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International application No,
PCTIUS2015/022780

INTERNATIONAL SEARCH REPORT

AL CLASSIFICATION OF SUBJECT MATTER
IPC(8) - GO6F 19/16 {2015.01) ’
-CPC - GOD&F 19/16 (2015.07)
According to International Patent Classification (IPC) or to both natignal classification and IPC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC(B) - CO7K 1/14; C12ZN 15/00; GO1N 33/48, 33/50; GOBF 17/50, 19/00, 19/16 {2015.01)
CPC - COTK 1/145; GO6F 19/16, 19/18 (2015.07) }

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
GPC - CO7K 1/145; GOGF 19/16, 18/18 (2015.07) (keyword delimited) .
USPC - 435/18, 29; 530/300, 350; 70219 . -

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

PatBase, Google Patents, PubMed

Search terms used: transmembrane water soluble hydrophobic hydrophillic computational

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriale, of the relevant passages Relevant to ¢laim No.
X U5 2004/0215400 A1 {SLOVIC et al) 28 Octeber 2004 (28.10.2004) entire document 1,34
Y ' 2
1Y £PEREZ-AGUILAR et al. "A Computationally Designed Water-Soluble Variant of a |2
1 G-Protein-Coupled Recaptor: The Human Mu Opioid Receptor,” PLoS One, 14 June 2013
{14.06.2013), Vdl. B, No. 6, 86809, Pgs. 1-10. entire document )
A ZHANG et al. "Exparimental and Computational Evaluation of Forces Diracting the Assoclation 14, 23-25
of Transmambrana Helices,” Joumnal of the American Chemical Society, 24 July 2009
{24.07.2009), Vol. 131, Pgs. 11341-11343. entire document
A WO 2012/116203 A1 (MASSACHUSETTS INSTITUTE OF TECHNOLOGY et al) 30 August 1-4, 23-25
2012 (30.08.2012) entire document * :
A US 201310273585 A1 (BANGAGEN, INC) 17 October 2013 (17.10.2013) entire document 14, 23-25
P. X ZHANG st al. "The Membrane- and Soluble-Protein Helix-Helix Interactome: Similar Geometry | 1,3, 4
!| via Different Interactions," Structure, 03 March 2015 (03.03.2015), Vol. 23, Pgs. 527-541 and
Supplemental Information. antire document .

O

D Further documents are listed in the continuation of Box C.

the priority date claimed

*  Special catogorics of eited documents; “T"  later documeni published after the international filing date of priority
“A™ document defining the general state of the art which is no1 considered . date and not in conflict with the a;mequlon but cited 10 understand
to be of particular relevance the principle or theory underlying the invention
“E" earlier application or patet bul published on or after the international X} doeument of parficulnr relevance; the clrimed invention canhot be
filing date considered novel or cannot be considered. to involve an inventive
“L” document wlailchhmﬁy 1hrglv_v |it_:ul-n.:§| on pT:orily |::Iaim(s) or whiclil;’I is step when the document is taken alone
ciied \o establish (he publication date of another citation of OMEr wyw  gocument of particular relevance; the claimed irvention cannot be
_ special reason (as specified) e considered lopaigvolve an invenlive step when the document is
“0" document seferring \o an’ oral disclosure, use, exhibition or other combined with ane or more other such documents, such combination
means. E . being cbvious o a person skilled in the an
“P" 4 blished prior to the i ional filing date bul later than  «g»  document member of the same patent family”

Date of the actual completion of (he international search

30 July 2015

Date of mailing of the international search report

17AU6 2015

Name and mailing address of the ISA/US

Mail Stop PCT. Attn; ISAAJS, Commissioner for Patents
P.0O. Bax 1450, Alexandria, Virginia 22313-1450
Facsimile No.

571-273-8300

Authorized ofTicer:

Blaine R. Copanhaaver

PCT Helpdask; 571-272-4300
PCT OSP: 571-272-1774
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Specifically, WO 2012/116203 A1 to Massachusetts Institute of Technology at al. discloses a protain (water-soluble membrane protains,
Abstract), CXCR4 {in another embodiment of the invertion relates to the treatment of a disease or disorder involving CXCR4-dependent
chemotaxis, Pg. 11, Lng. 19-20; Human CXCR4 and our CXCR4 QTY protains obtained from cell-free production, Pg. 17, Ln. 20}, and
(1) identifying a first transmembrane region alpha-helical structure of a native transmambrana protein (Determine secondary structure -
using circular dichroism. We can use circular dichroism (CD) spaciral analysis to measure the secondary structures of the purified
receptors. CD is a very sensitiva technique that is be able to detect any small structural changes betwaen the nafiva and mutant
receptors, Pg. 18, Lns. 13-15; Usa the QTY (Glutamine, threonine and tyresine) raplacement methed to systematically change the
T-transmembrane a-helix, Pg. 14, Lns. 1.2). -

Further, US 2004/0215400 A1 to Skovic et al. disdoses (1) identifying a first transmembrane region by predicting an alpha-halical
structure of a native transmembrana protein {In accordance with the invention, a computational process for the water solubilization of
mermbrane proteins involvas |} defining or predicting the backbone structure of a membrane protein, Para. [0004]; a fully automated
computational approach la diselosed for water-solubilizing membrane proteins, which are generally applicable to a variety of alpha
halical membrane proteins, Para. [0052]); (2) medifying a plurality of hydrophobic amino acids selected to be phenylalanine (F) with a
nan-ionic polar amino acld selected to be ¥ (lipid exposad resldues...could be mutated without disturbing the structural integrity of the
bundie. Thesa residues showed minimal contact with neighbaring helices. The sequence design bagan by choosing Tyr (Y)asa
replacemant for Pha 32 {F), Para, [0058]; and tha dacreasa...largely results from the mutation of expased hydraphobic residuss to more
hydrephilic amine acids, Para. [0112]), to obtain @ modified first transmembrane sequence (mutating the transmembrane proteins, native
residues or side chalns can be raplaced by beth naturally oceurring and non-naturally occurting residues or side chains., Para. [D058]);
{3} scoring the propensity of the alpha-helical structure of the first modified transmembrane sequence of (2) to arive at a structure score
(transmembrane domaln was considered in the calculation. The top scoring sequence was built onto the backbane structure and
analyzed, Para, [0089]; the prosess of watar-solubilization of certain membrane-spanning helices will not alter their global proparties and
structure, Para. [0078]; this tarm was applied such that amino acids with higher alpha-helical propensity should contribute favorably to
the energy term, Para. [0081]); {4) scoring the water solubility prediction of the first modified transmembrane sequence of (2) 1 artive at
a solubility scora (The energy function used to score sequances is described below and was chosen to optimize both intra- and :
inter-halical interacions, as well as produce a, Para. [0058); paramater was set to a value of 0. 0. This has the elfect of prevanting all
sequences with a higher hydrophobicity score than the COMP sequence from appeading in the optimal sequence set, Para. [0085]); (5}
repeating steps (2) through (4) to arrive at a first library of putative water soluble first medifled transmembrane variants (The sequenca
was optimized using a Monte-Carle/simulation annealing algerithm run from 700° K to 10 K with linsar decrements over 700000 steps.
This process was repeated 500 times and the sequences wera then ranked and analyzed, Para. [0089]); (6} comparing the structure
scores and solubility scores of each pulstive water soluble first modified transmembrane variants in the firat library and (the simplifisd
residue-based pair-wise potential evaluation comprises scaring energles based on a net charge of amino acid side chains and a
distance between C-oeta atoms of the amine acid side chains, Claim 15; The resulting sequencs was compared to 47 alighed K —
channel saquences, Para, [0127]); {7) selecting a plurality of putative water soluble first medified transmembrane variants to arrive at a
sacond library of putative water sotuble first modified transmembrane variants (A unique sequence was selected from the computed
protabilities using recursive calculations. The set of 35 exposed residues was initially targeted for variation, Para. [0127]; The degigned
watsr soluble variants of tKcsA are refered to as WSK-1, WSK-2, and WSK-3, Para. [0108)); (B) repeating stops (1) through (7) fora ~
second, third, fourth, fifth, sixth, seventh tranemembrane region of the protein (produce a water-soluble variant of PLB, the
transmembrane lipid-exposed residues have bean computationally mutatad from native, hydrophoblc, amino acids to polar amino acids.
In the absance of a 3-dimensional structure of the PLB pentamer, indirect methods wers used to infer which of the ransmembrane
rasidues are Iipid exposed, Para. [0074]; The sequence was optimized using a Monte-Carlo simulation annealing algodthm... This
process was repeated, Para. [0088]); (9) identifying the amino acid sequences of the protein which are not included in any
transmembrane region modified in steps {1) through (8}, and Including eny extracellular or Intracallular domain of the protein (Tha side
chalns of the transmembrane hellces of tKcsA were stripped o the backbone, and then rebuilt In accordance with the requirements for
function, stability, and watar-solubility. The pore;lining residues, the extracellular loaps, the Intracellular region, and the residues required
for binding to AGTx ware retalnad, Para. [0123]); and (10} identifying a nucleic acid sequence for each putative water soluble modifled
transmembrane variant and sach amino acid sequence identified in step (9) (The racembinant tachniques Include synthesizing a geane
encoding for the in-silica designed water soluble transmambrane pratein, cloning the gene and introducing the gene inta a host cell.
Para. [0145]; daveloped for identifying amino acld probabilities froin a given backbona structure, Para. (0141]). It would have baen
obvious 10 one of ordinary skill in the art at the time of Invention to modify the. method-of Massachusetts Institute of Technology to
include the method as taught by Slovic. The motivation would have been lo predict the backbone structure of a membrane protein by
using computational methods to define a sat of mutations that will confar watar solubility en the structura whiile retaining lts uniquely
folded structure (Slovic, Para, [0004]). . ’

The invantions listed in Groups 1+ therafore lack unity under Rule 13 because they do not share a aame or corresponding special
tachnical faatures.

Form PCTASA2I0 (extra sheet) (July 2009)
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This application contains the following inventions or groups of inventions which are not 8o linked as to form a éingle general inventive
concapt under PCT Rule 13,1, In order for all inventions ta be examined, the appropriate additional examination fees need to be paid.

Growp I+; cfaims 1-4, 19, 23-25, 33-35, 4345, 53-55, 82-64, 72, and 73 are drawn to a water soluble transmembrane protein and a
process of designing the sama.

The first invention of Group H is restricled to a water soluble transmembrane proteln, and a process for dasigning the same, wherein the
water soluble ransmembrane protein comprises extraceltular and intracellular regions and eight transmembrane domain variants,
whersin the first extracellular domain (EC1) is selected to ba SEQ D NO:3; the first transmembrane domain variant (TM1) is selected to
ba SEQ ID NO:4; the first intraceltular region (IC1) is selected to be SEQ 1D ND:12; the second transmembrane dormain variant (TM2) is
selected to be SEQ ID NO:13; the secand extracellular domain (EC2} is selectad to be SEQ ID NO:21; the third transmembrane domain
variant (TM3) is selectad to be SEQ 1D NO: 22; the second intracellular region {IC2) is selacted to be SEQ ID NO:30; tha fourth
transmembrane domain variant (TM4) is selectad tc ba SEQ ID NO:31; the third extracellular domain (EC3) is selectad to be SEQ ID
N(:39; the fifth transmembrana domaln variant {TM5) is selected to be SEQ 1D NC:40; tha third intracellular region {IC3) is selacted to
be SEQID NO:48; the sixth transmembrane domain variant (TMB) is selacted to ba SEQ 1D NO:49; the fourth exiracellular domain
(EC4) is selacted to be SEQ ID NO:57; the seventh transmembrane domain variant (TM7} is selected to be SEQ 10 NO:&8: and the
fourth intracellular region (I1C4) is selected to be SEQ ID NO:65. it:is believed thet claims 1-4 and 23-25 read on this first named
invention and thus these claims will be aaarched withiout fae to the'axtent that they read on a water soluble transmembrane protein
comprising SEQ ID NOs: 3, 4, 12, 13, 21, 22, 30, 31, 39, 40, 48, 49, 57, 58, and 68,

Applicant is invited to elect additional extracellular regions with coresponding SEQ ID NO and/or intracellular regions with corresponding
SEQ ID NO and/or transmembrane domain variants with coresponding SEQ ID NO for each water soluble transmembrane protein 1o be
searched in a specific combination by paying additional fee for each set of election. An axemplary election would be a waler soluble
transmembrane protein, and a process for deslgning the same, whereln the water soluble wansmembrane protein comprses
extracellular and intracellular regions and elght transmembrane domain variants, wharein the first extracellular domain (ECI) is selected
to be SEQ ID NO:3; the first transmembrane domain variant (TM1} is selected to be SEQ IO NO:&; tha first intracellular region (IC1}is
selected to ba SEQ 1D NO:12; the sacond fransmembrane domain variant (TM2) is'selected to be SEQ 1D NG:14; the second
extracellular domain (EC2} is setected to be SEQ ID NO:21; the third transmembrane domain variant {TM3) is selected to be SEQ ID
NO:23; the second intracellutar reglon (IC2) is selected to be SEQ 1D NO:30; the fourth transmembrane domain varlant {TM4) Is :
gelected to be SEQ ID NO:32; the third extracaltular domain (EC3) is selected to ba SEQ ID NO:38; tha fifth transmembrang domain
variant (TM5) is selactad to be SEQ 1D NO:41; the third intracellular regien (IC3) is selacted te be SEQ ID NO:48B; the sixth
transmembrane domain variant (TM6) is selected to be SEQ ID NO:50; the fourth extracellular domain (EC4) is setected to be SEQ ID
NQC:57; the seventh transmembrane domain variant (TM7) is selected to be SEQ ID NO:59; and the fourth intracellular region (1C4) is
selected o be SEQ ID NQ:65. Additional extracellular ragitns with corresponding SEQ ID NQ andier intracellular reglons with
camesponding SEQ ID NO and/or transmembrane domain variants with comesponding SEQ 1D NG for each watar soluble
transmembrane protein will be searched upen the payment of additional fees. Applicants must spacify the claims that read on any
additional stected inventions. Applicants must further indicate, if applicable, the claims which read on the first named invention if
different than what was indicated above for this group. Failure to cleary identify how any paid additional invention fees are to be appliad
to the “+” group{s} will result in anly the first claimed invention to be searched/examined.

The invantions listed in Groups |+ de not relate to a single gensral Inventive concapt under PCT Rule 13.1, because under PCT Rule
13.2 they iack the sama or comesponding special technical features for the following reasons:

The Groups I+ formulas do not shara a significant structural element, requiring the selection of alternatives for the extracellular regions,
intracallular regions, and the transmembrane demain variants for sach water soluble transmembrane protein, “comprising ona or mora
amino acid sequences selected from the group consisting of SEQ'ID NOS 4-11, 13-20, 22-29, 31.38, 40-47, 49-56, 'and 58-64" and
“comprising one or mere amino acid sequences salected from the group oonsmlmg of SEQ 1D NOs: 69-76, 78-85, 87, 89-06, 98-105,
107-114 and 116-123" and “comprising one or more amino acid sequsnoes selected from the group consisting of SEQ ID NOs: 128-135,
137-144, 146-153, 155-162, 164-171, 173 and 175-152." :

The Groups |+ share the technical features of a protein, CXCR4, and (1) identifying a first transmembrana region by pradicting an
alpha-helical structure of a native transmembrana protein; (2) modifying a plurality of hydrophobic amino acids selacted for the group
consisting of Leucine (L}, isoleucina (1), valine (V). and phenylalanine {F) with a non-ionic polar amino acid selected from the group
consisting of Q (or altsmativaly, N or S), T (or altematively, N or 5}, T (or altematively, N or S) and Y, respectivaly, to obtain & modified
first transmembrane sequence; (3) scoring the propensity of the alpha-hslical structure of the first modifiad transmembrane sequenca of
(2) to amrive at a structure score; (4) scoring the water solublllty pradiction of the first medified transmembrane sequence of (2} te arrive
at a solubility score; (5) repeating steps (2) through (4) 1o anive at a first library of putative water soluble first modified fransmembrane
variants; (8} comparing the structure scores and solubility scores of each putative water soluble first modified transmembrane variants in
the first library and; {7) selecting a plurality of putative water soluble first modified fransmembrane variants to arive at asacond library of
putative water soluble first modified transmembrane variants: (8) repeahng steps {1) through (7} for a second, third, fourth, fifth, sixth,
saventh transmembrans region of the protein; {9} identifying the amino acid sequences of the protein which are not included in any
transmembrane region madifled in steps (1) through {B), and including any extracellular or intracellular domain of the protein; and (10)
identifying & nuclei¢ acld sequance for each putative water solubte modified transmembrane variant and each amino acid sequence
identified in step (9). However, these shared technical features do not represent a contribution over the prior art.

Form PCT/1SA/210 {extra sheet) (fuly 2009)
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Box No. 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:

D Claims Nos.:

because they relate 1o subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the intérational application that do net comply with the preseribed requirements to such an
extent that no meaningful international search can be camied out, specifically:

3 E Claims Nos.: §-18, 20.22, 26-32, 36-42, 46-52, 56-61, 65-71, 74-77
because they are dcpendem claims and are not drafled in accordance with the second am:l third sentences of Rule 6.4{n}.

Box No. 111 Observations where unity of invention I_s lacking (Contmuauon of item 3 of first she:t)

This International Searching Authotity found multiple inventions in this international application, as follows:

See Exira Shests.

1. l:l As all required additional search fees were mnely paid by the applicant, this international search Teport covers all searchable
claims.

Z. D As all searchable claims could be scarched without effort justifyiﬁg additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the requ:red additional search fees were timely paid by the applicant, this international search report covers
only thase claims for which fees were paid, specifically claims Nos.:

4, g MNa required additional scarch fees werg llmcly paid by the applicant. Consequently, this international search report is
restricied o the invention first mentioned in the claims; il is covercd by claims Nos..

1-4 and 23-25 will ba searched 1o the extent that they read oni a water soluble transmembrane protein comprising SEQ ID NOs:
3,4,12, 13, 21, 22, 30, 31, 39, 40, 48, 49, 57, 58, and 65,

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

D ‘The addiliona] search fees were accompamed by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invilation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2009)
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Box No. 1V Text of the abstract (Continuation of item 5 of the first sheet)

The present invention is directed to water-soluble membrane proteins, methods for the preparation thereof and methods of use thereof.
In particulae, the method relates to a process for designing a library of water soluble membrane peptidas, such as GPCR variants and
tetraspanin membrane proteins, using the "QTY Principle,” changing the water-insoluble amino acids (Leu, lle, Val, and Phe) into
water-saluble, non-ionic aming acids (Gin, Thr; and Tyr). The invention further encompasses a method of treaiment for a disorder or .
diseasa that is mediated by tha actlvity a membrana protain In a subjact in need thereof, comprising administering to said subject an
efiective amount of a water-soluble polypeptide described hergin. :

Form PCTASA/210 (continusation of first sheet (3)) (July 2009)
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