecir que un adenovirus pueda expresar
con éxito un activador biespecifico de linfocitos T anti FAP funcional
basandose en los datos de un virus diferente. Por lo tanto, D1 difiere del
virus de la reivindicacion 1 en que:

251 No ensefia un adenovirus que comprende un activador biespecifico de
células T anti FAP;

252 No ensefia que el adenovirus deba codificar también los transgenes
CXCL10, CXCL9 e IFNaq; vy 3.

253 No ensefia que el casete de transgén deberia ubicarse en la posicion By.
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2.6 D2 ensefia un adenovirus del grupo B que codifica un transgén ubicado en la
posicion By. Sin embargo, contrariamente a los comentarios del Sr.
Examinador, no ensefia que el adenovirus deberia codificar los transgenes
CXCL10, CXCL9 e IFNa. La reivindicacion 17 menciona una gran lista de
posibles transgenes y, por lo tanto, una gran cantidad de posibles
combinaciones de transgenes entre las cuales elegir. No hay ninguna
ensefanza ni indicacion de que el experto medio en la materia deba elegir
exactamente 3 transgenes y no hay una indicacion de que estos 3
transgenes deberian ser especificamente CXCL10, CXCL9 e IFNa.

2.7 Para el Sr. Examinador solo fue posible arribar a esta combinacién
especifica de transgenes porque tenia conocimiento previo de la invencion
reivindicada. En otras palabras, el Sr. Examinador esta aplicando un
indebido analisis ex-post facto, lo cual no esta permitido cuando se evalua el
requisito de actividad inventiva.

2.8 Porlo tanto, D2 no puede suplir la falta de ensefianzas en D1.

2.9 En vista de lo anterior, respetuosamente nos permitimos manifestar que el
estado de la técnica opuesto simplemente no ensefa el adenovirus
actualmente reivindicado, ya sea si los documentos se consideran solos o en
cualquier combinacion.

2.10 En consecuencia, a la luz de todo lo anterior, me permito solicitar a ese
despacho, esta solicitud sea concedida bajo el tenor de las nuevas
reivindicaciones, conforme el articulo 45 de la Decision 486 de la Comisién
de la Comunidad Andina. Sin embargo, incluso si el examinador lo considera
insuficiente en conjunto con las nuevas reivindicaciones que aqui se
presenta, la solicitante ruega respetuosamente que se le ofrezca una nueva
oportunidad, a través un nuevo Oficio para expresarse sobre cualquier tema
en controversia.

3. FUNDAMENTO DE DERECHO
Fundamento esta remision en las normas legales siguientes:

3.1 Articulo 45 de la Decisidén 486 de la Comision del Acuerdo de Cartagena.
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3.2 En las demas normas concordantes.
4. ANEXOS

NUEVO PLIEGO REIVINDICATORIO.

MEMORIA DESCRIPTIVA.

DIBUJOS.

LISTADO DE SECUENCIAS.

PAGO DE TASA POR MODIFICACION EN LINEA.

L *® N N

10. NOTIFICACIONES

Para efectos de notificaciones que por disposicion debe hacer su Despacho, informo
que mi representada y la suscrita recibiremos notificaciones en la Secretaria de su
Despacho o en mis oficinas de abogado situadas en la Carrera 58 N° 134-57 - Torre 2 -
Oficina 601 de esta ciudad de Bogota, Colombia.

Senora directora,

~ Y O .
C (Lataae /O
ELIANA ISAURA MORENO BOHORQUEZ
C.C. 51.975.664 de Bogota

T.P. 83823 del C.S.J
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ANEXO 1. P6853 WANG ET AL (SHOWS 2A PEPTIDES KNOWN AT LEAST SINCE
2015)
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SCIENTIFIC REPLIRTS

2A self-cleaving peptide-based
~multi-gene expression system in
‘the silkworm Bombyx mori

Received: o5 May 2015 :
Accepted: 07 October 2015 Yuancheng Wang***, Feng Wang“>*, Riyuan Wang?*, Ping Zhao*? & Qingyou Xia*?

Published: o5 November 2015

: Fundamental and applied studies of silkworms have entered the functional genomics era. Here,

. we report a multi-gene expression system (MGES) based on 2A self-cleaving peptide (2A), which

. regulates the simultaneous expression and cleavage of multiple gene targets in the silk gland of

: transgenic silkworms. First, a glycine-serine-glycine spacer (GSG) was found to significantly improve

. the cleavage efficiency of 2A. Then, the cleavage efficiency of six types of 2As with GSG was

. analyzed. The shortest porcine teschovirus-1 2A (P2A-GSG) exhibited the highest cleavage efficiency

" in all insect cell lines that we tested. Next, P2A-GSG successfully cleaved the artificial human serum

albumin (66 kDa) linked with human acidic fibroblast growth factor (20.2 kDa) fusion genes and

vitellogenin receptor fragment (196 kD) of silkworm linked with EGFP fusion genes, importantly,

. vitellogenin receptor protein was secreted to the outside of cells. Furthermore, P2A-GSG successfully

. mediated the simultaneous expression and cleavage of a DsRed and EGFP fusion gene in silk glands

. and caused secretion into the cocoon of transgenic silkworms using our sericinl expression system.

. We predicted that the MGES would be an efficient tool for gene function research and innovative
research on various functional silk materials in medicine, cosmetics, and other biomedical areas.

. The development of new technology and research methods has brought fundamental and applied stud-
. ies of the silkworm, Bombyx mori, into the functional genomics era'? Establishment of a multi-genes
* expression system (MGES) in silkworms allows the following potential advances: (i) visually studying
. the function of targeted genes, especially relationships within multiple genes (e.g. transcription factors
. or enzymes), (ii) simplifying the co-expression of multiple genes or multi-subunit protein complexes
. in silk gland bioreactor research (e.g. genes with multiple functions or antibody), (iii) creating a new
© multi-resistant transgenic silkworm strain (e.g. B. mori nuclear polyhedrosis virus (BmNPV) and cyto-
- plasmic polyhedrosis virus (BmCPV) multi-resistant silkworm), and (iv) genetically modifying the mid-
. dle and posterior silk gland of silkworms to produce multi-functional silk materials.

The 2A self-cleaving peptide (2A), which was discovered in the foot-and-mouth-disease virus
. (FMDV) in 1991, is an oligopeptide (usually 19-22 amino acids) located between two proteins in some
: members of the picornavirus family®. The 2A self-cleaving peptide of FMDV might undergo self-cleavage
. to generate mature viral proteins by a translational effect that is known as “stop-go” or “stop-carry”. The
. cleavage site is located between the last glycine of its C-terminal and the first praline of the 2B down-
© stream protein (—LLNFDLLKLAGDVESNPG]| P-)** (Fig. 1A). To date, 2A-like sequences in other viral
: mRNA molecules have been successfully identified, including the porcine teschovirus-1 2A (P2A), tho-
© sea asigna virus 2A (T2A), equine rhinitis A virus 2A (E2A), cytoplasmic polyhedrosis virus (BmCPV
: 2A), and flacherie virus (BmIFV 2A) of B. mori®’. The MGES based on 2As has the following advan-
© tages: (i) multiple proteins known to be expressed in equivocal amounts in the same cells and tissues
. because they were controlled by only one promoter, (ii) 2A is small, which can readily cleave multiple
. proteins while minimizing the possibility of their loss of function, and (iii) proteins linked by 2A could

. lState key laboratory of silkworm genome biology, Southwest University, Chongging, China. 2College of biology
and technology, Southwest University, Chongging, China. *These authors contributed equally to this work.
. Correspondence and requests for materials should be addressed to Q.X. (email: xiaqy@swu.edu.cn)
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F2A

BmCPV :
BmIFV :

Upstream gene

: ——GACGTTTTTCGCTCTLY:

: ACTCTGACGAGGGCGAAGHT

Figure 1. Cleavage mechanism and sequence analysis of 2A self-cleaving peptide. (A) Self-cleavage
mechanism of 2A self-cleaving peptide. The cleavage site locates between glycine (G) and praline (P) at its
C-terminus. After self-cleavage, amino acids residues at the N-terminus of 2A linked to upstream protein
and its last praline residue remained to the downstream protein, but the residues of 2A could be removed
through furin and signal peptide®. (B) Sequence analysis of six 2As which was respectively from porcine
teschovirus-1 2A (P2A), thoseaasigna virus 2A (T2A), equine rhinitis a virus 2A (E2A), foot and mouth
disease virus 2A (F2A), cytoplasmic polyhedrosis virus 2A (BmCPV2A) and flacherie Virus 2A (BmIFV2A).

be co-expressed in all cell types because cleavage activity was only dependent on the ribosome, which
is highly structurally conserved in eukaryotes®. Thus, MGES based on 2A sequences have been widely
applied in gene therapy to treat cancer and other diseases®*!°, and to genetically modify organisms to
create new functional or resistant plants and animals!'2. Furthermore, many researchers have used 2A
sequences to study the function of genes in mice'®, zebrafish!4, swine'®, fruit fly's, and sheep species!’.

In this present study, we attempted to construct an MGES based on 2A self-cleaving peptide for func-
tional and applied studies of the silkworm, B. mori. First, we confirmed that a GSG spacer could improve
the cleavage efficiency of native 2A. Then, P2A with an extra GSG spacer at the N-terminus (P2A-GSG)
was found to have the highest cleavage efficiency among the six types of 2As and the practicality and uni-
versality of P2A-GSG cleavage was proved through cleaving the other two artificial fusion genes linked
by P2A-GSG. Furthermore, we investigated whether the selected P2A-GSG could efficiently cleave targets
if linked to two fluorescent proteins in the silk gland of transgenic silkworms. The findings of this study
will guide the effective design of multi-gene expression vectors and promote innovative fundamental and
material studies of silkworms and Lepidopteran insects, as well as other species in the future.

Results

To screen for the 2A self-cleaving peptide with the highest cleavage efficiency and shortest amino acid
length, we first aligned and analyzed the nucleic acid and amino acid sequences of four commonly used
2A self-cleaving peptides: P2A, T2A, E2A, F2A, and BmCPV2A, BmIFV2A which are from viruses
that can infect silkworm larvae’ (Fig. 1B). A highly conserved region in the C-terminus of six selected
2As was identified, which was involved in self-cleavage according to previous reports*®. Then, we ana-
lyzed whether a glycine-serine-glycine spacer (GSG)®'®!° fused at the N-terminus of 2A could improve
its cleavage efficiency for BmCPV2A (30)’, because our previous data showed that native BmCPV2A
(30) exhibited a low cleavage efficiency in Sf9 and BmE cell lines. A total of three fusion-gene expres-
sion vectors based on hr3CQ usage of enhanced BmAct4 promoter were constructed and were tran-
siently expressed in insect-derived cell lines (Fig. 2A). Both the RFP and EGFP fluorescence signals
could be detected in BmCPV2A (30), BmCPV2A (GSG+30), and negative control vector-transfected
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Figure 2. GSG spacer significantly improved the cleavage efficiency of 2A self-cleaving peptide in

Sf9 cell. (A) Schematic diagram of DsRed-2A-EGFP fusion gene expression vectors. BmnCPV2A(30)3,
BmCPV2A(GSG+30) and Control respectively was the native BmCPV2A, GSG spacer added BmCPV2A(30)
and negative control. The skeleton of expression vector contained hr3CQ enhancer, BmAct4 promoter and
Ser1PA was used by Wang?? (the same below). (B) The results of fluorescent signal post-transfection in the
Sf9 cell. The White, Red and EGFP respectively indicated the results in the white, red and green lights (the
same below). (C) Protein analysis of samples from the Sf9 cells. (D) Cleavage efficiency analysis between
BmCPV2A (30) and BmCPV2A(GSG+30) in the Sf9 cell. Scale bar, 400um.

Sf9 and BmNS cells (Fig. 2B, Supplementary Figure 1A), suggesting that hr3CQ enhanced BmAct4
promoter-driven efficient expression of target genes. The cleaved immunoblot bands of RFP (~30kDa)
and GFP (~28kDa), indicated by reactivity with specific antibodies, could be detected in BmCPV2A (30)
and BmCPV2A (GSG+30) vector, but not in negative control vector-transfected cells, suggesting that
BmCPV2A (30) and BmCPV2A (GSG+30) functioned to cleave and generate mature RFP and EGFP
(Fig. 2C, Supplementary Figure 1B). Based on band intensity, the cleavage of RFP and GFP by BmCPV2A
(GSG+30) was enhanced 6.58-fold in Sf9 cells and 1.69-fold in BmNS cell compared with that by
BmCPV2A (30), besides, both RFP and EGFP fluorescence signals intensity in the BnCPV2A(GSG+30)
were much stronger than that in BmCPV2A(30) (Fig. 2B, Supplementary Figure 1A), which indicated
that the addition of a GSG spacer at the N-terminus significantly improved the cleavage efficiency of
BmCPV2A (30) (Fig. 2D, Supplementary Figure 1C).

Next, a GSG spacer was added at the N-terminus of six types of 2As: P2A, T2A, E2A, F2A, BmIFV2A,
and BmCPV2A; their cleavage efficiencies were analyzed by transient expression (Fig. 3A). Both RFP
and GFP fluorescent signals and cleaved RFP (~30kDa) and GFP (~28kDa) protein immunoblot bands
could be detected in all 2A-GSGs vector-transfected cells, suggesting that all of the 2A-GSGs functioned
in Sf9 cells (Fig. 3B,C). Among these 2A-GSGs, we found that P2A-GSG possessed the highest cleav-
age efficiency, which completely cleaved the DsRed-EGFP fusion gene product (100%). Additionally,
E2A-GSG, T2A-GSG, F2A-GSG, and BmCPV2A-GSG could cleave most of the fusion genes (>90%),
which was significantly higher than that of BmIFV2A-GSG (~29%) (Fig. 3D). Similar results were also
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Figure 3. P2A-GSG possesses the highest cleavage efficiency to cleave DeRed-2A-EGFP fusion gene
in the Sf9 cell. (A) Schematic diagram of DsRed-2A-EGFP fusion gene expression vectors. GSG spacer
was added at the N-terminus of each P2A, T2A, E2A, F2A, BmCPV2A and BmIFV2A. (B) The results of
fluorescent signal post-transfection in the Sf9 cells. (C) Protein analysis of samples from the Sf9 cells.

(D) Cleavage efficiency analysis of six type 2A self-cleaving peptides in the Sf9 cells. Scale bar, 400 um.

obtained in transfected BmE and BmNS cells (Supplementary Figure 2). These results above suggested
that the P2A-GSG with the highest cleavage efficiency and shortest length could be the best candidate
for an MGES in silkworms (Table 1).

The practicality and universality of P2A-GSG to cleave other customized fusion genes with different
molecular weights were further analyzed. First, human serum albumin (HSA, molecular weight 66 kDa)
and human acidic fibroblast growth factor (FGF1, molecular weight 20.2kDa) with two types of sort
orders were both linked by P2A-GSG (Supplementary Figure 3A) and could be cleaved into the HSA-2A
plus FGF1, FGF1-2A plus HSA protein products with corresponding molecular weights (Supplementary
Figure 3B and 3C) in BmE and BmNS cells, suggesting the cleavage mediated by P2A-GSG was not
affected by the gene sort orders. Then, a relative large protein vitellogenin receptor fragment (VgR-E
196kD)? of silkworm was linked to EGFP with P2A-GSG (Fig. 4A) and these expression vectors were
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2A self-cleaving
peptide P2A T2A E2A F2A BmCPV2A | BmIFV2A
Length! 22 21 23 25 33 33

Cleavage efficiency? 100% | 90%~97% | 99%~100% | 91%~98% 95%~99% 17%~70%

Table 1. Length and cleavage efficiency of six type 2A self-cleaving peptides. 'indicated the amino acids
number of 2A self-cleaving peptides containing GSG spacer used in this study. %indicated the cleavage
efficiency of 2A self-cleaving peptides which cleave the DsRed-2A-EGFP fusion gene in Sf9, BmNS and BmE
cells.
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Figure 4. P2A-GSG cleaved the VgR-F-2A-EGFP fusion gene in the Sf9 cell. (A) Schematic diagram
of VgR-E, EGFP, VgR-F-P2A-EGFP and VgR-F-EGFP fusion gene expression vectors. (B) The results of
fluorescent signal post-transfection in the Sf9 cells. (C) Protein analysis of samples from the Sf9 cells.
(D) Protein analysis of samples from the culture mediums of Sf9 cells. Scale bar, 400 um.

transfected to two insect-derived Sf9 and BmE cells. Obvious EGFP fluorescence signals were observed
after the EGFP and VgR-F-P2A-EGFP post-transfection, but not in the VgR-F-EGFP (Fig. 4B), showing
that P2A-GSG cleaved the VgR-F and EGFP fusion gene. The cleaved products of the VgR-F, EGFP
were also detected in the Sf9 and BmE cells (Fig. 4C, Supplementary Figure 4A), which indicated that
the linked large protein VgR-F by P2A-GSG could be also cleaved and the practicality and universality
of P2A-GSG for the co-expression of various fusion genes. Importantly, the cleaved VgR-F was detected
in the culture mediums of Sf9 and BmE cells (Fig. 4D, Supplementary Figure 4B), suggesting that the
cleaved VgR-F was secreted as the same with native VgR-F and cleavage of P2A-GSG could not affect
the target’s function.

The cleavage efficiency of P2A-GSG for the two co-expressed genes in transgenic silkworms was fur-
ther analyzed using our previously constructed sericinl expression system?"?2. In this system, a fusion
gene spDsRed-P2A-spEGFP, in which DsRed and EGFP each had a native serl signal peptide (sp) in
front that was linked by P2A-GSG, was designed and inserted into a hSRSE transgenic expression vec-
tor (Fig. 5A). The purified plasmids were mixed with the hsp70-PIG helper plasmid*** at a 1:1 molar
ratio and were microinjected into the non-diapausing eggs to generate transgenic silkworms according
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Figure 5. Generation of transgenic spDsRed-P2A-spEGFP silkworm. (A) Schematic diagram of pR-P2A-E
transgenic vector. spDsRed-P2A-spEGFP was fusion gene consisted of signal peptide of Serl gene (sp),

red fluorescent protein gene (DsRed), enhanced green fluorescent protein gene (EGFP) and P2A-GSG self-
cleaving peptide. The skeleton of expression vector contained hr3CQ enhancer, Ser1-P promoter, Ser1PA,
3xp3EGFPSV40, pBacL and pBacR were used by Wang?. (B) Screen for positive transgenic silkworm.

(C) Microinjection analysis of the transgenic spDsRed-P2A-spEGFP silkworm. (D) Expression of fusion
gene on mRNA level by real-time PCR. Serl is the endogenous gene, as a control and orange arrows were
primers used in (A). Scale bar, 2mM.

to a previously reported method?. A total of 24 broods with positive individuals were obtained by
fluorescent screening of 3xp3-EGFP expression in the eyes (Fig. 5B,C), Then, the transcription of the
spDsRed-P2A-spEGFP fusion gene was detected, which ranged from 14% to 40% compared to that of
the endogenous serl gene in three randomly selected transgenic lines (Fig. 5D). To confirm whether
P2A-GSG could successfully cleave spDsRed-P2A-spEGFP in transgenic silkworms, the histofluorescence
property and proteins of the silk gland from spDsRed-P2A-spEGFP transgenic silkworms were analyzed.
We found that the middle silk gland of spDsRed-P2A-spEGFP transgenic silkworms exhibited both RFP
and GFP fluorescent signals, suggesting that the spDsRed-P2A-spEGFP fusion gene was successfully
expressed by the sericinl expression system. Furthermore, immunoblot bands of cleaved RFP (~30kD)
and GFP (~28kD) could also be detected from proteins extracted from the silk gland of the three selected
transgenic silkworm lines (Fig. 6A,C), suggesting that P2A-GSG functioned in the silkworm to cleave the
spDsRed-P2A-spEGFP fusion gene. To confirm whether cleaved RFP and EGFP could be secreted into
cocoons, the cocoon histofluorescence properties and transgenic expression of spDsRed-P2A-spEGFP
protein in silkworms were analyzed. We found that the RFP and EGFP fluorescent signals could also be
observed in cocoons (Fig. 6B) and immunoblot bands of cleaved RFP and GFP were also detected from
proteins extracted from transgenic cocoons (Fig. 6D,E), suggesting that cleavage of RFP and EGFP by
P2A-GSG resulted in successful secretion into the silk thread.

In summary, we successfully constructed a 2A self-cleaving peptide-based MGES for the simultaneous
and efficient expression of multiple exogenous genes in the silkworm.

Discussion

Advances in three silkworm genome sequencing projects have markedly boosted fundamental and
applied studies of silkworms (B. mori), which also introduces higher requirements for functional genomic
research technologies and platforms!?. Because of the convenience of the simultaneous and efficient
expression of multiple genes in functional research studies, the MGES based on 2A self-cleavage peptides
had been widely used in various species, including cells, plants, and animals®''~!>'7, and this system will
also benefit silkworm functional genomic studies.
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Figure 6. Expression of the spDsRed-P2A-spEGFP fusion gene in the transgenic silkworm.

(A,B) Fluorescent images for the middle silk grand and cocoons of the transgenic spDsRed-P2A-spEGFP
silkworm. WT and pR-P2A-E were the wild type and positive transgenic silkworm. (C) Protein analysis
of samples from the middle silk grand with anti-RFP, anti-GFP antibodies. (D,E) Protein analysis for the
samples from the cocoons by the coomassie brilliant blue (CCB) staining and western blotting with anti-
RFP, anti-GFP antibodies. Scale bar, 2 mM.

In this present study, we attempted to construct a 2A-based MGES for silkworm functional genomic
research. First, we investigated whether the selected 2A could cleave a DsRed/EGFP fusion gene, and
we found that native 2A functioned inefficiently. Then, a GSG spacer was used to improve 2A cleavage
by fusion at the N-terminal of 2A according to previous reports®!®!1°. Thus, the cleavage efficiency of 2A
was significantly improved. The mechanism of GSG might be that it reduces the inhibition rate of the
2A reaction by the C-terminal region of RFP (immediately upstream of 2A) when the extra GSG spacer
was added?’. Then, we compared the cleavage efficiency of six types of 2As with GSG spacers, such as
P2A-GSG, E2A-GSG, BmCPV2A-GSG, T2A-GSG, F2A-GSG, and BmIFV2A-GSG, and we found that
the shortest P2A-GSG possessed the highest cleavage efficiency, as it completely cleaved the DsRed/EGFP
fusion gene in all insect cells tested. The cleavage efficiencies of E2A-GSG, BmCPV2A-GSG, F2A-GSG,
and T2A-GSG were all over 90%, which was significantly higher than that of BmIFV2A-GSG (17%-70%).
Next, we expressed the FGF1/HSA, HSA/FGF1 fusion genes and relative large protein VgR-F/EGFP
fusion gene by P2A-GSG for its practicality and universality to cleave other customized fusion genes
with different molecular weights. Notably, we noticed that the expression level of a downstream gene of
P2A-GSG, FGF1, was clearly increased, and both FGF1 and HSA expression levels were enhanced when
the HSA gene was located upstream of P2A-GSG (Supplementary Figure 3B-F). This finding was similar
to that of a previous report®, in which mAb expression improved after transfection with an L-F2A-H
expression vector compared with transfection with a H-F2A-L expression vector in CHO DG44 cells.
Based on Sunghoon Hurh’s result, with increasing expression of upstream genes (e.g. hCD46, hTBM, and
(HA) HO1) of 2A, corresponding downstream expression of EGFP improved®®. We could assume that
HSA should have higher expression in BmE and BmNs cells compared with FGF1, which indicated to us
that gene arrangement would be an important factor in the design of an effective MGES. Moreover, the
cleaved VgR-F by P2A-GSG was secreted into culture mediums as the same with native VgR-F (Fig. 4D,
Supplementary Figure 4B), which showed that the cleaved VgR-F probably retained its biologic function
and P2A-GSG may be an efficient tool to study gene’s function since cleavage of P2A-GSG did not affect
target’s function.

Additionally, the P2A-GSG-linked spDsRed-P2A-spEGFP fusion gene, which was controlled by a pre-
viously reported sericinl expression system, was used to generate transgenic silkworms. Both the middle
silk gland and cocoon of transgenic silkworms exhibited intense DsRed and EGFP fluorescent signals,
especially the immunoblot bands of cleaved fluorescent protein products that could also be detected in
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both the middle silk gland and cocoon of the transgenic silkworms, suggesting that P2A-GSG functioned
in transgenic silkworms to cleave the linked fusion genes. These findings suggested that we successfully
constructed a P2A-GSG-based MGES for simultaneous and eflicient expression of multiple exogenous
genes in silkworms.

The MGES will accelerate fundamental and applied silkworm research. For example, functional
genes related to silkworm development and metamorphosis could be simultaneously expressed with
their potential effectors or a fluorescent reporter to better understand their interactions or expression
patterns. We had genetically engineered a silk with wound healing function by a transgenic silkworm?'.
Thus, silk spun by the silkworm will be simultaneously generated with two or more extra valuable func-
tions, such as wound healing and antibacterial activity, biocompatible and tissue regenerative capacity,
or high strength and toughness by MGES mediated co-expression of several functional genes, which will
surely expand the applications of silk materials. Silkworms with high resistance or multiple resistances
to pathogenic micro-organisms, such as BmNPV, BmCPV, and Bombyx B. mori densovirus (BmDPV),
could be genetically modified by simultaneously expressing several antiviral genes, such as hycu-ep32 or
Bmlipase-1 using the MGES*-%°. Qverall, our findings will establish a novel technological strategy for
multi-gene expression in silkworms and will benefit functional genetic research, and could potentially
allow genetic modifications of silkworms. Moreover, it will also guide the construction of MGES for
other Lepidopteran insects and species.

Methods

Cell lines. The Sf9 ovary cell line from Spodoptera frugiperda, the BmE embryonic cell line from
B. mori, and the BmNS ovarian cell line from B. mori larvae were all maintained in our laboratory. The
S$f9 and BmE cell lines were maintained in Grace’s medium (Gibco), and the BmNS cell line was main-
tained in Tc100 medium (US Biological) supplemented with 10% fetal bovine serum (Gibco).

Vector construction. DsRed-2A-EGFP, FGF1-P2A-HSA, and HSA-P2A-FGF1 fusion genes were
amplified by overlapping PCR’, as described previously with slight modifications. The resulting fusion
fragments were cloned into a pUC19 vector (Takara) and sequenced. Then, the correct fragments were
sub-cloned into the transient expression vector pSL1180 [hr3CQ BmAct4 Luc Ser1PA]?*3!, which con-
sisted of hr3 enhancer from the nuclear polyhedrosis virus of Chongging Bombyx mori strain (hr3CQ),
the actin 4 gene promoter from silkworm genomic DNA (BmAct4) and the 3“UTR of the sericinl gene
(Ser1PA); the resulting vectors were termed pSL1180 [hr3CQ BmAct4 fusion genes Ser1PA]. Then,
P2A-EGFP and EGFP fragments with Xhol and Notl was amplified from pSL1180 [hr3CQBmAc-
t4DsRed-P2A-EGFPSer1PA] and then sub-cloned into pSL1180[hr3CQBmAct4VgRSer1PA] (kindly
gift from Dr. Enxiang Chen in our laboratory), thus, the resulting vectors were pSL[hr3CQBmAct-
4VgR-F-P2A-EGFPSer1PA] and pSL[hr3CQBmAct4VgR-F-EGFPSer1PA].

The fusion gene spDsRed-P2A-spEGFP (commercially synthesized by Genscript) encoded a P2A
self-cleaving peptide, DsRed, and EGFP genes, and signal peptide from the serl gene (sp) was added at
the N-terminus of the DsRed and EGFP genes. The spDsRed-P2A-spEGFP fragment was sub-cloned into
the intermediate vector pSL1180 [hr3CQSer1DsRedSer1PA]??, which contained the hr3CQ enhancer, the
Serl promoter of gene Serl (Serl-P), and the Ser1PA. Then, the whole transcriptional regulation unit was
sub-cloned into the pBac [3xp3EGFPaf] basic transgenic vector?**%; the resulting vector was designated
pR-P2A-E. Sequences of all primers used to amplify the fusion genes are summarized in Supplementary
Table 1.

Transient expression of vectors in cells. The transfection method was based on previous reports
with slight modifications®. Plasmids were prepared using Plasmid Mini kits (Qiagen). SF9, BmE, and
BmNS cells were equivalently transfected in six-well culture plates with 1 mg of each plasmid DNA and
3l X-tremeGENE HP DNA Transfection Reagent (Roche) in a final volume of 500l antibiotic-free
serum-free medium. After 5h, medium was replaced with complete medium for 3 days.

Generation of transgenic silkworm. The B. mori strain Dazao, which was reared on fresh mulberry
leaves, was used in our study. Injected embryos were prepared as described in a previous protocol®®
and the piggyBac transgenic vector pR-P2A-E mixed with a hsp70-PIG helper* was microinjected into
silkworm embryos 2h after oviposition using a TransferMan NK2 micromanipulator and a Femto Jet
5247 microinjector (Eppendorf) under a SZX16 microscope (Olympus). Then, injected embryos were
incubated at 25°C and 90% relative humidity. The hatched larvae were collected and reared on fresh
mulberry leaves and GO moths were sibling crossed to screen the positive broods in G1 embryos using
an Olympus SZX12 fluorescent stereomicroscope (Olympus).

Real-time PCR. All samples were extracted from the middle silk gland of three randomly selected
silkworms on the seventh day of the fifth instar. The relative expression levels of the fusion gene mRNA
were quantified on an ABI Prism 7000 sequence detection system (Applied Biosystems) with a SYBR
Premix exTaq kit (Takara). The endogenous gene Serl was used as a control and the primers used are
summarized in Supplementary Table 1.
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Protein analysis of transfected cells, middle silk gland, and cocoons of transgenic silk-
worm. Whole cell proteins in the SF9, BmE and BmNS cells were extracted using RIPA lysis buffer
(Beyotime) that included EDTA-free protease inhibitor cocktail (Sigma)®. Whole proteins from the mid-
dle silk gland were extracted in PBS solution (135mM NaCl, 2.7 mM KCl, 1.5mM KH,PO,, and 8 mM
K,HPO,, pH 7.2) from pieces of the middle silk glands, which were dissected from three randomly
positive silkworms and incubated at 4°C overnight. Whole cocoon proteins were extracted from 20 mg
cocoon powder of ten randomly selected cocoons with 1 ml urea solution (8 M urea, 25mM Tris-HCI,
pH 7.0) at 80°C for 30 min?%. Then, all protein samples were centrifuged at 17,900g for 5min to col-
lect supernatants. After measuring protein concentrations using an Enhanced BCA Protein Assay Kit
(Beyotime), samples were subjected to 12% SDS-PAGE and analyzed by Coomassie brilliant blue stain-
ing and western blotting. By western blotting, primary antibodies—anti-GFP and anti-Red, anti-FGF1
and anti-HSA, anti-VgR-F or one control primary antibody, 3-tubulin, were incubated with the mem-
branes and then with a secondary anti-rabbit IgG antibody. Finally, bands on the membranes were visu-
alized using an ECL Western Blotting Detection System (Amersham Biosciences). Images were recorded
by autoexposure for a few seconds using a Chemiscope Series (Clinx science instruments). Experiments
were carried out in triplicate.

Estimation of 2A cleavage efficiency. Cleavage efficiency of the 2A self-cleaving peptide was esti-
mated as described® previously using the following formula: cleavage efficiency = cleaved form/(cleaved
form + uncleaved form). The cleaved and uncleaved forms were normalized to 3-tubulin. The amounts
of each form were calculated based on band intensity on western blots measured using Image] software.
P-values were determined by two-tailed Student’s t-test (n=3).

Imaging. For cell imaging, cultured SF9, BmE, and BmNS cells were directly imaged with an Olympus
SZX12 fluorescent stereomicroscope (Olympus). Exposure times were 15ms for DsRed and 100 ms for
EGFP after excitation. For the middle silk gland on the seventh day in the fifth stage larva, fluorescence
signals were also observed using an Olympus SZX12 fluorescent stereomicroscope and exposure times
were 30ms for DsRed and 80ms for EGFP after excitation.
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