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Molecular Locks are molecular assemblies that are cooperatively
assembled to bind to specific nucleic acid targets.
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Cooperative assembly allows the Molecular Lock to bind tightly to
its target without individual components interfering with sites that
have some but not all of the features of the target. This minimizes
the impact of the Molecular Lock on normal cellular control and

trafficking (side effects).
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Downshifting the binding affinity of the binding domains of a multivalent
Molecular Lock provides selectivity for composite targets containing
sequences found elsewhere in the genome.
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Molecular Locks and Binding Competition
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Molecular Lock Development Steps
1) Select target and identify protein binding sites within target.

2) Evaluate spacing of target binding sites and the radial
presentation of proteins bound to the target.

3) Select oligomerization domains so that the nucleic acid
binding domains cooperatively bind to the target in the right
geometry.

4) Express nucleic acid binding — oligomerization domain hybrids
and characterize the binding of these hybrid proteins in gel
shifts.

5) Check the specificity of assembled Molecular Lock using
Lock and Drop™,
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Select target and identify protein binding sites within target (arget shown: Hiv LTR)

CCCATACATTAT TG TGO CCGGECTGETTTTGUGAT TCTARAG TG TARAGATARAAAGT TCARTGGAAAAGGACCATGTACARATGTCAGCACAGTAC
ARTGTACACATGGARATTAGGC CAGTGETAT CAACT CARCTGCTATTARAA TGGCAGT CTAGCAGAAGAAGRGGTAGTAATTAGAT CTGACAATCTCAC
G AA TGO TAARRCCATARTAGTAC AT AR GGAAC T TAGAAA TTAAT TG TACARGACC TAACAACAATACAAGARRAAGTATACATATAGEA
CCAGGGAGAGCATTTTATACAACAGGACARATAATAGGAGATATAAGACARGCACATTG TAACATTAGTAGAGCAARATGGARTAACACTTTACARC
AGATAGTTATAARATTAAGAARACARTTTGAGAATAGAACARTAGTCTTTART CARTCCTCAGGAGGGGACCCAGARGTTGTARTGCACAGTTTTAR
TTGTGGAGGAGARTTTTTC TACTGTAATTCATCACAAC TG TTTAATAGTACT TGGARTGATAG TACTTGGAATGATAC TARAGGG TTARATAACACT
GAAGGAATTATCACACTCCCATGCAGAATAAAACAATT TATAAACATGTGGCAGGAAGTAGGAAARGCAATGTATGCOCCTCCCATCAGAGGACARR
TTAGATGTTCATCARATATTACAGGGCTGCTCTTAACARGAGATGG TGG TARTAGCGAGAACGATACCACCGAGATC TTCAGACCTGGAGGAGGAGA
TATGAGGGACAATTGGAGAAG TGAAT TATATARATATARAGTAATAAAAATTGAACCATTAGGAGTAGCACCCACCARGGCAMGAGAAGAGTEETG
CAGAGAGAARRAAGAGCAGTGGEGEAACGCTAGGAGC TGTGTTCCTTGEGTTCTTGGGAGCAGCAGGARGCACCATGGGCECAGUGTCAATGACGCTGA
CGGTACAGGCCAGACARTTATTGTCTGG TATAG TGCARCAGCAGAACAATTTGC TGAGEGC TATTGAGGOGCAACAGCATCTGTTGCAAC TCACAGT
CTGGGGCATCARGCAGCTCCAGGCARGAGTCCTGEC TG TGGAMAGATACCTACAGGATCAACAGCTCCTAGGGATTTGEGGTTGCTCTGEARARCTE
ATTTGCACCACTACTGTGCCTTGGAATAGTAGTTEGAGTARTARATC TC TGARTGAGATTTGGAATAA CATGAC CTGEATGGAGTGGEGAAAGAGARR
TTAACAATTACACAAGCTTAATATACACCTTAATTGARGARTCGCAGAR CCARCARGAAAAGAA TGAACAAGAATTATTGGAATTAGATARAG TGEGE
ARGTTTETGEAATTGG TTTAGCATAACARACTGGC TETGE TATATAAAARTATTCATAATGATAGTAGGAGGC TTGATAGG T TTANGAATAGTTTTT
GCTGTACTTTCTATAGOGAATAGAGT TAGGCAGGGATATTCACCATTATCATTACAGACCCGCCTCCCARCCCCGAGGEGACCOGACAGGCCCGARG
GRATCGAAGARGARGGTGGAGAGAGAGACAGAGACAGAT COGGAATATTAGTGAACGEATTCTTAGCACTTTTC TGGEACGACCTEOGEAGCCTETS
CCTCTTCAGCTACCACCRCTTGAGAGACTTACTC T TGAT TETAGCGAGGATTGTGEARCTTC TGGEACGCAGGEGGTEEEAAGT CCTCARATATTES
TEGAATCTCCTACRGTATTGAAGTCAGGARCTARAGAR TACTECTGTTAGCT TECTCAACGCCACAGCCATAGCAGTAGCTEAGGACACAGATAGES
TTATAGAATTAGTACARGCAGCTTETAGAGCTATTCTCCACATAC CTAGARGAGTGAGACAGGGCTTGERARGEG I TTTECTATARGATGGGTEECA
AGTGGTCARAR COTAGTACGETTGEATGETC TACCATARGAGRARAGAATOARACGAGTTGAGC CAGCAGCAGATGGGETGEEAGCAGCATC TCEAGA
CCTGGAAGAACATGGAGCACTCACAACTAGCAATACGACAGCTAATAATGCTGCTTE TG OO TGO TAGARGCACAAGAGEAGEACCAAGTGGATTTT
CORAGTCAGACCTCAGGTACCTTTAAGACCAATGAC TTACARGGGAGCTTTAGATCTTAGC CACTTTTTARAAGARARGGEGECACTOGAAGGOCTAR
TTCACTCCCARARRRGACARGATAT CCTTGATC TG TGEGTCTACCACACACRRGGECTACTTCCCTEAT TGO CAGAAC TACACACCAGGGCCAGEGAD
CAGATATCCACTGACCTTTOGATGETECTACAAGC TAGAR CCAGTTOATCCAGAGCACO TAGAAARGECCAATGAAGGAGAGAACAACAGC TTGTTA
CACCCAGTGAGCCTGCATAGCATAGACGACCCOGAGARAGARGTGTTAATGTGEARCTTTGACAGC CGCCTAGCATTTCATCACATOGCCCGAGAGT
ToraToons s O -~ T %5 TTTTCTA - e - 1SN . - i0ACGCOTEEC TGGGCA0EATERS
COCTCAGATGC TRCATATARGCAGC TGO TTTTTGCCTGTACTGEETCTCTCTGG TTAGACCAGATCTEAGCCTGGGAGCTCTCTGED
TAACTAGGEARCCCACTECTTAAGCCTCAATAA GO TTEC i T 2 A C T ACTC T TE O C e T T e -5 T2 A C TAGAGAT
COCTCAGACCCT R T T GG AR A A T T T AG A G TG OGO COGARCAGGEACTTGAAAGOGARAGTARAGC CAGAGEAGATC TC TCGROGT
AGGACTCGECTTGCTGAAGCECECACCECAA R - O - T CAC TACGCCAAAA R TTTTGAC TAGCCGAGGCTAGAAGGAGAGAS
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Evaluate spacing of target binding sites.

AT R AT T T T T R T T T T AR T T T R AR S T T A A A A T R A A A T T CAAT O R AR AR A AT T A CAA R T T OB RCACTAD
ARTGTACACATGEARATTAGE DA 3T AT AR T CAR T CTA T TAAAT GG CACT T hG CAGA RS ARG AG I TAGTART TAGAT CTGATART CTCAL
BTN ACT AR S CA TR T A TR O AN 2T T AN TT ANTT T A SRR COT U CAR RN TR AR AN RTT AT R TRTAGAR
ARG AT T T TAT A A CAGE A AR TR A T ARG R T AT AR ARG T AT T T AT AT T AGT AG A TAAR R T G R T RACA T TT ACARD
BARTRATTHNTAAINT TR AA CENTT T AN TR CRATRIT OTT TALT CAMTS O SRR R R COR T TET AT GO T ITTTTAR
T TR AR TT TT T T ACT U ART T AT A CAATT I T T TR T AT AT T AR T AT AT ACT TR AR AT AT AU TARN SR I TTARETRACATT
GERAGGEARTTATCACR CT OO o R T GCAG AR TAR AR CAATT T RTAAACRT T e A GGA ARG TAGEA AR R GCA AT G TATGC CECT OO CRT CAGRIS ATARR
TTAGATITT CATRRATATT R CAGEI OT GOTITT AT AR GATHIT SETANT ASCARARACENT R COR A AGATITT OGRS CTGEMIARGENAR
TR A GEGER TR T G ARG T A T T AT AT AR A TA T AR R TAA T A AR TG AR R T T AR T AT RO TR R ARG ARG RS TEETS
CRGAARARMANIIARGCATT AR ACT LRI CT AT TT COTTRHIT T TG CRECASARAGC R ST GGG I CAGTT CAATARCGOTAR
SRR AR AR AT TAT TO T TR TAT R T AR el CARA R CRAT T CT R CTAT T AR AR AR CAG AT CT T TOCARTTCACAET
CTGGEGCRT CARAG ChECT O R GG ARG LT O T G ECTE T SaAAAG RT DT A CAGGAT CRACAG OT CCT AGS AT T T a3 6GT TG CTCTGARAAACT
AT TT AR TR T T TR TR T AT T AT AR T AR T T TR A T A RE T T TR RE AT AR CRT A AT RO R T ARG T O RRR R AR
TTARCARTTACACRRGCTTARTATACRCCTTART TGARG AR T O G AR DR R CAAGE ARG R TG AR ARG AR TTATT AR T T AGA T ARG TG T
RN T TRATAGAATTHIT TT I CATAL CRALCTGI CT AT IT ATAT ARAAATAT T CATART GAT AT AGGAI OT TART AGETTT AAGAAT FITTTTT
GUTGTATTT TCTATRGCGRR T AT TR GG GAT AT T AT T T AT CAT T A CAGR T OO T AR DGR GGG Gl DO0G ARG D CRARG
GRATOGARIARGARI T GENG AGHERGR CAGRGR CAGAT COGGARTRTTAGT G ARCEERT TCTTHE CACT T T TCTEEAR CEACCT GURGRIC CTETS
ST TR CT A LR OO R T T AR AT TR T T TR T T TR A AT T TR RRE T TCT R AR A MR T AT T CREATATTRD
TEGAATCTCCTACRI TATTREAGTCAGEAACTARAGART RO TECTET TARCT T GOT AR CHOCA CRGCCAT AGCAGT G CTERAGGGGACKIRT ARG
TTATAGART TAGT ACAAGTNI OT TET MIAGCT AT TOTO R CATRS CT AGAMARFT GGR CAGRS IT TOGAL L FIRCT TTACT AT AMAGATEII TR
B TG T AR AN O TR T A G0 TT R TG G T TR C A T ARG RGN R AT TR A O T TG UG R A G G AT G T ARG ARG CAT CT CRAGR
COTGERRARACATH AGCKTT CACALIT ARCANT ACER R CTANTRAT GITA OT TATAC CTRG CT A CACALA AR IAATTIFITTTT
SRR AR AT AT T TT AR AT CAATRA T T AR AR TT TRART CT TR TR T T T T TARR A AR N AR R T RRR I ICTRA
TT CACTC CCAAARRR GACARIATATC CT TEATCT BT GEE T CT AT RCACACAR GG T ACT T OO S TG AT TEGE CAGAA TR CACRS CAGREC CRGEEAD

B e SR

CROCCRETS A ACCORE ACARRGRAGT T Th

s, T A T A TR T AT T O RAG T T T CTAC M GG T T T OO TGO G T TT OO GhA A DO TG AT

T T TCTCT ORI T AR, TCTCTREE
3 TG LI TEATT GLTTC ARG TAE T TOTG COCG T TG TTGTE TS ACT CT S ETARTRGAGRT

T T T T T AT T TV B AP TP T (PPN 12k T T A R A T ARG R BRI AT T O TO0R00E

B GO TG T AU 0 R G S S R R G G G T AT er T GACT A LS DA R R T T T TG ACTAG S ARG T ARG R ARG

*_%
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Evaluate radial presentation of proteins bound to the target.

Target Binding Sites

Target Binding Domains (TBDs)
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Express nucleic acid binding-oligomerization domain hybrids

BRAL B

TBD-ABD (Anchor Binding Domain) hybrids

&

5 8

TBD-TBD hybrids

i v i1 B

TBD-oligomerization domain hybrids ®
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Select oligomerization domains so that the nucleic acid binding
domains cooperatively bind to the target in the right geometry.

Ay BEEAEEE

Anchored target ("lockbox") for immobilization, detection and counting of target genes

(.

Spooled target for deactivation of target genes
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Molecular Lock Hairpin Test Gel Positions
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Molecular Lock Spooling Test Gel Positions
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Lock and Drop™ - Testing Molecular Lock Specificity

Tethered Cellular Target
Molecular  Nucleic Acid Nucleic Acid
Lock Fragments  Fragment
o)) )
- Lock \ Not Target Specific
Target Specific / (Target and Other Sequences

(Only Target Captured)

cH@ - ))) %w
l l

) ) )
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in situ Test for Molecular Lock
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Protein
Molecular Lock
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The structure and action of Molecular Locks makes them uniquely
suited to engineering new biological circuits that can run parallel

to existing naturally occurring biological circuits.

The following examples use free protein as the signal.
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AND Al )c

The binding components of the multivalent
Molecular Lock must all be present for the
Molecular Lock to cooperatively bind to the
nucleic acid target. A Molecular Lock in the
hairpin configuration can be used to activate a
gene, expressing a new protein.

| | DNA
‘:?? ——» Transcription of TargetGene —— EE

s Gene On

Target Nucleic Acid Target Gene
(e.g., promoter)
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Cooperative assembly allows the Molecular Lock to bind tightly
and selectively to its target, discriminating sites that have some

but not all of the features of the target. For example, identical

NF-KB binding sites are present in the HIV-LTR (the control region
of HIV) and in the human genome (e.g., the Beta-2-microglobulin
promoter, the Kappa light chain promoter); a Molecular Lock can
discriminate for an HIV-LTR target containing such a site in a

human genome sample.
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Histones are naturally occurring structures in which protein
spools the DNA, shutting off its transcription.
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Molecular Lock scaffolds are similar in size to Histone
protein assemblies.
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The challenge of engineering new biological circuits should
not be limited to creating pharmaceutically active responses
to pathogenic and genetic diseases, but rather to creating an

entirely new immune system.
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The Gene Pool, Inc. is developing Molecular Locks as
treatments for infection, cancer, heart disease, diabetes, and
obesity. Molecular Locks may replace hormones,
monoclonal antibodies, antibiotics, and small molecule
drugs. Molecular Locks are designed to target specific cells
and modulate the transcription and translation of specific
genes and pathways that are often the ultimate target of
existing drugs. Existing drugs often have collateral,
unwanted impacts on pathways and cell types; these

impacts may be eliminated by using Molecular Locks.
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Molecular Locks can activate or deactivate specific
pathways that are the desired targets of existing drugs
without serious, unintended collateral effects.
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Arthur and Susan Weininger have developed and patented
the Molecular Lock technology. Over two dozen patents have
issued worldwide.
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