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INTERNATIONAL SEARCH REPORT Intemational application No.
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A. CLASSIFICATION OF SUBJECT MATTER
|PC(8) -~ CO7K 14/405; C12N 13/00; AB1N 5/6 (2016.01)
CPC - CO7K 14/405; C12N 15/86, S/8T;: AG1N 5/0622
Accerding to [nternational Patent Classification (IPC) or to both national classification and 1PC

B.  FIELDS SEARCHED

Minimum documentation searched (classification sarstern followed by classification symbols)
IPC{B): COTK 14/408; C12N 13/00; AGTN 5/06 (2

CPC: COTK 14/405; C12N 15/86, 5/67; AG1N 5.'0522

Documentation searched other than minimum documentation to ths extent that such documnents are included in the fields searched
CPC: CO7K 14/405; C12N 15/86, 5/87; AG1N 5/0622 (text search}
USPC: 4350455, 325, 320.1, 173.4; 536/23.7; 607/88 (text search)

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

Elechoniu Jula buses: PatBase; Google Patents; Googls Schalar

Search terms: Channelthodopsin {ChR), microbial thodopsin, anion channet, light gated channel, hyperpolarization, cation channel,
argae {8.g. Guillardia), cptogenstict, vactor, exprassion, polyauslactide

C. DUUCUMENTS CUNSIDEKED 14 BE RELEVANL

Category®* Citation of document, with indication, where appropriate, of the relevant passages Relevant to ¢laim No.
Y «| BERNDT ot al. Structure-guided transformation of channelrhodopsin inte a light-activated 1-4, 10, 11, 20, 22

- chioride channel. Science 25 April 2014 Vol 344 No 6182 Pagses 420-424 and onlina —————-

A Supplementat Material [Available on the intarnet: <URL: http: 16, 21

www sciancemag.org/content/344/6182/420/suppl/DC1>]. Especially abstract, onling
Supplemental Materials. .

=1 Uniprat Accession L1J207. Uncharaclerized Protein (online) 06 March 2013 refrieved 30 May 1-4, 10, 11, 20, 22

; 20135] [Available on the internet: hitp:iwww.uniprat.org/uniprotL1J207|. Espedially pg 1-3. [ —
18, 21
A —| GenBank Accession KKF992074. Synthatic construct PsChR1t gane (online) 29 January 2014 16, 21

[retrievad 4 Jung 2016). Avallable on the Internet: <URL;
hitp:www.ncbi.nim.nih.govinuccorel/KF992074>. Espacially pg 1-2,

AP | Govorunova et af. Natural light-gated anion channals: A famlly of microblal rhodopsing for 1-4, 10, 11, 20, 22
advanced eptogenatics. Sciance 07 August 2015 Vol 349 No 6248 Pages 647-650. entire
article,

AP

-| GenBank Accession KP171708.1. Synthetic construct ACR1 gene, partial cds. (online) 01 July | 186, 21
2015 [ratrievad 04 Juns 2016] Available on the internet: <URL:
hitp:/fwsww.nebi.nim.nih.gevinuccora/KP171708>, Especially pg 1-2.

l:] Further documents are listed in the continuation of Box C. D
*  Special categories of cited documents: “T" later document published after the internationat filing date or priority
“A"  document defining the general state of the art which is not considered date and not in conflict with the application but cited to ynderstand
to be of particular relevance the principle or theory underlymg the invention
“E" eprlier BPPllWlOH or patent but published on or after the inernational <X document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
oL dozgmem wléllchhmg thrgrv duubtﬁ an prrwntyhclmm(s) or whlc}‘]w step when the document is taken alone
cited to establish the publication date of ancther cilation or other wym  goo oo oF
particular relevance; the claimed invention cannot be
special rezson (as specified) i L considered to involve an inventive step when the document is
“0" document referring to an oral disclosure, use, exhibition or other combined with one or more ather such decuments, such combination
means being obvious 1o a person skilled in the art

“P"  document published prior to the international filing date but later than  «g.» i
the pri nn;‘ém claimed & &" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the intemational search report
01 August 2016 {01.08.2016) 2 2 A U G 20“6

Name and mailing address of the [SA/US Authorized cfficer:

Mall Stop PCT, Attn: ISA/US, Commissioner for Patents Les W, Young

P.C. Box 1450, Alexandria, Virginla 22313-1450 PCT Hetpdask: 5712724200

Facsimile No.  571-273-8300 PCT OSF; 5T1-272-7774
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Box No. T Nucleotide and/or amino acid sequence(s) (Continuation of item 1.¢ of the first sheet)

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the intemational search was
carried out ¢n the basis of 4 sequence listing:

a. forming part of the international application as filed:
[ X] in the form of an Annex C/ST.25 text file,
D on paper or in the form of an image file,

b. furnished together with the intemational application under PCT Rule §3z¢r. 1(a} for the purposes of international search
only in the form of an Annex C/ST.25 text file.

c. D fumished subsequent to the intemational filing date for the purposes of intemational search only:
[[] inthe form of an Annex C/ST.25 text file (Rule 137er.1(a)).
|:| on paper or in the form of an image file (Rule 13/er. (b} and Administrative Instructions, Section 713).

2. D In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in (he subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.

3. Additional comments:
GenCore ver8.4.1 SEQ IDNOs: 1,2

Form PCT/SA/2 10 (continuativn of fust sheet (1)) {January 2015)
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Box No. 11 Ohservations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This intemational scarch report has not been established in respect of certain claims under Article 17(2){a} for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningfisl international search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This Intemational Searching Authority tound multiple inventions in this international application, as follows:
-—Geg to Extra Sheet for continuation-—-----

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I:l As all searchable claims could be searched withoul effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this intemmational search report covers
only those claims for which fees were paid, specifically claims Nos.:

£

. No required additional search fees were timely paid by the applicant. Consequently, this international search report is

restricted to the invention first mentioned in the claims; it {s covered by claims Nos.:
14, 10,11, 16, 20-22, limited to SEQ I NOs: 1-2 and human host call

Remark on Protest I:] The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

I:l The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2815)
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--==-gontinued from Box I {Lack of Unity of Invention)..——-—

This application containg the following Inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to bs examinad, the apprapriate additional examination fees must ba paid.

Group I+: Claims 1-11, 18, 20-22, 26-40, drawn 10 a compositlon comprising an isolated nucleic acid moleculs comprising a sequence
ancoding an anion conducting channeirhodopsin that may be linked to a heterclogous promoter sequence.

The nuclelc acld composition or peptide encoded by the nucleic acid will be searched to the extent that the peplide encodes an amine
acid sequence with at least 85% sequenca identity te the first named sequence SEQ IO NO: 1 (daim 1) or the nuclectide enceding said
peptide saquance, SEQ 1D NO: 2 (¢laim 1), and the first named recombinant host ¢ell, an isolated hurnan ¢ell (claim 3}, It is believed that
claims 1-4, 10, 11, 16, 20-22 read on this first named invention and thus these claims will be searched without fae 10 the extant that they
encompass SEQ 1D NOs: 1-2; and an isotated human cell. Additional nucleic acids and amino acid sequances of a channalrhodopsin
exprassad in a salectad host cell will be searched upen payment of additional feas [see instant Specification para [0041-0084] for the
description of sequences]. Applicant must specify the claims that encompass any additional elected nucleic acids, peptides, and host
cslis . Applicants must further indicate, if applicable. the claims which read on the first namad invention if different than what was
indicated abave for this group. Failure to clearly identify how any paid additional invention fees are to ba applied to the "+" group(s) will
result in only the first ¢laimed invention to be searchedfaxamined. An exermplary glection would be: nuclelc acid sequance SEQ ID NO:
22 (encodes Masostigma virlde channelrhadopsin 1 ((MvChRA1)) in an isclatad human host cell (claims 26-33, 39, 40},

Grougp Il: Claims 12-15, 17-19, 23-25, 41-56, drawn to a method of membrana hyperpolarization or neuronal silancing.

The inventions listed as Groups I+ and Il do not refate to a single genaral inventive concept under PCT Rule 13.1 becauss, undar PCT
Rule 13.2, they lack the same or corresponding special technical features for the following reasons:

Spacial Technical Features:

Group I+ has the special technical feature of a compaosition comprising a nucleic acid or peptide encoded by said nucleic acld encoding
an anlenle channelthodopsin, not required by Group 1.

Group 1l has tha spacial technical feature of specific method steps to cause membrane hyperpolarization or neuronal silencing in a cell
or a cell of a subjact, not required by Group I+.

Among the inventions listed as Groups [+ is the speciflc nucleic atid and amino acid sequences, and recombinant host call, recited
therein, Each of the inventions of Greup |+ requires a uniqua nucleic acid and amino acid sequencaes and host cell, not required by the
othar invantinns.

Common Tachnical Featura:

Groups I+ and Il share the common technical feature of a polynuclectide that encodes an amino acid sequence of a rhodopsin domain
of an: anion-conducting channelrhedopsin linked to a hetsrologous promeoter saquence and expressed in a hest cell,

Hewavar, said common tachnical feature does net represent a contribution gver the prior art, and is obvious the publisation fitled
"Struclure-guided transformation of ch Irhedopsin into a light-activated chloride channel* by BERNDT et al. (hereinafter “Berndt™)
[published 25 April 2014 in Science Vol 344 No 65182 Pages 420-424, with online supplemental material available at

www, sciencemag.arg/content/344/6182/420/supplDC1), in view of Accession L1J207 by Uniprok (hereinafter "Uniprot™) (online) &6 March
2013 [retriaved 30 May 2015] [Availabla on tha internet: http:/Awww.uniprot.org/uniprot/_1J207).

As to the common technical feature and claim 1, Berndt teaches a polynuclsotida that encodes an amino acid sequence at least 80%
identicat to a rhodopsin domain of an anion-conducting channelrhodopsin expressibie In sald cell using a Heterologous promater
sequence (abstract; we designed and characterized a class of channelrhodopsins {originally cation-conducting) converted into chloride-
conducting anlen channals. These icols enable fast optical inhibition of actlon potentials and can be engineered to display step-function
kinatlcs for stable inhibition, outlasting light pulses and for orders-of-magnitude-graatar light sengitivity of inhibited cells; Supplementary
Material and Methods, pg 2, para 2, Polnt mutagenesis of C1C2..,. Wa used AAV vectors bBaring the CaMKIl alpha promoter for protein
axpression in neurons, and a pcDNA3.1 vector bearing tha CMV promoter for expression in HEK cells"). In addition, Uniprot entry
L1J207 (harelnaﬂer 'L1J207) {08 March 2013} [retrieved on 30 May 2016 from hitp:/www.uniprot.org/uniprot/l 1J207) teaches a

rh tide sequence (pg 1; "the ion-translocating microbial rhodopsin {mr) family") having 100% sequence Identity with
instant SEQ ID NO 1 (pg 2-3; AA 1205 100% sequence idantity).

As the commen technical features wera known in the art at the time of the invention, they cannot ba considerad common special
technical features that would otherwise unlfy the groups. The inventions lack unity with one another.

Therefore, Groups I+ and il lack unity of invention under PCT Rule 13 because they do not share a same or corresponding special
tachnival fealure.

Note concerning claim 15: Claim 15 is interpreted to depend from 12, not clam 11 as written, because claim 11 is a dependant
compaosition claim,

Mote conceming claim 21: Claim 21, a compasitlon claim, is written to depend frem method claim 19, and is more apprepriately
depandent on composition claim 20, and is interpretad as such.

Note concemning claim 22: Claim 22, a composition claim, is written to depend from method claim 19, and is mora appropriately
dependent on composition claim 20, and is interpreted as such.

Form PCT/AISA{210 (extra sheet) (January 2015)
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