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INTERNATIONAL SEARCH REPORT Intermmational app]ir.'.alion No,

PCTIUS 20/53714

A. CLASSIFICATION OF SUBJECT MATTER
IPC-  AB1K 39/12, CO7K 14/005, AB1K 38/16, C12N 15/33 (2021.01)

CPC - CO7K 1610, AG1K 3812, AB1K 38/215, AG1P 31/12, CO7K 14/005, A6 1K 2038/555, GOIN
2333/165

According to International Patent Classification (IPC) or (o both national classification and IPC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classifigation symbols)
See Search History document

Documentation searched other than minimum dosumentation to the extent that such documents ar¢ in¢luded in the fields searched
See Search History document

Electronic data base consulted during the international search (name of data base and, where practicabls, scarch terms used)
Sae Search Histary document

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X WO 2018/081318 At (THE UNITED STATE OF AMERICA, AS REPRESENTED BY THE 1,10, 14-16
- SECRETARY, DEPARTMENT OF HEALTH AND HUMAN SERVICES et al.) 03 May 2018 -
Y {03.05.2018) pg 2, In 7-37; pa 3, In 5-6; pg 12, In 19-23; pg 13, In 28-34; pg 15, In 26-31; pg 17, 12,1718
- In 28-31; pg 1%, In 3-5; pg 32, In 16-23; Clalms 35-36 -
A 39, 11-13, 18
Y WO 2005/063801 A2 (UNIVERSITEIT UTRECHT HOLDING B.V. st al.} 14 July 2005 2

{14.07.2005) abstract; pg 34, in 3-8

Formation in Polypeptide Chains. Journal of the American Chemical Society, 16 March 2005,
Val. 127, No. 10, pages 3346-3352; espacially abstract

PX ~== | HE et al. Self-assembling nanaparticles presenting receptor binding domain and stabilized spike  1-19
as next-gencration COVID-19 vaccines. BloRxlv. 14 September 2020, article
2020.09.14.296715, pg 1-69, Entire document

Y US 2020/0009244 At {THE SCRIPPS RESEARCH INSTITUTE) 9 January 2020 (09.01.2020); {17
especially abstract; para [0007]-[0009]
Y — {LV et al. Crogs-reactive Antibody Response between SARS-CoV-2 and SARS-CoV infections, {18
- Cell reports. 2 June 2020, Epub 18 May 2020 (18.05.2020}, Vol. 31, No 9, article 107725, (pp 1 |-
A -14). Especially pg e2, para 8 3-9, 113,18 -
A ~ |KRIEGER et al. Effact of Prolina and Glycine Residues on Dynamics and Barrlers of Loop 39, 1113, 18

D Further doouments are listed in the continuation of Box C. D See patent family annex.
*  Special categories of cited documents: “T*  later dogument published after the international filing date ordpriority
“A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
“D"  document cited by the applicant in the intemationa] application " dncurg:r;td of particular relgéa.noc; tdhe ra]aimed gnwnliorl cannot be
g i icati i i f considered novel or cannot be considered to involve an inventive step
E leiill::l::rd aa[t)é:llcalmn or patent but published on or after the international when the docurent is 1aken alone
“L" document which may throw doubts en priority claims) or which “¥" document of particular relevance; the claimed inventicn cannot
is cited to establish the publication date of another citation or other be considered to involve an inventive step when the document is
spacial reason {as specified) combined with ane or more other such documents, such combination

“O"  document referring to an oral disclosure, use, exhibition orother means being obvious 1o a person skilled in the art

“P"  documen! published prior 10 the international filing date but tater than “&” document member of the same patent family
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
20 January 2020 {20.01.2020) 25 FEB 200

Name and mailing address of the 1SA/US Aauthorized officer

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Lee Young

P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300 Telephone No. PCT Helpdesk: 571-272-4300

Form PCT/ISA/Z L0 (szcond sheet) (Jaly 2019}
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INTERNATIONAL SEARCH REFORT International application No.
PCTIUS 20/53714
Box No. [ Nucleotide and/or amino acid sequence{s) (Continuation of item 1.c of the first sheet}

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the intemnational search was
carried out on the basis of a sequence tisting:

a. forming part of the international application as filed:

in the form of an Annex C/ST.25 text file.
D on paper or in the form of an image file.

b. D furnished together with the international application under PCT Rule 13fer: 1{a) for the purposes of international search
only in the form of an Annex C/ST.25 text file.

c. D furmished subsequent to the international filing date for the purposes of international search only:
|:| in the form of an Annex C/ST.25 text file (Rule 13sex 1(a)).
|:I on paper or in the form of an image file (Rule 134¢r.1(b} and Administrative [nstructions, Section 713},

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

3. Additional comments:

Form PCT/ISA/210 (continuation of first sheet (1)} (July 2019}
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INTERNATIONAL SEARCH REPORT International application No.

PCTAJS 20153714

Box No.II  Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

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

1 El Claims Nos.:

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

2, I:l 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 meaningful international search can be carried out, specifically:

3. I:l Claims Nos.:
b they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4{a).

Box No, III  Obscrvations where unity of invention is lacking (Ceontinuation of item 3 of first sheet}

This International Searching Authority found multiple inventions in this international application, as follows:
This application contains the following inventions or groups of inventions which are not so linked as to form a singls general inventive
concept under PCT Rule 13.1. In order for all inventions to be ssarched, the appropriate additional search fees must be paid.

See Supplemental Page

claims.

2, |:| As a1l searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

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

Y

X No required additional search fees were timely paid by the applicant. Consequently, this interaational scarch report is restricted
to the invention fiest mentioned in the claims; it is covered by claims Nos.:
1-18 limited to K986G/NVIB7G and SEQ 10 NOs: 26 and 32

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

D . The additional search fees were accompanied by the applicant’s protest but the applicable protest
fes was not paid within the time limit specified in the invitation,

D No protest accompanied the payment of additional search fees.

1. I:l As all required additional search fees were timely paid by the applicant, this intemnational search report covers all searchable

Form PCT/1SA/210 (continuation of first sheet {2)} (July 2019)
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INTERNATIONAL SEARCH REPORT

Information en patent family members Intarnational application No.

PCTS 20453714

Continued fram Box No. HI Observations whare unity of invention is lacking

Groups I+: Claims 1-25, drawn 10 an engineered immunogen polypeptide detived from the spike (S) protein of a coronavirus. The
compasition will be searched to the extent that the spike (3) protain of a coronavirus encompasses mutations K985G/V087G, the
timenization motif SEQ 1D NO: 25, spike polypeptide SEQ ID NO: 32. Itis befieved thet claims 1-19 encompass this first named
invention, and thus these ¢laims will be searched without fee to the extent that they encompass KB36G/\VI87G and SEQ ID NOs: 26 and
32. Additlonal engineerad immunagen pelypaptide(s} will be searched upon the payment of additional fees. Applicants must speclfy the
clalms that encompass any additionally slacted anginesred immunogen polypeptide(s). Applicants must further indicate, if applicable,
the clalms which encompass tha first named invention, if different than what was indicated abova for this group. Failure to clearly identify
how any paid additional invention fees are to be applied to the "+* group(s) will result in only the first claimed invention to be searched.
An exemplary electien would be an engineered immunogen polypeplide comprising spike protein SEG ID NO: 33, nanoparticle SEQ ID
NQ: 23, locking domain SEQ 1D NQ: 29 and the immunagen palypeptide SEQ ID NQ: 38 {Claims 1-25),

The inventions listed as Groups |+ do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they tack the same or corresponding special technical featuras for the following reasons:

No technical features are shared betwaen the amino acid sequences of Groups |+ and, accordingly, these groups lack unity a priori.

Additionally, even If Groups 1+ were considerad to share the technical features of including: an engineered immunogen polypeptide
derived from the spike (S} protein of a coronavirus, these shared technical featurss are praviously disclosed by WO 2018/081318 Al 1o
The United State of America, as Representad by the Secretary, Department of Haalth and Human Services et al. (hereinafter "HHS"}).

HHS discloses (instant clalm 1) an engineered immunogen polypeptide derived from the spike (S) protein of a coranavirus (pg 2, In 7-10
-"In some emboadiments, an immunogen Is provided that comprises a recombinant alphacoronavirus or betacaranavirus S eclodomain
trimer comprising profomers comprising one or two proline substitutions at or near a junction between a heptad repeat 1 (HRt) and a
central helix that stabilize the S ectodomain trimer in a prefusion canformation.”), comprising an altered soluble S sequence that has
modifications relative to wildtype soluble S seq of the drus that stabilize the prefusion S structure, wherein the
modHications comprisa (a) a mutation that inactivates tha S1/52 cleavage site {pg 2, In 33-37 - "In some embodiments, the protomers of
the recombinant alphacoronavirus or betacoronavirus S ectodomain trimer further comprise one or more additional amino acid
substitutions or deletions, such as amino acld substitutions that stabilize the recombinant alphacoronavirus or betacoronavirus S
ectodomain trimer in the prefusion conformatian, or amino acid substitutions to inhibit or prevent protease cleavage at a $1/52 protease
cleavage site andior a 52 proteass cleave site of the 5 actedemaln,”}, and (b} a mutation in the turn region between the heptad rapaat 1
[HR1) region and the cantral helix (CH) region {pg 2, In 7-10 - "In some embodiments, an immunogen is provided that comprises 2
recombinant alphacoranavirus or batacoronavirus S ectodomaln trimer comprising protomers comprising one or two praling substitutions
al or near a junction between a heptad repeat 1 (HR1) and a central helix that stabilize the S ectodomain trimer in a prafusion
conformation.”} that prevents HR1 and CH to form a straight helix during fuslon {pg 2, In 7-11 - "In some emboedimants, an immunogen Is
provided that comprises a recombinant alphacoranavirus or betacoronavims § sctodomain trimer comptising protomers comprising ane
or two proline substitutions at or near a junction batween a heptad repeat 1 (HR 1) and a central helix that stabilize the S ectodomain
timer in a prefusion conformation.”; pg 19, In 3-5 - "The proline substitutions inhibit a conformational change in the S protein from the
prefusion conformation to the postfusion conformation, and therefare stabilize the S ectodomain trimer in the prefusion conformation.”;
Note, stabilization of the prefusion struoture prevents formation of a straight helix as defined by the instant application, see para [0005]).

HHS discloses (instant clalm 8) a frimerization motif (pg 18 - “In some embodiments, the recambinant MERS-Col S ectodomain trimer
stabilized in the prefusion canformation comprises protomers of single-chain § ectodomains comprising mutations to the 51/52 and/or
$2 protoasa cleavage sites (o prevent protease cleavage at those sites.”; pg 17, In 8-11 - “A recombinant coronavirus 8 ectodomain
Including Lthe coronavirus S1 and S2 proteins in a single contiguous polypeptide ¢hain. Single chaln coronavirus S ectodomain can
trimerize to form a coronavirus S ecledomain timer.”).

HHS discioses (instant clalm 14) a coronavirus vaceing composition (pg 48, In 30-32 - "In some embodiments, the coronavirus 5
ectodomain trimer can ba membrane anchored, for example, for embodiments where the coronavirus § ectodomain trimer is expressed
on an attenuated viral vaccine, or a virus like particle.”), comprising the immunogen polypeptide of claim 1 that is displayed on the
surface of a self-assembling nanoparticle {pg 52, In 27 - pg §3, In 3 - "In some embodiments, a protomer of a disclosed recombinant
coronavirus S ectodomain timer {e.g., a MERS-CoV S ectodomaln trimer or a SARS-CoV S ectodomain trimer) can be linked to an
encapsulin nanoparticle subunit to construct an encapsulin nanoparticle. ... Following production, the menomeric subunits self-assemble
inta the globular encapsuiin assembly including 60, or in some cases, 180 mongmeric subunits.”).

As said technical features were known in the art at the time of the invention, these cannot be considered speclal technical features that
would otherwise unify the groups.

Groups |+ therafare lack unity under PCT Rule 13 because they do not share a same or coresponding special technical feature.

Form PCT/ISA/210) (patent family annex) (July 2019}
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