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P450-FdxR-Fdx (w/Flag ¥ 713 KF)D & b ¥ > /37 EES) BFIES 1
MLAKGLPPRSVLVKGCQTFLSAPREGLGRLRVPTGEGAGISTRSPRPFNEIPSPGDNGWLNLYH
FWRETGTHKVHLHHVONFQKYGPIYREKLGNVESVYVIDPEDVALLFKSEGPNPERFLIPPWVAY
HQYYQRPIGVLLKKSAAWKKDRVALNQEVMAPEATKNFLPLLDAVSRDFVSVLHRRIKKAGSGNY
SGDISDDLFRFAFESITNVIFGERQGMLEEVVNPEAQRFIDAIYQMFHTSVPMUNLPPDLFRLFRTK
TWKDHVAAWDVIFSKADIYVTANFYWELRQKGSVHHDYRGILYRLLGDSKMSFEDIKANVTEMLA
GGVDTTSMTLOWHLYEMARNLKVQDMLRAEVLAARHQAQGDMATMLQLVPLLKASIKETLRLHP
ISVTLQRYLVNDLVLRDYMIPAKTLVQVAIYALGREPTFFFDPENFDPTRWLSKDKNITYFRNLGFG
WGVRQCLGRRIAELEMTIFLINMLENFRVEIQHLSDVGTTFNLILMPEKPISFTFWPFNQEATQQT
DGTSSTQEKTPQICVVGSGPAGFYTAQHLLKHPQAHVDIYEKQPVPFGLVRFGVAPDHPEVKNVI
NTFTQTAHSGRCAFWGNVEVGRDVTVPELREAYHAVVLSYGAEDHRALEIPGEELPGVCSARAF
VGWYNGLPENQELEPDLSCDTAVILGQGNVALDVARILLTPPEHLERTDITKAALGVLRQSRVKTV
WLVGRRGPLQVAFTIKELREMIQLPGARPILDPVDFLGLQDKIKEVPRPRKRLTELLLRTATEKPGP
AEAARQA RAWGLRFFRSPQQVLPSPD! VRLAVTRLEGVDEATRAVPTGDMEDLPC
GLVLSSIGYKSRPVDPSVPFDSKLGVIPNVEGRVMDVPGLYCSGWVKRGPTGVIATTMTDSFLTG
QMLLADLKAGLLPSGPRPGYAAIQALLSSRGVRPYSFSDWEKLDAEEVARGQGTGKPREKLVDP
QEMLRLLGHTDGASSSSEDKITVHFINRDGETLTTKGKVGDSLLDVVVENNLDIDGFGACEGTLA
CSTCHLIFEDHIYEKLDAITDEENDMLDLAYGLTDRSRLGCQICLTKSMONMTVRVPETVADARQS
IDVGKTSDYKDDDDK

aLRAFr—AFE Fas)—+E, CholD EFIEFS 2
MPTLYKKAGFQLGSLENLYFQGHHHHHHGTMAGFLNCCPGCCMEPGASD YKDDDDKMLRRMG
DASLTTELGRVLVTGGAGFVGANLVTTLLDRGHWVRSFDRAPSLLPAHPQLEVLQGDITDADVCA
AAVDGIDTIFHTAAHELMGGASVTDEYRQRSFAVNVGGTENLLHAGQRAGVQRFVYTSSNSWM
GGONIAGGDETLPYTDRFNDLYTETKVVAERFVLAQNGVDGMLTCAIRPSGIWGNGDQTMFRKL
FESVLKGHVKVLVGRKSARLDNSYVHNLIHGFILAAAHLVPDGTAPGQAYFINDAEPINMFEFARP
VLEACGQRWPKMRISGPAVRWVMTGWQRLHFRFGFPAPLLEPLAVERLYLDNYFSIAKARRDLG
YEPLFTTQQALTECLPYYVSLFEQMKNEARAEKTAATVKPG

37 FA7rA FAL-FE Frs)—+,A1-KstD BFIES 3
MQDWTSECDVLVVGSGGGALTGAYTAAAQGLTTIVLEKTDRFGGTSAYSGASIWLPGTQVQERA
GLPDSTENARTYLRALLGDAESERQDAYVETAPAVWALLEQNPNIEFEFRAFPDYYKAEGRMDTG
RSINPLDLDPARIGDLAGKVRPELDQDRTGQDHAPGPMIGGRALIGRLLAAVQSTGKAELRTESYL
TSLIVEDGRVVGAEVESGGETQRIKANRGVLMAAGGIEGNAEMREQAGTPGKAIWSMGPFGANT
GDAISAGIAVGGATALLDQAWFCPGVEQPDGSAAFMVGVRGGLVWDSAGERYLNESLPYDQFG
RAMDAHDDNGSAVPSFMIFDSREGGGLPAICIPNTAPAKHLEAGTWVGADTLEELAAKTGLPADA
LRSTVEKFNDAAKLGVDEEFHRGEDPYDAFFCPPNGGANAALTAIENGPFYAARIVLSDLGTKGG
LVTDVNGRVLRADGSAIDGLYAAGNTSASLSGRFYPGPGVPLGTAMVFSYRAAQDMAK

SRR L AT 2 — LA B BER, acmB BLFIE S 4
MPTLYKKAGFQLGSGTENLYFQGTMSIETNTYDVIVVGSGAGAMLAAARAHDLGLSVLVVEKSDK
YGGTSAVSGGAVWIPNNSQMQIKDSFDEALTYLKAATQGLVAEDRLLAYLESAPQMVEYINANMT
LQYFPCHRYPDYYQHLPGAKPGGRTMEPMLFDAALLGDEFANLRMAYTGTLLMGKASMTATEA
HVMLAKEPGWMLQVIKSLGRYYLDLPWRLKSRHDRKRGLGNAMAAGLRHALLERKVPLWLNTP
FESLITEGAENKRVTGIVVKRNGQTLOLTARRGVVLGAGGFERNQQMREQYLPKPTNAAWSATP
PHNTGDTIRAAMDIGARAELMDWAWWVPSIHVPGEAAQTGLFAERNLPGCIVVNGKGQRFINEA
SPYLEFGAAMYENHARSGSAVPAWLIFDGKFRYNYPMGPLMPGQIQPDRKAWLGKYYWRDDTL
EGLAKQIGVDAAGLKQSVELNNQYAQDGKDREFDKGGNVFDRYYGDYNVKPNPCLAPIGKPPYY
AMRVDAGDIGTKGGLLTDKDARVLDESDRPIEGLYCIGNNSASYMGKAYPGAGGTLEPAMTFGF
RAANHIAASKYPYDVPDYAG
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LSRGEVKGDSIACPFHDWRWNGKGKC TDIPYARRVPPIAKTRAWTTLERNGQLYVWNDPQGNP
PPEDVTIPEIAGYGTDEWTDWSWKSLRIKGSHCREIVDNVVDMAHFFYIHYSFPRYFKNVFEGHT
ATQYMHSTGREDVISGTNYDDPNAELRSEATYFGPSYMIDWLESDANGQTIETILINCHYPVSNN
EFVLQYGAIVKKLPGVSDEIAAGMAEQFAEGVQLGFEQDVEIWKNKAPIDNPLLSEEDGPVYQLR
RWYQQFYVDVEDITEDMTKRFEFEIDTTRAVASWQKEVAENLAKQAEGSTATPGSGATNFSLLK
QAGDVEENPGPMAPYSLLVTRLAKALGVRQYHVASVLCQRAKVAMSGYPYDVPDYAGGGGSM
TAVQAPVTSRATVLTVSAVVQETADAVSLVFDVPDDRREDFTYRPGQFLTLRIPSDRTGSVARCY
SLASSPFTGEPPKVTVKRTAGGYGSNWLCDNIVAGRSIEVLPPAGVFTPADLTEKLVLFAGGSGIT
PYMSILESALHSGNRDVVLIYGNRDEKSVIFAEKLRELAARHAGALTVWHWLESVQGLPSPQQLAT
LISPFADHRAYMCGPGPFMDTVREGLLLAGVPKDRIHAEVF TSLSGDPFADVPLVEIDESDADATS
ATVQLDGEEHDLVWPRSATLVDVMLSKGLDVPYSCREGECGSCACTVVEGDVDSLPSAILDEED
IANGYVLACQARPKSDHVRIEF

3B-t Fa¥vayns F7FE Fust—+¥ 2, HSD2 BFIE S 6
MGWSCLVTGAGGLLGQRIVRLLVEEKELKEIRALDKAFRPELREEFSKLQNRTKLTVLEGDILDEP
FLKRACQDVSVVIHTACHDVFGVTHRESIMNVNVKGTQLLLEACVQASVPYFIYTSSIEVAGPNSY
KENQNGHEEEPLENTWPTPYPYSKKLAEKAVLAANGWNLKNGDTLYTCALRPTYIYGEGGPFLS
ASINEALNNNGILSSVGKFSTVNPYYVGNVAWAHILALRALRDPKKAPSVRGQFYYISDDTPHQASY
DNLNYILSKEFGLRLDSRWSLPLTLMYWIGFLLEVVSFLLSPIYSYQPPFNRHTVTLSNSVFTFSYK
KAQRDLAYKPLYSWEEAKQKTVEWVGSLYDRHKETLKSKTQ

E b StAR ¥ > /37 WELS BAIES T
MLLATFKLCAGSSYRHMRNMKGLRQQAVMAISQELNRRALGGPTPSTWINQVRRRESLLGSRLE
ETLYSDQELAYLQQGEEAMQKALGHL SNQEGWKKESQQDNGDKVMSKYVPDVGKVFRLEVWVD
QP! EL AELAAEAAGNLYGPR
RGSTCVLAGMATDFGNMPEQKGVIRAEHGPTCMVLHPLAGSPSKTKLTWLLSIDLKGWLPKSIN
QVLSQTQVDFANHLRKRLESHPASEARC,

t b TOMM20 % /32 B B 5 8
MVGRNSAIAAGVCGALFIGYCIYFDRKRRSDPNFKNRLRERRKKQKLAKERAGLSKLPDLKDAEA
VQKFFLEEIQLGEELLAQGEYEKGVDHLTNAIAVCGQPQQLLQVLQQTLPPPVFOMLLTKLPTISQ
RIVSAQSLAEDDVE

E  Tom/Star @# 4 >3 2 EEHI(Tom BEFIITRT: THILY >0 —E5) BIIES 9
MYGRNSAIAAGVCGALFIGYCIYFDRKRRSDPNFKNRLRERRKKQKLAKERAGLSKLPDLKDA
EAVOKFFLEEIQLGEELLAQGEYEKGVDHLTNAIAVCGQPQALLQVLQQTLPPPVFOMLLTKLP
TISQRIVSAQSLAEDDV! LEETLYSDQELAYLQQGEEAMQKALGILSNQEGWKKESQ
QDNGDKVMSKVVPDVGKVFRLEVVWDQPMERL YEELVERMEAMGEWNPNVKEIKVLQKIGKDT
FITHELAAEAAGNLVGPRDFVSVRCAKRRGSTCVLAGMATDFGNMPEQKGVIRAEHGPTCMVLH
PLAGSPSKTKLTWLLSIDLKGWLPKSIINQVLSQTQVDFANHLRKRLESHPASEARC

t b StAR/StAR & & > /37 TEHI (F#d ) o 0 —EFDEFIH 5 1 0
MLLATFKLCAGSSYRHMRNMKGLRQQAVMAISQELNRRALGGPTPSTWINQVRRRSSLLG
SRLEETLYSDQELAYLQQGEEAMQKALGILSNQEGWKKESQQDNGDKVMSKVVPDVGKVF
RLEVVVDQPMERLYEELVERMEAMGEWNPNVKEIKVLQKIGKDTFITHELAAEAAGNLYGP
RDFVSVRE EETLYSDQELAYLQQGEEAMQKALGILSNQEGWKKESQQDNGDKY
MSKVVPDVGKVF VVWDQPMERLYEELVERMEAMGEWNPNVKEIKVLQKIGKDTFITHE
LAAEAAGNLVGPRDFVSEVRCAKRRGSTCVLAGMATDFGNMPEQKGVIRAEHGPTCMVLHP
LAGSPSKTKLTWLLSIDLKGWLPKSIINQVLSQTQVDFANHLRKRLESHPASEARC
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INTERNATIONAL SEARCH REPORT International application No.

PCT/US 21/62388

A.  CLASSIFICATION OF SUBJECT MATTER
IPC-  C12N 15/52, AB1K 35/12, AB1K 48/00, C12N 9/02 (2022.01)

CRC - G12N 15/52, AB1K 35112, AG1K 48/00, C12N 9/0004, C12Y 101/03006

According to International Patent Classification {IPC) or to both national classification and [PC

B.  FIELDS SEARCHED

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

Documentation searched other than minimum documentatior to the extent that such documents are included in the fields searched
See Search History document

Electronic data base consulted during the intemational search (name of data base and, where practicable, search terms used)
See Search History document

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y US 6,903,183 B1 (STOCCO at al.) 7 June 2005 (07.06.2005) Abstract; Col, 4, In 1-21; Col, 5, In 1-3, 18-20, 31-33
4567; Col. 6, In 1-2

Y US 2020/0173452 A1 (UNIVERSITY OF SOUTH ALABAMA FOUNDATION FOR RESEARCH 1-3, 18-20, 31-33
AND COMMERCIALIZATION) 11 June 2020 (11.06.2020) Abstract; para [0007]; claim 7

Y US 2006/0110730 A1 (BOSE et al.) 25 May 2006 (25.05.2006) para [0007); para [0010} 3,20, 33
[] Further documents are listed in the sontinuation of Box C. D See patent family annex.
. Specml categories of cited documents: “T"  later d blished after the ir ional filing date or priority
L defining the g | state of the art which is not considered date and not in conflict with the applicarion but cited ta understand
te be of particular relevance the principle or theery underlying the invention
“o" d cited by the appli in the i ional applicati "X documen of particular relevance; the claimed invention cammot be
“E®  earlier apphcalmn or patent but published on or aRer the in d novel or canhot be congidered to involve an inventive step
filing dal when the document is taken alone
L document which may throw doubts on priority claim(s) or which “Y™ document of particular rel the claimed i ion cannot
is cited to establish the publication date of another citation or other be considered o invalve an inventive step when (he document is
special reason (as specified) combined with one or more ather such d such ion
“Q™  docwment refetring to an oral disclosure, use, exhibition or other means being obvious to a person skilled in the art
“B* blished prior 1o the i ianal filing date: but later than  “&” document member of the same patent Family
the pnorlty date claimed
Date of the actual completion of the internationat search Date of mailing of the intenational search report
14 March 2022 MAR 28 202¢
H
Mamie and mailing address of the ISA/US Authorized officer :
Mait Stop PCT, Aftn: ISANUS, Commissioner for Patents. Kari Rodriquez
P.O. Box 1450, Alexandria, Virginia 22313-1450
Facsimile No, §571-273-8300 Telephone No. PCT Helpdesk: 571-272-4300

Form PCTNISA/210 (second sheet) (July 2019)
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INTERNAT[ONAL SEARCH REFORT international app]jcalion No.
PCT/US 21/62389
Box No. 1 Nucleotide andfor amino acid sequence(s) (Continuation of item 1.c of the first sheet)

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

a. forming part of the international application ag filed:
E’ in the form of an Arnex C/ST.25 text file.
I:] on paper or in the form of an image file,

b. |:| fumnished wgether with the international application under PCT Rule 134er 1{a) for the purposcs of intemational search
only in the form of an Annex C/ST.25 text file.

c. [:] furnished subsequent to the international filing date for the purposes of international search onty:

in the form of an Annex C/ST.25 text file (Rule 13fer 1(a}).
on paper or in the form of an image file (Rule 13ter.1(b) and Administrative Instructions, 3ection 713).

2. D In addition, in the case that more than one version or copy of a sequence listing has been filed or fumished, the required
statements that the information in the subsequent or additional copies is identical 1o that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished,

. Additional comments:
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INTERNATIONAL SEARCH REPORT International application No.
PCT/US 21/52389

Box No, IT 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:

L D Claims Nos.:
because they relate to subject matier not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the intemational application that do not comply with the prescribed requirements to such an
extent that no meaningful intermational search can be carried out, specifically:

3. IZ‘ Claims Nos.: 4-17, 21-30, 34-43, 4761, 65-78, 82-94
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 Iacking (Cantinuation of item 3 of firsi sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
This application containg the following inventions or groups of inventions which are not 8o linked as to form a single genaral inventive
concapt under PCT Rule 13.1. In order for all inventions to be searched, the appropriats additional search fees must be paid.

Group |: Clalms 1-3,18-20 and 31-33 directed to a nucleic acid composltion comprising a coding sequence for Stercidoganic Acute
Regulatory (StAR) protein; and a coding sequence for a cholesterol degrading proteln {CDP).

Group |I: Claims 44-46, 62-64 and 78-81, directed to a method of anhancing cholestercl degradation in a mammalian cell comprising
expressing non-native enginesrad StAR protein; and expressing one or more of a CDP,

continued on extra shaat:

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

2. I:] As all searchable claims could be searched without 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 international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. E 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 is covered by ¢laims Nos.:
1-3, 18-20, 31-33

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

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

D No prolest accompanied the payment of additionat search fees.
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PCTIUS 21/62388

-continued from- Box Ili: Observations where unity of invention is lacking:

Tha inventions listed as Groups | and Il do not refate to a single general inventive concept under PCT Rula 13.1 bacausa, under PCT
Rule 13.2, they lack the same or corresponding spaclal tachnical faaturas for the following reasons:

Special Technical Featlures

Group 1 requires a nucleic acid composition comprising a coding sequenca for an enginesrad StAR protein; and a coding sequance for a
CDP, not required by Group Il

Group il requires a mammatian call comprising a coding saquence for an engineered SIAR protein; and a coding sequence for a CDP,
not required by Group |.

Common Technical Features

The features shared by the inventions listed as Group | & If a coding sequenca for Steroidoganic Acute Regulatory (StAR) protein; and a
coding sequence for a cholesterol degrading protein (CDP).

However, these shared technical features do not rapresant a contribution over prior arl, bacause the shared technical featuras are
taught by US 6,803,183 B1 to Stocco ot al. (heneinafer 'Stocco') in view of US 2020/0179452 A1 to Unlversity of South Alabama
Foundation For Research And Cammercialization (hereinafter USAFRC').

Stocco disdloses a coding sequenca for Steroidogenic Acute Regulatory (StAR) protein {Abstract- "Compositions and methods relating
to the regulation of transport of cholesterol into tha mitochondria of a cell and, thersfors, for the ragulation of gteroidogenesis are
provided. Compositions includa nuctele acld molecules encoding a stercidoganic acute regulatory protein {StAR), StAR protsln”); but
does not teach a coding sequence for a cholesterol degrading protein (CDP).

Howevar, Stocco teaches that the disclosed protein can be used for regulating cholesterol (Abstract).

USAFRCG discloses expressing a cholestercl degrading protain (Abstract- * subjects may be administered one or more mammalian cells
modified lo express at least one starol degrading enzyme derived from a bacterium®; claim 7- "wherain the pratein is setected from
cholesterol dehydrogenase (ChoiD)*}. Since USAFRG teaches that the disclosed anzymss can be used for ragulating cholestarol (para
[0007]- “herein are methods to humanize and express the enzymaes that aid in catalyzing cholesterol degradation”), it would have baen
obvious to one of ordinary skill in the art, to have combined the teachings of Stocco with USAFRC and use a combination of a coding
sequence for StAR protein; and a coding sequence for a CDP, to achieve a desired cholestercl regulation, using routine
experimentation.

As the technical featuras were known in tha art at tha time of the inventlon, they cannot be considered special technical features that
would otharwise unity the groups.

Groups | and Il therefore lack unity of invention under PCT Rula 13 bacausa they do not shara a same or corrasponding spaclal
technical faatura,

Itam 4 {continuad)
Claims 4-17, 21-30, 34-43, 47-61, 65-78 and B2-94 are depandent claims and are not drafted in accordance with the second and third
sentances of Rule 6.4{a).
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