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MOLECULE PRODUCTI ON BY PHOTOSYNTHETI C ORGANI SMS

CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This
w@ppbios@ri on clains priority to and benefit of PQI/B8S2008/075866

Provi sional Application Nos. 60/971,418 (filed

Sept enber 11, 2007), 60/971,412 (filed Septenber 11,

2007), and 61/130,892 (filed June 2, 2008), which

applications are incorporated herein by reference.

| NCORPORATI ON BY REFERBYNSERIBOU2N Al |l publications and

pat ent applications nentioned in this specification

are herein incorporated by reference to the sane

ext ent NySNOTUSECHNIABIIRD, duat Epud] T AaH CONGR (At Emt

appl i cation was speC|f|caII and i ndividually

i ndi cated to be |d@éﬂﬁ%Ehﬂ@éHﬁ§Iﬂéﬁﬁﬁ%nce BACKGROUND

OF THE | NVENTI ON [ 0003] Fuel products, such as oil,

petrochem cal s, and ot her substances useful for the

product i @R@@S—R@FIERH}KDE Tl REBAGEDNAPPBRI ADIONS n

demand. Much_of today's fuel Eroducts are generated

f TBFPF&Y apPgasios, clajfs dhe b Tihet Ucorispdaioad Agmiaatn Serial No.
60/97?ﬁg7,gﬁleﬁ(§b€z)fe%er 39, tQBW aLifst e defist {)f ofs. olgrg?ﬂ loBal Application
nmat eri a I ng covered ’by successive [ayeéers
Serialsdi tg085,0%0k rfiled & ugostr s 2008, mnd is mraentnfuayemnspaﬁ b€ Mkternational

Appllf:qs{wglr]ﬁ%d}?g?@%g()g’?/pgf%g%ilt ¥ 3362%22%52 rGf‘éaoll’r;‘lS the benefit of

U.S. Belisishho %’p}ﬁﬁgtl&m@or SBENS Bl MAZG Ameas 2@6@ Qll of which are hereby
increased. As a result, thére has been a grow ng

incorfomted by tefemuicatmedn fiothealentiret tincheding rinoAigures tgrledl ocdrawings.
fuel products. Thus, there exists a pressing need for
alternative nethods to devel op fuel products that are
renewabl e, suspACRARGUNDDFITESS NIFERTUON O t he
envi ronment. SUWMMARY OF THE | NVENTI ON [ 0004] The
pléegéemitting efiarsistorp edomttore ey c,veaﬂ?i@shghtomls@md prepértes of light
emlttlgg rdlodreg ;gpg)rm Iltﬁdtﬂig tsaf’ltct?lﬁg g)é%?e(rtlesogf’r &‘” n51 g(?rs.f \gg 8nv1ng clements,

lateral-€e gs tﬁ@llksffecf Era@sﬁﬁﬂxC@ETahﬁhd' natedll . gjeamc gh&tdhn tran51st0r) type
phot osynt heti c organlsns The conpositions include

tram%%i’ﬁir s Rarnvepeted c ohpieTadinmy BRSPS T ALUITEBE] GET structure
C I I,at n e

requmgfzgg t(??)vﬁ g?'?piagb Biru% dﬁc%ctlo%s gl{cﬁg% z{t/ ar%%%fglil qgﬁg tinel length, low

luminpinet dfiyrhéetand snagbapsne fHRO5Vettivaboipe transiseme @sing an organic

h.nucl eoti de sequence(s) encode qne or re. .
sttic il B%‘fﬁf?f&?é%‘l’rq}?"‘r’ i M:ﬂl@f%smaé& IRy pperational
volta%ﬁ apR! @ Rbridaby RAPE inde S%a’cen stht@urMAs Q?geﬂ ViaWviohMAE required to

~but are not limted to, thiolase, HMG CoA synthase,
achiervhigh an/joéiade-ase, neval onat e ki nase,

ki
AL BT s e ity 8 spneistop, s fgptube metwork
is dir€sftigogintRddSen tHE snles [bsOh biEBi cSRAMRNEGR] @ﬁﬁpe&&r@des To observe a
ol ypeptide in the non-neval onate path

signi ﬁﬁ%ﬁﬁy)mdfmé PoryipEen iofeherersat @@ngsyl%/ﬁ malgcéybq@okﬁtween the

s LORHEL 2SRy L AOSSBIBEA P e s BRI St 1

very Hoseaweits RerChlamdrhjitnitD- @hlytlh betadke the, napalbesiop fﬂlﬁs@él%ﬂ{s of field
synt hase, HWVB- PP synt hase, H\VB- PP reductase and DOXP
effect, ETERE! S5 FHSIC POOBBICOLSREUAE ged e liceangpubseryhile only the
i a0V,
o BRI LS N 6 C UL Syl v .
If the nwnotpirospfaat ésnsalydlea vallabotre theqmchlgtmletﬂira‘sbmld there are numerous

X Ssion t he nuc a chl oropl ast
pureh BRGESeiube BrbEghbne: PEGrn it sitenprost anatasaes. This
resultf)Oh  GEHERItiSE sbiiReRIMih! Burd@N0BRNOfwiRnCRHOTAR! aRid thbdulates the
practice, insertion of the vector into a chl oropl ast
genone may not disrupt photosynthetic capability of
the chloroplast(s). In other instances, the vectors of
the present invention further conprise a nucleic acid
sequence mhlch faC|I|tates honDIogous reconblnatlon

g, o o o o, o
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synt hase, nyrcene synthase, abietadi ene synthase,
t axadi ene synt hase, FPP synthase, bi sabol ene synthase,
WQel2@popioyt oene desat urase, di apophyt oene synt heGEUSI8P75866
synt hase, | PP isonerase, nonoterpene synthase,
t er pi nol ene synt hase, zingi berene synthase, ocinene
semicEYIHcHAS QanGEBGU RIRBNR ¥R BAR8ctakdd GBI S¥BY MASRA the gate
farnesene synthase, geranyl geranyl reductase,
field mKkoripgshilicl s@@lﬁy@ﬁmhag elan@ubaropo@wancen(ehesym hasts), the overall

sourcegg raﬁg Ind uct(ags:es éoecs alacrﬁ%% ggﬁffﬁ%;gf] ths’ynt eéﬁlér\faéeecpensny is well
above&hélbcha@l@mor( Byedofdarrasadaesy Mdrane sta@@&b&mels&mm} R&S6Btion of the
« o, VELI Spi radi ene synt hase, 5-epi-aristol ochene synthase,
off” gptecuprphelhés eyntHsadhe nanofuhe sugiaes drEItE)s eery arabe percolation
threshg}@n’%{rlﬁalﬁg greFtt nr‘r%]r(l)g r?gbfg\ggﬁ gi&e{l% Pﬁ%&?lsg‘?é § e ne alhc nanotube current
pathwélys) aﬂg&ht@iupthdphpSﬁh&bﬁd@%ﬁg h&ﬁ@tubbﬁ}&@;)lﬂliﬁig@ﬂ’l %ﬁlle current can be
synt hase, | sopi I ene synt ase E) - g- bi sabol ene
Orderss%fﬁ‘@%é%de EEpaT &?‘ g}f’r ‘é_‘%rée“éy nt hase, kaurene
S h : hss -
AT B ARg ren gl ELEnS 3’”‘”& EP T R QRS cmerging
activet engrimol (hspiay&y ninkbseg ( HQul&-cq&taé nengy nirfaselight-emitting  display

techn@ég%%%oﬁgel Xglgly E‘F (lgrg Vga%e%ilg hﬁ)ielg E:SH:; %VICCrS]el(S)l amorphous silicon,
howe\%mthesﬁ‘@ﬂﬁé%r SCIAR JERLRE] s%ﬂﬁloﬁmg cestingtB&Miquls 1n%@f3pattermng
synt hase, E-b-oci mene, l'i nal ool synt hase, geranlo
and cwﬁvﬁmon dlamibic pbst;m ﬁéqﬁ‘afatsy hah fswsed mmel wlearsly miviiage, past 20
L. mene. s nt has

years gn or%anl(b %%lﬁgp{(&? targ g% é‘%?@gﬁ%i%g{il ih%ly Sti?m ﬁ}élgt a broad range of small

molecGRS 6 ahic| asd gieydyd Rom Eoulfdss tHAH UlaQ b 8djdnﬁﬁl@t@t}édﬂttlf‘zﬁ‘l%é‘onductance
aphi di col an- 16b-ol synt hase, el i zabet hatri ene synt hase,

Unfor%lﬁ@bw dhe elgetrame @obﬁmeé 196 dhasp cgwpmewhmhrmm ahitially about 5-6

n ,
order AR Gde EERR o el FniBY R, h 188 "R Bmgitace
too loan Suchy ey fnwbﬂusrecannbé hempeesesdt fornve MiringihgMhy sbﬁrce and drain
codon bi ased for _an PO. Specific vectors of th

e
clectrogleg SteT 198GRT iT6H At aﬁ%’é‘F(@dB?tO% chmel lenghsCorietipofd), but
n
that gﬂeﬁtlﬁa?sieg Iﬁ{negcgyrstd (%f:}iaﬁel@ggtgp Iﬁ%\?% I'eg‘nci\;u&e?ﬁlﬂggi} thS BRIV ESon.
diArmemp G ,ardbitevturd Wassdls«:iose@ inthda i ail ,etrpd. P@_eqﬁwn 264, 85, 5084,

to cmﬁ;&fy%gtgr%gh{p ]hre}{}féé %%321& Og%r%l&{ﬂhe o egttaf ! él ?cne relies on

an ulthetBh N<{® nth). alﬁllﬂﬁlu%? ANRBE BRclrBde! aak @ecﬁm%}l cagirful partlal oxidation.
sequences W th 65, 70, 75, 80

Whiletthg h)@trlmll@érdqqut Q?qhéirl@do6 Soms Q/femtagmsldofcutrhm Ippé@etmn the low

work l&mc o1 %%Jgnclgnrq'gsl{)%rc? ee?eﬁﬁogq ﬁegugeécg axg ﬁg gfﬁg Sﬁl\%ecgnlalé%eﬁﬁreg%ctmg that

devicdto tBEAIEIES avhtiidcHaBnel @Baterd, Lir&.al8AppBPhyHLerrOB00T 91, 083507
hi gher identity thereto. [0008] The present di scl osur’e

discloggdsihe pise vf dess orgapigsemieniugienpentateng; butyreguives dngrdditional 7 nm

I | o)
s SBIREUS0R: BOL S A9 5 AT DAL AP ac i
partly mxuhmde mlteothin glineduhaousxmiessidens dfffitdle thpeldetd c@tmdrcially,

constrglﬁf a]i)% Igg(élfr:‘%ﬁlé@c % ogag?ﬂnaqtafﬁ%gang %?de% Q%Eq;g&np{,ol gl?ecttrgn%gratlon

hence Cl?rHangSth@ Be@cOUE B Cothb ﬂo@&cﬁdfoﬂﬁ gnﬁe@%e tél%tdoes not shield
produces an isoprenoid wth ates and a

the gamuidiéiscdauid Brisodicregemainklaoreeg Ifcaset hglarege'ttiing grangibtec tHaeis easy

yne to a chl pl.ast host
and cffBiont T SRR AR FHEHTE w6, s Bledrg pdicieh furtnaeaecat low
acids present on a vector. Sone exanples of the host
cells contenpl ated herein include cyanophyt a,
prochl orophyta, rhodophyta, chlorophyta,
het er okont ophyta, tribophyta, glaucophyta,
chl orarachni ophyt es, eugl enophyta, eugl enoi ds,
hapt ophyt a, chrysophyta cryptophyta cryptonnnads,

o, o
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I i nal ool synthase, E-b-ocinene synthase, epi-cedro
synt hase, a-zi ngi berene synthase, guai adi ene synt hase,
W@ 2808401 adi ene synt hase, cis-muurol adi ene syPETIHS®)8/075866
aphi di col an- 16b- ol synthase, elizabethatriene
synt hase, sandal ol synthaseg patchoul ol synthase
I e n
operaﬁgx%hg ?{’}?{asa ?%51?29 reﬁvﬁﬂﬁ% Iefsy g?/gn} agogl%ﬁlﬂ @SO rfagM rp%ﬁ&ng for a
longet ast mnoasliatlhdewdod lifetmieon process nmay conpri se one or
nore of the follow ng: harvesting a transfornmed NVPQO
harvesting an isoprenoid froma cell nedium
nmechani cal Iy di srupting a transformed organi sm and;
chem cally disrupting an organism A m croal ga may be
utilized in sone aspeBR§Hb$UﬁﬂM§Rﬁhvention and the
mEﬁn\l/ba 1rgent%o glt%ﬁg\g%'ﬁlrgglr&ﬁ%r at 11%}?’[ erm Plg[Sran[slé{o'tr Itlba[t é}&(iogporates a
gate ¢108Hotke frfpibtibrly ehedhismNt: ﬁfst td@t@ﬂ@%@ﬁbmblﬁg%ﬁilﬁﬂ% nanotube
provi des an organismw th a genetically nodifred
netWOémf@? HHPEEE oegesi (holeh eorcelp@rans). st acssmndu degirage for injecting a
n r
compg‘:%\%%gr ol ngti h@&g{g&%%ogmhé%%p rg%)% tgveﬁ)%? eHl%h rl‘% perc%rgﬁlmmescent

semicendidtariapet disfgpyeh 1rﬁdfimﬂg1&ﬂ t}&niizﬁiambb &eaﬁbrWB@ the electron injecting
ecifically D. salina, ridis, D. tertiolecta

layer.J o8 GetmBlfn .h?éﬁ‘ntnsecn@wen ﬁﬁgﬁo%@%éyém erisriifiht Tﬁ*ﬁ)}w]es and
electr6NTRIhBiGe QP ng ﬁt g Qh&%{)yarcaﬁé?ﬁi%ﬂ{@ @Q&tﬂﬂﬁxﬂﬁles £ Qemiconductor

provided is a for preparinhg an I sopreno
layer moamit vsitdglightansf or m ng an organismw th a nucleic
[ i roduction of .th

'a I tgﬁ’&“lffgsc ro%ﬁ?eéli?‘g?nlflallét 2 e,ﬁ«’f clg, e 16§tm1 of It]hea electronic contact-
bamep Gy Blel Jﬁﬁctﬁ)ﬂ\’de[@&ﬂes%gle %ﬁ &%dnel%bﬂlge§ LS%NNTS) and two distinct

i soprenoid. Such an organi sm may be an
organ@p@mlmrdapﬂoys Spesiid mbo-hnenns rrpkatesto tor dovicesra votiedtizeld effect

transigtgrrr%rrlcf gae gb cgpklg nd Sl’zltn@ sh :I&h :q,‘qtcﬁ]e h’{ﬂ%?ur}gg‘t”gg’ﬁé readily
facilitafe@t BN GRS spédifec tpf@grasstis@rm 172 %ﬁ@cﬁube% Al6WE AhORIs@SIf low mobility
transformation. In other instances, the collecting

Semwgtl@wt%#w moplsl @hewite hegoasidered wastighledon figld stlegigrangigtors. For
f [ b e

e HERHRRL AR SRLE L SR ORTRDAEARN N LU RN P s
deﬂcdhﬁmnﬁﬁjng said organism or (d) chemcally dlsruptlng

said organism [0013] The disclosure herein also

provi des a vector conprising a heterol ogous nucleic

aci d encodi ng ﬁ@ﬁﬂ@ﬁEg@Rﬁfhﬁﬁ@t@ﬂ%Rg, cing

enzymes; and a pronoter configure or expression of

s HighmeUucheive amexemplaryenghdinsnytnil heleiice badit erdsant distlosure.

nces, the ph tosynthetlc b iais
o iond: GG b aam b TRa Mg oHeny A bringEs  fean exemplary
emboi@NAF df JYMARE AGNSHhS netRWAE GROSHCHUS silidhydhder, with a scale of 1x1
Athrospira. A host cell conprising such a vector is

micropy ovi ded. A host cell nay be a cyanobacterlal speC|es

SHlRs 8B CRERE aPbod HFaCAS YO PHEN Psiape during a

experﬁhheil@ lix0sHlch theIpith @ireldl@ Pyo\dest By ¥ie tindd 1iGOdRAd SieN@iniédnductor is p-
first nucleic acid encoding a protein, a second
dopedriifiqodi ¢ aci d encoding a sel ectabl e marker, wherein the

fi C.a .

" E‘Ea%.\ltrﬁgtpgm&%c %g[ﬁg&{gét%rnoﬁlo f ?@%%glﬁg)g%n?eg 591? gvro?thé‘ applied to each
nanotebepnewsilosilicdn gaérthck IfD]S twa ddﬁﬁemmﬂ)umcdrenmpcaaitﬂi& 6M04a and 0.3
non-vascul ar, photosynthetic organism In sone
i nstances, t he protein is an isoprenoid producing
enzyme or a bi omass degradi ng enzyne. In other
i nstances, the isoprenoid produci ng enzyne is
bot yrococcene synt hase, |inonene synthase, cineole
synt hase, pinene synthase, canphene synthase, sabi nene
synt hase, nyrcene synthase, abietadi ene synthase,
taxadlene synthase FPP synthase blsabolene synthase

. oy o . o

volts.
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organi sm and optionally one or nore additional nucleic
aci ds encoding a cleavage noiety, a secretion signal,
W@2108/03600r1 a conbi nati on thereof, wherein the oPEI/U82008/075866

nore additional nucleic acids are in-franme with said

first and second nucleic acigds. The host cell nmay be a

p yathet a I a V.

plr'l‘g%lﬁil%o? ég %yfé)&‘nglr E{())@% pﬁotloﬁiﬂ Uﬁ e opi )c/:t@%d 9&’(91{}9% dnfbodiment of a
deVICheféne@k@nmtachtsare tri bophyt a, gl aucophyta,

.or arachni t.a, oi ds,
h BRYSRRWS %Fﬁ%aé’é%ﬁﬁ @g%\ﬂﬁ??@g&ﬁﬁ t ononads,
diThe Pt mak H&fﬂea%%aeb &calBY W@%&P@M&@ dlrectlonal terms (such as
baci |l I'ari ophyta, xanthophyta, eustigmatophyta,
above; gt ddpmight unéﬁabdey@t@) 208 upslywislp I@pkqtdm thd xhlustmt@ns or in the
I.nstapces, th ost cel rei nhardti
dlscusﬁmn a}ﬂf\:}/alare use% Gi HSY p(ﬂcu Om%&wllpf]d?r@y EBd I‘ll%tr 8 @F’é%?gﬁs The
eleme@tﬁﬁahe G tasGhay B&oBenets oS QS Y&dil§ apprebRcddedyl tB3eOdkilled in
t he genus Synechococcus, or a bact eri um of the genus
theajrﬁ\throsplra In other instances, the vector is stably

[ W#&%ﬁﬁ&?&d& K{C})e gallﬁjgfr:'lé ?ﬁﬂfggvlgef ar%oﬁé ?P@ﬁs 7BS devwe with a

specdﬁxr devicé {TICR emipbitydigh ai tanatube Metac: Udcbrdiio to sy Fﬁdﬂﬁidlnﬁent of the

gani s conprising: growi ng sajd organi sm where
inventipg "&F@%%‘W‘@G P EQUCSHA 8% PGERBEE AERRTEPCNGlEPEk. along with the
wiring '[gr%'}érﬁ'f&g tifd ?éxn&l eF%Qﬁ’é" 7Ae§f%\5§gthfa{ Q%oﬂvﬁﬁﬁﬁéme%gﬁ, CL, in the
open reading frane conprises a first nucleic aci
standzardCEHTan’sqairpsr atght npattachizg fc tred sowrcd eind  deiid @emmdbsn gan issue

bl andwherein th |sn1 ur t her ,
cireur i GeBe T BBt oreghit Shsr et TE Srase iy b ang! width
Cw, WRENid eadivrg1f fradecdi&y §ahdne r&@ﬂhﬁ Mreal Q@LGV%QN R QeHEL R8d drain

said protein. In sone instances, the protein is an
ekCﬂﬂéﬁﬁEsn0|d produ0|ng enzyme or a bi omass degradi ng

n nst.anc the.o

T Pl PRt OERBREg O B AR oM Py SlGreopewre s

showd %u&ébedlﬁiﬂlcd&ﬂéﬁt &f a aurld@bn wg&a haltagePBObOBYRABRAN §stems. PF-9HK
nism An open reading frane 5 further conprise a

devw@ﬂhﬁa@ Micpdily lgepdhesteeds Hgnathe| NRR alggiceni Sy wis indieatpdhe gate
volta%f(?ost\%eé hﬁ'egﬁ({)s% aﬁjs}elgg?&lgug oﬁﬁﬁt %hx%e?%rqﬁe le*:gﬁ-lﬂgl\gl@gﬁga%d Figure

eavi protease,
8C shpas NPd)WﬁETantrﬂchathtagaypdaﬁi@l dditeeiti cattaturper t i on of
t he |on fromfoot and .nouth di sease vjrus.
AR R gy S5 agie voltages, Ve

= .1VDeIgRY . aﬁJi %Weglkgy atdhP (/%%1@5%%5@1%5 yra| r? L ﬁg ﬂ?equpﬁécégétg/een the

or gani sm open rea frame” my er conprise a
gate oxgler4rid the pblemcr ahamhebmmﬁnmy agy set ridtei e(qmlﬂmgnaFerml level in both
th a otheggnuclelc acids conprisjngt

the D3k age%}whg'mfl i ?réla;l?‘ﬁ b men, (imeosb s ii-dot 1ino)
Vem%aL%ﬁr%w bRid §hs %%g ol astordeas %&%Egaaﬁ figgpeter is Snm

with 19 %’ér lJc%red Slfj iy aqa n y S%BTnm);hg ﬁft?gf hBWS nlixera ?rlgliulatéqjl?ructure and the

coordin@t’etsl Disﬁl%ttﬁe nénddasd @f] I<UPS@Hn) e cREmsS pSIRea RSt (e symmetric
t he genus Synechococcus, or the genus Athrosplra An

Pomteﬁ@ﬁpzéﬁﬂmh s biPldtse- use in this method may further
c |
rglﬁ]%Ag%hﬁg{s IHILI}C e%eg lVéa:rél?S désh%%: OU&%% rg’g thae %ggaéeﬁ riga?e voltages for

the VOBAWIsngk filhaeted Th€iduag 10By be an epltope tag or a

metal affinity tag. [0018] Further disclosed herein is

a host cell conprising a fusion protein, wherein the

fusion protein conprises a first nucleic acid encodi ng

a protein and a second nucleic acid encoding a

sel ect abl e marker and wherein the host cell is a
non-vascul ar photosynthetic organism The host cel
may be C. reinhardtii, D. salina, H pluvalis, a

bacteri um of the genus Synechocystis, the genus
Synechococcus or the genus Athrosplra In sone

. o
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acid which results in production of dinethylallyl

al cohol, isopentyl alcohol, geraniol, farnesol or
w@eoamsdoger ani ol . The host cell nmay be a phot cBRgRUSMDS/€75866

bacteria, cyanobacteria, cyanophyta, prochlorophyta,

rhodophyta, chlorophyta, hetgerokontophyta, tribophyta,

gl aucophyta, chl orarachni ophytes, eugl enophyta,

eugl enoi ds, haptophyta, chrysophyta, cryptophyta,

crypt ononads, dinoﬁﬁﬂﬂdLHﬂEﬁﬂ@E@%URﬁta

I h
e A STRGTRTER ) e T GRS AGBp L negsisors that have &
gatind BpteR! 8K 1O Nonirbl §1@Bi?oﬂ1@$ﬁaﬁ§tﬁﬁ§bet%@n Qoﬁxtst %Fcurodesc&npnsmg a

reinhardtii, D. salina, H pluvalis, S. dinorphus,
dilutey hario@ibs, nesworh anedrap db@mlamr{emmsemmn&wmgehamd The nanotube

v s 508 AR LS55, B RO Sl L B s

electrbhﬁnﬁdse@ﬁ Qfyet.r anBROr gt gfitle BRPABT Y Wiukln@ AKeli® Cinto the
acid which results in an increase in production of

clectrplyprivasey leyrs Hidgthsredm Gisovaible lléhﬁeputp}d?&ame&lmd@@re Suitable
o S YD Bl I 08 P 8L 85 B

et gmm,g eldtca'imﬁmﬂ&i Gsed @ chodnlaao@s barrePR ﬁyﬁfdﬂl&Steanspmeaween a

AL nyl ger anyl reductase,
dﬂuted%rl %HWOF% 6‘Pf€ apgnicerdicipg daysy by ﬁﬁ@%fgihag gagent [ipjection into the
c%hdhl hinQUARE. 1175h& Manst Qr B
semi ocrlgg gsgz{i‘ i ans?g@%g{l?%ﬁing 1%9% e z{ﬁaél ﬁtﬂ)l{nﬁm%scent material, the
deVlce hb@xmefsmwgastq: -vbhegeertmynotied Sgkindogemnn dode gGLED) pilgamirsed a light
o an endo eno S enz¥ne of the

cmittif éféﬂ?lg ob g @iﬁﬁ%m@% ik adh SHmPIng Rodiment of the

inventi®i8t 808L8n ehBSIBAY MR USRS Qvt?irﬁﬁﬁﬁﬁss%%gtratg)fﬁfeﬁslﬁi @%f‘ 102 is a
the enzyne nay be regul ated by an i nducib pr onot

transpareat dits ¢leoweds WEP%W maylsﬁlahng@atec@nbpméayer 103 The curved lines

sf o on he .or gani sm clei.c aci
crowif KR BLE 80 fOsr bR R aRP STl RS ey M r sPatigne = aitue
nanothlse0 pefiioyk 1a14601h@§ is @enRai With thardesudiescent material layer 105,
geranyl geraniol. In sonme instances, the organlsn1use

followeﬁ Wyrdaeeord dlgctiads 196no @ mretegtingecseglatanst 07, behsre forexample,
a h hy: rihedophyt.a
in ma%?’g/l 1D o&ﬁytgﬁatgaqwet?%?gﬁgﬂ%obﬁ%e? ggs‘% 41?({)%% y%x_]ae’bts HHEPRY t‘thd second
electrqieammpfej{etc&pnﬁ hlteheuld ®enindgidyod Shat elﬂgﬂc&ﬂ@fpilbét@te embodiments of
._eugl enoi ds, t ophyt chrysoph ¥Pto phyt a,
the nye W&qmgaga st gto HU ¢ feles @pq qua e second electrode to inject
holes.PY{ 11 0RhYS Bm R ltﬂ@irn'vﬁﬁmﬁt e dé@c?lﬁoﬁﬂ) Bgﬁgnafor hole injecting first
eusti gmat ophyta, raphi dop phaeophyta, and
electrmtémgil dcﬂttomnmje'ﬁheg o;legmdl dm:ttmges beltiough ehodeaskdliidd in e art can
uval i s, di nor phus, D. viridis, or D

en““?%???&#e lhgefﬁﬁﬁﬁTsﬁﬂ?Fﬁ%r provi ded herein is a

CHTRAS ichieRInE@RPIeShASnAE RSk BiA Rhylal Aadidll |1fc@§fve with
a trace amount of a cellular portion of a genetlca y

respeqiiei i edestinn nnw@tgrgullaw I96cind pyetetiatd demqgladat)senﬂﬂ’? nHetasenjected

S I nodi.f.i ed a
from 1{% 51?% C@) tzgvr? Ten ogencguséétrﬂléﬁ éI?JSTe[S% g‘!ffgn %F Sgﬁ%réie fisgigode 106
combl@l?n Sthﬂblh@&@lunﬁi?&c&jtnlbiﬁ@sﬁﬁ g hestubg phaidyk. MEdURiASRpect ratio
rophyl | i dohydr ol ase, pyr ophosphat ase. I n ot her
(lengtf ntgt%iﬁ@@f@r) af &l spesnbesta lgrws He Betyans dmbeselectrically percolating

t: e
(eleCtl?%ﬂ?H{é%?éggﬂec?%@ {)lgl u];?i}Fe ﬁ 13%1%? ég‘ﬁ&?&p?é%ésléh ﬁugatgntlal open
spacesabciwhen thegmnatubei; Afsamseéslmkem,ra @ﬂﬁt&ﬂ}dng%&ﬂﬂeﬁﬂforklm one that has
ome instances, the celllular portion present in th

SufﬁCIEB‘hﬁB%I} SPHEST Q' BFFYSAMSh BB nbHwest thadcdys daver, such as the
electr&iﬁﬁﬂfé@@%{ Rlatial E¥RPD @WXﬁ@thep}ézQ@ hle‘?&fe@rﬁ)@}ﬁ @r 163109RR0Y8n spaces
hl or ophyta, het érokontophyta, tribo
glaucophyta chl or ar achni ophyt es, euglenophyta
eugl enoi ds, haptophyta, chrysophyta, cryptophyta,
crypt ononads, di nophyta, dinoflagell ata,
pyrnne3|ophyta baC|IIar|ophyta xanthophyta

. . o
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bi osynt hesis of specific fuel nolecules. For exanple,

nucl eoti de sequences encodi ng bi osynthetic enzynes can
wheoovmsqooduced i nto the chloropl ast of a phot cBRYRULDS/@75866

organi sm Nucl eoti de sequences encodi ng fue

bi osynthetic enzynmes can al go be introduced into the

admit&&%ﬁ%org BNeRE oo 5iNE iH{boﬁfésé(l@&tP(ﬁﬁlinﬁle%éﬂMHy%ﬁOS without the full

uc_eotlde sequences i ntroduced I nto the nuclear
electropgatmecreemnglithacwoeld chamghizsed oy of cantiguiisosigatrdiizt inc place of the

nz I,N e cytapl.asmqf the cell, .or.m I rect .
nanotlgl%ec%g%rlogi.i :')lﬂe ogfa¥et ﬁ‘gldb’?@é‘aﬁtﬁﬁ i garlélﬁfz )(}Ff%gltplnl}ittﬂee eFectrolummescent
materfa 1105 P kigsticRityt dfahphetenat hed be 1 Bainids, th8@B ndiMing the

of the nucl eotide sequences herein may further

barrieg gorppicsieanspeié detvercorthe dwntmaerigdaquéncgate Relguthas cestrols the hole
- nee n,inc e e or n f 1

e T SROUSIER E00 1A 5 S, IR o G sy o e
devicel ements, 3' untranslated region, 5 wuntranslated

region, RNA stability elenents, or translational
e oS tuRe peBtRskethahay elsstrisally gercaighiag g reagly fabricated by the
0 L 0Q: r el & e : eSS ' ‘
methd A GHh M0 B E IR or AR P RSN BIP AR 2o k0L4386 (e w546
applicatich)a whitdl ®achep nirifeicaticanyf dfutehacdtub@yctberia that ire @lectrically
or. synt.hetic pronoters., regul atory control sequence
percoGHRE pd IEHEL FHIE O a&%lﬁﬁeﬁﬁl THICARACEDY AAF MY UMaee O an exemplary
embo@Rhl 8F sSEAHERGEEE nERRILdB4 3 RICIPHSIIRRA/ Wifer, including open
het er ol ogous sequences. I n sone cases, contro
spaces befuene ek ctranallp entbicamieetbdnanatubks. s Thé dahvicagaumethod described in

. uence and a, second. honol agous,. sequence, .The first .
the S A BB ot GG a0E e RE e At oS AN o edny b making up
the n&RBriNU0Y @t AA@S ailfw! @RILhtrol N MEMPARBAUS SRAUGRAEE Detween the
can al l ow for eitherhonol ogous reconbination or can
nanotgss. t'bhg pangtecesurfiee Wenwyolhagopmizes device operation depends on the
f.acid i ene, expression. .[0032].1n _so i.nst ances,
charac Btict bOWE S0 RSP QI Fla dulRET b RTERE
P Msiutdtiof €o fohole-anjpdtidh e ynihef gapenfiehie o€ €l dontabnbirfies 6t the nanotube
. cases, the nucleotide sequences herein nmay encode a
semicpp@rcrnintcRiee armatrernsiErted mp (hawasinorighiscs .culiel it e exemplary
devicd AcBrdfio REG &‘Lb&ﬁn’lglflt & tgé fgl% n]c QPR A 1! ?enﬁe??'ﬁ%rgrogiﬁgd by an
external environnment. [00 e present 9 nven
ionic dihsid @ikt eyl atcesdwatigaricstedd mathsd guteedchettiib lhyee, amewhere the
. or nore nucl eptj.de sﬁgy nces, or expressi on vectors

I e
semichpugias Is BYOReGIYEH- s b dvieegs symmsBiqAipHbE L EsHerl @line so only
one oPBLEhCGRPe R clBmPnt isUMEE. | LIyRE 305 iiH60b Gfl tddhBfing e layer that

exanpl e, such organisns can be multicellular or
has bemi geliddudway &bgatheaniddicapatiac todrtha p-ddpad séicampliesrasf layer 306.

| gae conte ated herein. include rhodophyta, . .
paltay R T o B bR PP B e Javr. provide clectrica
contad! tBURO RRYItAbe BEMQFIAT FEINNTAP MYASEhe BUGIBROBEIS are draped across the

hapt ophyt a, chptonDnads, di nof | agel | ata, and

contagy ggqicam gl dQvoosup tharkere silicpre3@fr panisids intimate contact between
t ' beJtransient|y or stab

the o BTN BT St b SRR, Tl YaBh BHER Wz e et

nanot@lesetv k@B erMecmanfiubd setabtiy 301 bietherlof ucddspnael at iR source and

product by the organi smdoes not render the organi sm
the nefwnk 391 on t[ng@lgé] 1sﬁ§§1gﬁ§t§% anthei digianths manptype networks 301 on each

i FORETPLEAR? TR 5 AR LU P o o
approgidiyozppnohietatety ©rcganismalli foteradial, Skpr Bsppbed v@otar the source and

._grow.ng the organis nd. col |l ecting the fuel product
drain frgATsdia ete[?gtraﬁlie@g?ﬁiﬁ?d "%‘i‘?ecuérfﬁ? s él?eaﬁurs%c%f By Cwggpt path goes
througN@RAGi1RoPT AE tHerdfHAL HRbIAN the REnRLRSHNEHLLIEFRRL BYaY%ch side.
of a photosynthetic organismto allow for increased
production or accunul ation of a fuel nolecule. The
expression vector mght al so encode regul atory
elements that alter a native enzynme in a biosynthetic
pathway to allow for increased fuel production or

o - " e o o o o o o . o
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[ 0055] Figure 18 shows a conparison of xylanase

activity from exogenous enzynes expressed in the
woewbes®7and chl oropl ast of C. reinhardtii. [OBGGPS2008/075866

Figure 19 shows Western analysis of C. reinhardtii

expressi ng endogl ucanase fremthe nucl eus. [0057]

son B 3030 VR 2\ bt BB

301 ap8 SiHEbsHWENDIOON: [tBO5@]ic Thyeiddeperi02i nVkeat i mwer eluppléss connect

t o._conpositiong and thods for, creati roduct (s
clectrie|lhgn e SF tﬁﬁﬁ@%ﬂﬁgsgwﬁa ¢ G}%ﬁ%&%ﬁ&de%‘% bitbon the other
side th BEb@NEESectiode 30D 04 AHRLNRL heQb@aNLSIAR0Rr € NoNn

vascul ar organi sns (e.g., Cyanobacteria, algae). As
détigire édshvevrsethn, medubgivnviaskl with piotansy gethetoltege applied to each

i NVPQO b d wit ;
nano BB S 155 SO Sl e R TER b and 0
volts.0MBe Yatd IR o€ EABP niddatate fifce@insh i@ bRFRAUSIbRNeRh ihfdfrace. The
product (s) of the invention. For exanple, an NVPO

logarifhsnig . current scajenpraseats thy megpitbde of dreshodweidona rhthgrpebmdiment of
. r ej ci ds. encodi ng, enzyne(s)..(e.
rigur3, BedHAREbE R 08 LIRSS b Risgnd s much targer
surfacf deeity tHae showaus Figine of Mevdemblesy tiy pAUsty ¢fethd network 301 and
bi sabol ene, squal ene). The_ product(s) produced may be
the flaidity o] th? 10TR¢ ligpid gabs gllegqrq)cy:, alb}%@g(@eéﬁ t(bg,het @otube network-silicon
interRRQRASUNLAEL 6 BIAROLAGY, When natural |y produced,
producti on nayabe enhanced by introduction of the
ndtk evereaicindgulefiort Aescpib@bat dndveiiw ehouldFant Bx aoipiuesd with that

transformati on of an O with one or nore nucleic
seen léc‘ioa‘ée_“é’ﬁggd}aﬁ@tugﬁ EW@@/ gﬁ-ﬁﬁ_@”ﬁie_@f gt RS o d G fBgg networks
of theaprg%%'t 08 hoPli@9Y Elosd & e pefdoBioRalEiR s cHvARMEA8otuBBYetworks
result in increased production of another product
for cqnaemfionaphartotbe. nekworkthias¢d Geldesffachstmmtes., Foubkpécpfieembodiments
roducts mm e prod dDb transf orned. NVPO and t he
of BT e o Gt B A ReCHF rignontanee contrbutes
only N@RalNEhdtioalth YheQBeHHIIhH@ilatfn Fo&@¥RI Nation thereof. The

conpositions of the present invention may conprise
miAohes smbpdiment phthieynemgon das dexies sdometyoshatiindiigure 5, where

the na%rog,l%g%teﬁvdrg hgs 5%&1‘6&7%@&%‘1&9 %s é‘)de%)l 1'68 1n %1g915_63% %%%?45 illustrates a
secondl:eemplaby ethbbdimbnt/of d d8vicd bPthelpréddnt kivéftionl : BOthisléad€), the dilute
1:50, 1:60, 1:70, 1:80, 1:90, 1:100 or higher. [0059].
nanotyprengipgHucq rrFHicarty e cHmeadingy) Heseomiop it @srnm fiick, gate-
dieledRi S8R Jay BV PR pLd¥ !e&' 4 sﬁysq{apecﬁﬁﬁfﬂglﬁa%éqgs Y %ra&:céa}&gﬂﬂe. The
erivatil ves. n certaln aspects, the hydrocarbon
activeasmitioondbetor iagar V4 5 @arlccsdpnensceht (@lymmart péndi, dp . anTeemplary

I,.SOpr enoi conte at ed he. pr esent vention
embogd !‘ﬁ_p&’i%a(%g'ﬁ‘t%g%_f“oé%f‘ryg‘én%‘%’tygrf@:@vhet"ﬁi_' &arERDEdSC F-OHK).
The t% BERARENY plakiMem tefectrblid 1ayeRE @R THAL QBRI th LXETR G gure 1 in
i soprenoid of the preSent invention nmay be one

that theat emal leyel mf pdativeth bgs mheh PO torthe highestt scanisitd mmdedudar orbital

1o Sy pEIPAPHe BT, E REBELSESPR 0flr ol v

Withdiit NgddBeh ERRLtior il QHE ATUMD, tthe devReanta ivARHI ‘A1 BY1y” device
al so contaln one or nore non-naturally produced o
(transpess pi difopd¥mphisgadrieied o thy HRMO) apbdecsrt wrmat light, obviating the

[ noi. d i |y the, p e .

rect B SOHGRE S D IRIRye AS0L b ey DRSS gy s e
for danhganiating Thel &fficaoy |ofcthe ommtofin tthedupstogutie cyack rBaalioreacross the

di sruption of one or nore cells of the organisn(s) of
nanotpespoly@gewterfaseent i on and/ or col | ection of the product

fromthe environnment surrounding the organisn(s).

Col l ection of the product(s) of the present invention

may involve collecting all or part of a liquid

environnent in which the cells are grown, isolating

the cells fromthe liquid environnment, and disrupting

the cells prior to or followng isolation fromthe

o Y 1 o M F A
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(transpl astomc) plant, e.g. C. reinhardtii, which
conprises one or nore chloroplasts containing a
w@oaloygmswieot i de encodi ng one or nore het er ol ogRUBUS2008/075866

pol ypepti des, including polypeptides that can
specifically associate to fgrma functional protein
COTRIFEY - shbwR AL BSIMNGEE fRT BRMUSTB0df FIRardP5ESERL gate potential
i nvention conprises at |east one host cell that 1s

inducerpal ¢ etllet of yageitadeechange odihetsoufcoigain (Mgmmheqqlatlnum electrode)

o B DS A0S b 0T AR ALY DR 1 e

relaummmt POMAMOQaekdledttiOnyef a product(s) with an
ex ression vector, or a linearized portion therof, for

| esbodimenie pBthsanpergigndrelade thediserof setansparen scgbstalte and a
transpg{ ?}g %gt I(ég%rroghﬁclg{f gf; gx% %ge)cté‘(ﬁﬁlrr}llgeescgn%ts%%%anﬁ Qtor and a low work
functieX RaBS8d pErmMMBCtheldeviRE t@ fhndmaarasz@gata@bttagmmbaﬁmﬂ ligh@Bmitting

encode one or nore honol ogous or heterol ogous
diodeneyighle Hanpatsib ﬁ&@%ra(eéempkvéu glass andnplattiss pubstrgiani K example
Iy
sl 0, PRSIy 5080 Sy B0 0B AR o
0x1de®1rgran$p%tr@nt aaetobe filnos sudhhast d@mmnhhmétﬁgmcﬁxmn for example.

et er ol. ogous pol ypept.i des. f heterol ogous
The oGy WOVTETE iSRGt St 1] SHB0R Py OGS PRUGHrn oreanic
molec@leg 8t a RASEnG&lal sdifticdiitd §exﬂi%9§(§10tcfr%ﬂ&}pﬁc@ﬁﬁ | i%r el RaL .

pl ants, photosynthetic bacteria or other ‘al gae.
Eifacrpzl'@k fofictaut of agmmhtmcdxe)osaddmcgmqamd qmslfteﬂactarbxmnnanotubes

nsf rmed i nto n al host ceI .
places” gt BB GO Gicon gdnstine R thi i G REatinPcke hole band or
HOMEN 'épﬁil@stf éPéctﬂéhﬁﬁﬁbsﬁ@ntV@L? bhaRsr R0 68 bbSigRA RIS indbAtibrl M readily
phosphates (e.g., GPP synthase, FPP synthase),
prepagsf deftfen tesdipite n@mﬂs isamade froyTRsh f%@ﬁlb‘tﬁethp%sb’AVldath@k injection
r n nstance t 0
into tl?ose &12&%%%&9? S%g? gntlg %?%e khv?lo eV IRES ST‘Fl USelsglqu en?]%délzat%sr the barrier to

hole iﬂjﬁmbﬁ) Getitees e bl Qﬁﬁ@t&bed‘@ﬂiﬁ) kg E@Smat%ﬁldE Nae Sexemlad @mbodiments,
t hose that have at | east 50% 60% 70% 80% or 90%

partichlghy Seigaple BL mméersdyhrasdels andner HEMOdeydls thphliapgag the nanotube
Fernn' 1@§éla%?§tate§ v@ﬁﬁi‘? llogQV?g %}?@Hﬁ%&lé Feﬂlq%?dthpﬁa{ld’{@bes SPossess a

aut ol ogous sequences rst and second
low dsmsqyeﬂ cestromatatesr eliosricmst ﬂhaimheﬁlaﬁcktebdwﬁémﬁdé\wg omsbe shifted by

uence.into t t he r
the IS NG L BHICHOR W&S?f;;blﬁ &efige el 2% o P spree drain
potentjfgoancgqu 20 AQBc HelRO0 AU eQlHIETol NatE rﬁ%d@ed modulatlon
[ 0070] The expression vector nay coiprise nucleotid
exemgayuenzesmtitatof dhe deodonsdoEbswatefias Waﬂph@lsénauds pn HtOMO levels

i AL B SRS e s S 5 by

hasbihee bbnsideratpadsr He sauehledcHBIuGAHQRSN tRatERAGE that @&s intrinsic
given am no acid. Wthout being bound by theory, by

carriey; d¢nsgy a0h b Pagisklarly Ipiges dptleel cessddrslarghimtiinpiecastier density, the

width rfﬂ{l:hdeg elt18H 14{%)’ thtﬁ? mgj%eesa&pet{le bIltlllee{‘ ?oel)%{lg érgé‘%f)gpt between the ?anotubes

and tlﬁeEL maﬁenmahs ﬂhﬁl d@lﬁld ﬁbh@e tda:ndeﬁ b ﬁaﬁnf&fs GRRes ﬁid:CQat& Hald to be
its. frequency of  codon usage approaches the freguenc

screensel Tpia MEpS M8 otidh apRiage0ls riopHelnfo e Eleimaterigl. shhpse elfects can
make %H R 508u]a t?(glqgrﬂh% £ oF'hl hRERRENGREL Rt &80,
one an organe e gen nes t hus, "codon optim zati on
obkbmasmnhenwynw@mpmnﬁnuWBﬂaﬁmmmnbemmanggbf@&ngﬂeﬁekiﬁmnthe
. (e.g.,.,nucl ear .codon bi ased, ,chl oropl ast codon

region, S 86 L TRHE AL SRS BPVE HETh GLBRr T R erioB contact). Such
screexﬂﬁg"ﬁq%ﬁésl ¥ didulf tzhne baE RIBPIE ofNal cuweﬁhcﬂaﬁn&mrekhy aslove the

nucl eotide position of the codons. Typically, th

rich codon bias is used for algae. In sone

enbodi ments, at |east 50% of the third nucl eotide

position of the codons are A or T. In other

enbodlnents at Ieast 60% 7096 8096 909@ or 9996of

1. . . L ) o " o o o s
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insertion of any of the nucleic acids herein into the
chl oropl ast i nclude those disclosed in US Application
WOR09AB0AY 0014174. The pronoter can be a constPEUUS2088/075866

pronoter or an inducible pronoter. A pronoter

typically includes necessary nucleic acid sequences
nanotﬁ‘l?e%rthatt h@ncﬁ%ﬁﬂ% o?bﬁ E10f speAHES EhbRtinRh, (h% Qurre@ Thdfdel that is

el ement A "constitutive" pronoter Is a
normqilrymmeé wvig hmtent pathwkys/lgingrtd elne sioest ofehw narotubesteheratia gate field

devel o condi tions ‘1 nduci.bl e" promoter is
has adEREPe firrd $2 Bl ORI 48 BNPEYGRABHERITGRe bosses A HOMO
that LiEEYEbW PRl lcfv%Qd)lﬁtﬁé h&btufesanpl es of i nducible
pronoters/regul atory elenents include, for exanple, a
nistitahtle exatmpﬂ@dﬂb Ineatmahrmcétde(mw nembgt of Piaequlayppolymeric and
Bi_ol 17 9 or..a.li i nd |bIe r
oot psfiet ot St Bib SRS, S0 iy Hovo
energﬁlnlévéﬂ;'lutﬂat S@tyal’fﬁﬁn 248 hibhl af 1990)eV; @I ach@at for neutral poly(3,4-
responsive pronoter (Muller et al., Gene 111: 165-73

cthylgngdjgpythiophgy SPEPRE ettt if dow Hisoeh EYsfor guiddisyafotidophene).  In

manyrlﬁgtgll?caelé d Hea})l %(P@M@&%@B egsg ;apeg Bgfﬁbéfa&t? 8%{% L%;ec\é@ 1{11%11}escent as

ﬂlustm‘(hrﬂ drychd hmtenallsmeT ablé ew S@mmdarﬁtbc&iugem@ 03 tl&Slnt/aittonf 1hl:(ﬁ‘porate EL
and "maps of the chlor?plast genone"” | i nk)

materb%ﬂs %‘rle& 3 S9MEo FRBRALERENET 6Pl BY 10ef? ef‘rYeeW](” h %mon81dered
relatlere(lg\r/ }%&é djéa %{Olﬁ@’jngteggls tﬁge[%gsepub il k?lh’grgg',a ﬁﬂrlx and ohgomers
can bhbnadé%%gﬂg)purﬁenéram $tybletahé theighteiogic cbarrsaeqmem&anén are low,

e .chloro eno DNA IS .se d ch that it
leadlqg or}g\fv gx 1;% 3‘8}1‘8 657\’€ﬁ1é lrf‘C\iS@l%‘f (%8 gvsglb%? Akomgny accessible
materfi®S YEREhN egmbfggnﬁ%%@taﬁeeoanmw the! HONIY 18v D ENEe fubad.
i f dlsrupted due to the honol ogous reconbi nation

event, would produce a deleterious effect with respect
t dabkelc hHONQI edtss foora esdaspoierepresentagpd icosupaind gblymers and

s DL L8 SRR L AcRIARL: oy ETL i o

containing the C. reinhardtii chloroplast genone
MethSEAUERER yFofp lpénefyeng%ymefgabmw codi ngs. @@f& to 546V
Oxad Q&eﬁglgdaﬂ 19@)'11?%5 A ﬂg l'oropl ast genod F
or

OllgO -di 7-0C réene SequenCe usef u

auyle tfion. 3t —5n5p \é
e R NS
Poly(¥, &mﬁggg S%Eco RI S|{S%l;at Iazoﬁtcpggstle Ingvkb
Poly(lig agqpdidgiibiopleigs) 1t§ & erqupadingosi ti on 51280 5.kpV

Dlph%l@éadlm¢ nlenﬁkanlfe)qhé%yrems the URL -5.410-6.0 eV
" bi ol ogy. duke. edu/ chl any genone/chloro htm ", and

c ic i.hg on " s of the ropl ast genone I nk
1 G g pPRRR pelitalie 8 BirE et sah Woleede oreanic
emittepb dﬁlclﬁ'ﬁl}ihgatméﬂBL chblh@b, 0%t€§ﬂ'®%n&@@§ CRAAMyorescent dyes, possessing
y/chloro/chloro 140. htm 0076] A vector util |zeJ)
charagterigtige srslrtdd@ i foe th¢ denisei ﬁmetmn on ahgocwbedimentsadin thengvention.
ddltlo t confer
Repregéntg{o aqe %1 arl% - glrr:ﬁswg)gleve S fnﬁﬁ%yeed %Sabfe:}ﬁcl udi ng,
for exanple sequences such as cloning sites that
facilitate mani pul ation of the vector, regulatory
eifehtert SIQM& vangsdet 2 peisr PEEPFSANIBRYY freall melesyle gFganics suitable
for usk 'Ir%}ﬁl%dlﬁleﬁtggfﬁlfe AHELSRLL G maaleRges contaln ther ein,
sequences that e de a“sel ectable marker, and the
I|ke As such, the vector can contain, for exanpl e,

e re cIo sites such as a multip oni ng
561%ﬂ%éguﬂﬁgﬁﬁm€@ﬁﬂmﬁ t need not, be position%% &Lch
Ehﬁ4v%d?§wﬁgw@@aﬂ 132l nucl eotide can be inserted into
44*b$ﬁ%{%ééhﬁﬁmﬁhﬂnﬁ%@hgnizely linked to a desired

el ement. The vector also can contain a prokaryote
origin of replication (ori), for exanple, an E. col
ori or a cosmd ori, thus allow ng passage of the
vector |n a prokaryote host ceII as mell as in a

g, rr\r\—)—)1 .
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pr ot opor phyri nogen oxi dase (see U.S. Pat. No.

5,767,373), or other markers conferring resistance to
waeoobkesdorci de such as gl uf osi nate. Sel ect abl e PEF/K£2088/075866

i ncl ude pol ynucl eoti des that confer dihydrofolate

reduct ase (DHFR) or neonyciyyresistance for eukaryotic

naphtk bkﬁq?ﬁ§5tﬁ&£§&ggl|ne anpicillin reS|stanc§8fqr
4.4 B?J? € r%/}?én fvl e 1a§ b1 %hé{? and bl eonyci ng oy
é’

Fac tr ci.n, kananyC|n
ad4’.

B 'E Eﬁpﬂ ot
é?&’ enbl any ptonycin, sul fo(r)1a:nI glena@é eV

sulfonylurea resi stance in plants (see, for exanple,
MElePEpaeTdative matellwlﬁ fsde digleptrisdey umasdntlade Bbiordggnge of

msulaﬁggga’%&héespor er ge’ﬁ IquQ%rg I\c])‘{} Br Oé’ssgé?’f’ %gg)é‘dgl)a no>

organizhdonipophésdush af Phiyiine holnaind, @ol}af}&ﬂeﬂu g&lyinﬁde,kﬁ)l}ﬁffinylphenol
rec?nblnan protein expressi on have been reported. In

polymethyy p@ﬁcryiaé% é}l}p@pobfgﬁé%awageéf gseanblgd Bgnplgygrp and combinations
hl oroplast of C. reinhardtii, but, in nost cases very
ow anounts of protein were produced Reporter genes

greatly enhance the ability to nonitor gene expression
i%.a nunber of b|0|03$cal or anj s chloro | ast s

0

CRICGAF 5 BFERAIS Frghe et P ”?mnaﬂédegiea% ygloped and
un- do%/@d s a@%n&ucﬂrﬁ%?ox% s@g‘pas 2893h,01) gﬁ@! (@(ﬁ) do%ed with metals

osphotransferase (nptll, Carrer et
such a@eﬂesn VA 2@ @ﬁandlmpmb@@ewus fHere®f. aﬂemdsetntaams fnaterials may

.erase (.aadA,, Sv nd i Proc. tl. Acad. Sci,.
oo g GREER 30 3 Ao B AL B U e hE G A B IS Spabeaepons
theredfSsAOEIDNs ®IpedkemicBh@ittord suchkdp2@9r dobBd S92 Lpue hasn
used as reporter genes (Heifetz, Bi ocheni e 82: 655- 666,
2000). Each of these genes has attributes that nmake
t Abmreprefentative pm’ttr?eedss algfvecit orropleastivy emeereiepfoeyeiidnthe device
ease of anal sensitiyit rot bi
can 353 e A aepre Sy AERET e el Ao Reds of he invenion

dependingdb@She @p&tefic M1 al@drRYQE], PERt RichiHoRAY @nB8&Aron transport Iayer
expressed 1 n the chloroplasts of hi gher plants such as

betwea d4yiersubSt 4ndr i Mg rdieri ape@rynargbiokestranspert &ayeisrigtween layer 104 (the

{8 SOATEE 2P 985, PEEDIBLTELI Bt 1t Brr e

betwe%ﬁ) Iiateﬁtl(w phd tHeSEB Uy e 1 0% the ghatfiel Bnidekisadiole injection into the the
333-338, 2000), a.potential biopharmaceutical.
ﬁ“tmﬁﬁﬁﬁ%wm?EW@FFQWTH@HQ§OH%V%LB§@h expressed in the

Al R608b&Shrodel it l;
rgi n&ﬁ % #’r,o (el udi ng agg‘kb%uegﬁr ge}ﬁh@ t@ o (Belrnrtr%rﬁhe light emitter
devic@du&tdclud@cl‘tnhs dRe snot 119:c4683ly4 i80tcd 98] ; impes\gdslifetiches and simplified

electr?ngg issh'\%i/_lésm | %@%Ve,ﬂﬁagez g%éggéé’flﬁe%%g&é erlilliis%ﬁ)n lifetime of

LED 8&%1&%7&1@(}3,elele%%%?’gratlléhhrﬁjﬂ@dtﬁg kromeha qu&‘/brmngf)@HQe voltage
307-314 1999), Renilla luciferase (Mnko et al.

bias dm to Gaate @de@nhaaeeznmloﬂzlse hodo njeaneh tdae mmproce Tlifetimes of

embo%m}/en S 9 %ep%:%}fgzp : rl?ﬁ%ﬁ% ﬁgdl{g{ﬁ:?l{n oﬁc hrﬁ]/te)ltp\(/)eb %er%{more gate
Voltag%ﬁﬁdt?&é H1dinjBOR pro i @R&hbthEhec¥e6 bOERCHGEE kR over the device
herein may contain nodified genes and/or open readi

0pera1ﬁ91?ar@ﬂewertﬂﬁ1@nﬂhﬁﬁﬁloarf§ thg clgefFenipseop iningriks}s pr ook e & ot%r display
E a protein of
sl SR BRI B ARTR GORIEN O, A PO O
I A $BTes arfﬁaﬂchaffecs trahkletot Q@E”ﬂ)&m bhichn gpt fieleintags Qarrﬂ:rs in the

tag pol ypeptide. Generally, i tope tags, conprise a
activeglayeri RerBHNG GBS D AloH; %ee& I sosEsedsireig qegofiefe Fighres 7A

and 7@%&1%&%6 39N hattbhh, éeomhh&@eqé@rfa@%mbﬁm%th&fkhﬂe%mre of a
short enough such that it does n Interfere wt
activity of the polypeptide to which it is fused.
Preferably a tag is also fairly unique so that an
anti body raised to the tag does not substantially
Cross- react mnth ot her epltopes (e 9., a FLAG tag)

e o o

there
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Rev. Plant. Physiol. Plant Mdl. Biol. 42:205-225,
1991). [0086] The term "exogenous" is used herein in a
w@pas@ri ve sense to indicate that a nucl eot i BEI/US2008/075866

sequence (or polypeptide) being referred to is froma
source other than a referenge source, or is linked to

TFT §@c%?cﬂﬁilc@% 2o 1ol gR¢e tflé) IR q@%brﬁ@s‘t Y& {hlg onventional

I's not normally associ ate or i '8 modified
TFT mwdhch ﬂwtsoutce i761, avtize fayenT@2hatd drsinrie8 anocavplahyr w1th respect to the

ass reference materj.al X le, aq .
dieleciis P, G 05 i 5 s St o e B Lo dibtrSirgs TH. active
layer T€3 RRG lirdi® 783 RUGHEI0) 81 RAHYRDES e AlicldtRd @M and gate electrode 715,

chloroplast, as ar€ the conponents of a reconbinant
hencerthe Ideﬂlgnaaon ds mylmél@aﬂl f?eeld @ffmt itginpigtor {\OFEEX Hnpthe VEET anchitecture a

| eoti,de se t ve i nked to S .
coniiffy B GRBECHIEOGe MBEnF o Plelet B oS e Gt Men the active
layer, HthE©8 ﬂ@@ésdrﬁir&luﬁeﬁ@htoﬁ)@ Bk 3 éra%&?[sechﬁt"tﬁe Bdtir8d tlectrode be in some

pol ynucl eoti de is not nornma found in the
Sensecmr%reégd anaking gosrpusPloade|gita éaldszbﬁ rece glacgode r’ﬂet lbeivn as a

o 5 AU IE UL R 98 MR RgHPL . 1o

embo&imbn5 obée, 1818t MOt dk &/ ﬁﬁElgﬁrféBKE dRe gitedleld-P510Gs sd\k’ﬂ:é electrode
Acad. ScL, USA 91:7301-7305, 1994 In sone
721 i goRsd ARkn s Single| BilbsrRer napaliBesYRitsheNni vopapsact pad along the
A =To I f
peripll bP B UeDRp (M oAl e MR Ftcc b LUEl bl upply. The
netwarkcemrbe Iaah]ud)snlagér thhteis exdlggod shd:)pheacmlamm thinesht kit gl’ébte that for the

Ve B 80T L SR O DTS RO

almos®farbiftatily iint R&NBEL thM hdedr REAUPH Z8stBh SHERode patterning for an
transformation includes transformation with C|rgu [ ar

equ@henil draipaiZBz gsde detctsios]24omd Igatvadedtiodd 7pBrt i ons of a
ctor., Thu

e EiRts 54 R BRARPE e Bfnater 0T e e i RSk Hp B Vos) curves for

embo@infeitd G th@nvkehti@Rlllfsehidl in PIgub@YC CRMBHJIY[R9, blm&aﬁtﬁ&ﬂenyl 2,7-
portion of a vector of theKSresent i nvention (e.qg.,

diyl)- él@figt(?@élifé -Yb-aphrede)l (PIr8PKotas thd avtime gemissndicgnrdayes pnd gold as
the drafh é@%dé n&l%gg]?ﬁ%n Qﬂl? g&r% 8:}3; 1% tﬁ‘? ’tr]c kl gutdu g&&vg f Figure 8C)

sequences t genom C

for Nw@#dil@ ﬁd@lhﬂlymENmUdhp}ﬁﬁy]nI 1'odipldniyDm st dﬁn’hﬂi@ (OIPDDr @Rl astthe active
'16§6£RNA and rpsl 2 ?enes whi ch confer resistance to
semicQRERAQTHBYRfC | I el 9e8 TSR BIoqulates Ahoenrianf 11 bt channel layers by

two ﬁ%&% oF mtgﬁltﬂ%g ggflé 15%%5 Fﬁl{ﬁ%@g@? gg)tznlggg gsno%,ﬁ@%ggseahf thg relatively

thick 8&h gas dictecint stedblle ohtembp basdigatet hedmgé o thitkies dicdetric layer can

be us{désg@g&%ﬁg%ggﬁf 4 Ogiﬁrg?m‘% %#g}cgg{u?qt nquavré% a%asc’:te%fstlcs can
be 1mﬁ)fcﬂ/@§fa§ AR RR R {AnsRMMRGcHSIBGohRadtNh SPHHSR BETs, where the on-
pol ynucl eotide into a plant cell chloroplast (Kl ein et
currergﬂscalesl\]atth the @anel Oudd, (a 119@7)d1m¢’mﬂ1@)ngtrmmmt&m Isulz;;e@ VFET scales
t
with t('l;{lg aOtVe Arfegg%tﬁ%g]a gé’lufri; andpgrla%ﬂg?téo&lé? g%fnbei;ﬁ“ dlmensmn squared) The
on-cufeRCLAN higd is0dle Wit 116 lied st cthhBotbes 1S P RbtelRirode (up to a

pol yet hyl ene %1ycol The mcroprojectile particles are
hmltuag:éwéy at which erﬁagfhﬁ@}éévéamﬁ Ft be seTgsingdhby thesmnetubss thgmaelves).

d%‘é fit ﬁluﬁg; s%é? ;1%%}& hé% ]IQ %Qapg[%rlys?er831§ l’lﬁcely caused by

chargé I‘Uaps fip Itlimhcttﬁzre luﬁd:rﬁl @nﬁﬂ@,}eds The hyetefeedsis &ﬁbstmialllykﬂﬂml\ll&r for the
he art stou, Trends in

NPD digngut ihe4§§ OHK gaseﬁ!@@@feawpé%mﬁhéme|héfstﬁﬁé18aqaad>e reduced by

Inmhﬁ&ﬁg§%pﬂﬁqkﬁ@pb9@8 been used, for exanple, to generate
a variety of transgenic plant speci es, including

cotton, tobacco, corn, hybrid poplar and papaya.

| mportant cereal crops such as wheat, oat, barl ey,
sorghum and rice al so have been transforned using
n1cropr01ectlle nedlated dellvery (Duan et aI hbture

~' a1 A A NN S .
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are not subject to certain post-translational

nodi fi cati ons such as gl ycosylation. As such, the
wW@iogpseri des and protein conpl exes produced bRCHUS08/075866

nmet hods of the invention can be expected to be

produced wi t hout such post- myanslational nodi fi cati on.

[ ng‘klanzl-ﬁ}@ 5r§£ﬂf& TW Meuckot 'léi)%ls @ff the RYGIEQhd ABain clectrodes are

sequence” nucl eic acid nol ecule” is used broadly
selectt{ét(ebmclpwlm@agneé vgléq@;d*m; ehedﬁlghm ogrupmdrleolecular orbital (HOMO) or
deoxyri bonugcl eot | 0 hat ar e.
the 0Pt B0t Hreeb T RRbLLBR Eal B 58 R rlinl. epine o o

hole daﬁﬁé’fﬁ(pltglﬁé)uﬂ%n%tﬁﬁdca% (n\l@pé)m&/ﬂfé R&péctBeRe FOF s@ne nominal
portion thereof, a cDNA, a synthetic

sourceydraynieelsage tsogaie field anebilatesstbg wamise density time thin k%lomnidthe active-
layer/&%%&ﬁ&&% %ri&gg %&cgcﬁgzﬁlnlg n%rggtﬁnieeﬁ§ td%ag:}?%ws b&weera tfie source and

drain.hBr ebrirast) Cﬂ)tJ @mbbainund by tec erirehtio tAYCVEET @kbdes differently, as
mol ecul es, which can be isolated froma cell, as wel|
indicated §§Wraélymdy Ruictheptetigdsmodplingn Whie aodiatinar ef the carrier
densﬂg%roﬁglﬁﬁg lth%ebt o%f;rt%s Iagtﬁ\% 19&%%‘ ﬁi?l&%dl @yn%{nglg%oﬁ £ Be BXSSlble in the
VFETr geatéton f¢rPGRY . thirt asth@ulagi'elbe thieemghingedlrtdnatmddm@tlon is a steep

functlgl:q Q@Eéeg Q%Wte ayeééﬁ{cgn g)?:f:%lﬁlcg%?egq ggnne\ége{g(#rageggst tLe gate electrode
screertel &€ @iteldc§8iﬁo&%ﬁ&sre%fon§ cﬁ”otﬂp%éﬁ% ety e eRfivd Ebgfe r {&nesses

term "synthetic polynucl eoti de" e herei n fers
>100 o schetrgenuct wotlddestlhat ofips sbeaélrresmmﬁef oﬁﬂhetsouncefdtan turrent to

e s RSPk DS B SO0 B850 e s o

weak A6SehiENRDIAROXMEIRANUSLERA ] I8 She SHRR 1@;%@&%&@@ Hence, the gate
cytosine, guanine or thymne linked to - deoxyri bose,

inducesy mp et elohp @@@a@m@@eaﬂm the na@qﬁtlbm and theyaethierayer. Gated
nk endi ng .on the
nanotlgr;e ne%&orks ar E%OUC eo t :& mon thgcp Ctéaﬁls%(%ln gslarrllccn U%I?\@%Vtelr, d gchlevmg

appreaﬁllﬁk: O@Srent Im’dduliﬂtlﬁg Aeedks Nadnufidk| Yet@EKYI felyMigess it Agotube surface
nucl eoti des or nodified naturally occurring

density be|vebt Regede pEralaon et apedl Baistha acsheld PRI Ptk bridge
v I e

e 250 A EORTILE Bl Y L 93 PG 1

belowAdiedserRastion2 tir&PaRH 5 3Bdkn, h994; mdeyl lembekingintabf the invention, the

metal%p&?é n\%}slgl{ ér@ﬁ%a}%al 363 ]I%g?fz fi}gé%?g tu ra rtgit: :ngtweo;k ae{re above the

percolBHQr? RheduRSLAS oiPONde sérﬁl‘c%n&t&%n@ Weh&@bdsd8s oAfy &count for about 67
pol ynucl eotide of the present invention; homever ot he

percetsari dles, mpehd bt ohigerved Hilodeetbe dﬁVIb@’]fﬂlpCta)n as a p-type, Schottky barrier
pho or ot hj oat.e, bond ept i de: I ke bo

FETs G R Rtk o o P L a5 B RS G B e g comac

barries ¥ithb @A GulRMA M0 f@pinlt@lﬁ%e( Nesdelifd ofdhe injdbdn: baGédid the effect
Res. 22:977-986, 1994; Ecker and Crooke, Bi oTechnol ogy

of gatq Seldmmasmdicame Byis istho9®F- Any of the products descri bed

L L E e

carriep§tatidties pf ﬂﬂqibﬂymdkl’th@mgﬂlahﬁ Md &n@ﬁibﬁlcdﬁtfaetdfof a sbﬁctare as shown in
photosynthetlc organi smeven if a transformati on event

the inged of Fesgpee Jrinprdsrrip sHeRIY Kee préelgandrapiuge thepasintipt physics, the

follovgfl Cf%ﬁdﬁl()ﬁ'sn S(Affe% Hsﬁ&%&.ﬂ 'é% rﬂ“ﬂ@ anof; ﬁ%( QRENAYS N rgl]%r?é So that an
ac IS Inserte |nto a ne enco INng a protel

individeay mianetdbd orstypheat tsyehdchrestisgs. in[ Q00 YdgidiugiipnA PDotekasection in a

. OO 81 In so enbodi ments of the. present
vertcql B PERETGENGSe ATPTHSC PEA 0y ST HSEFH - QR E Appbe is an

indiviB@al st talked MltalilARSE. OArﬁ%Inh&ﬁld‘%ﬁ BneRME L UCdmall bundle has a
conprising a fusion protein. Any of the vectors or
i nearized portions thereof described herein can be
nodi fied for nuclear or plastid transfornmation by
i ncorporating appropriate signals (e.g., a host-cel
nuclear orlgln of repllcatlon or plastld orlgln of

. - o o o
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pronote the production of internmedi ates, products,
precursors, and derivatives of the products described
wheesso7For exanpl e, the vectors can encode PCT/US2008/075866
pol ypepti de(s) that pronote the production of
i nternedi ates, products, prjgcursors, and derivatives
dlfferéﬂ'ﬂ H&%lt&sgprﬁﬁk@é dpRatibv@ Yot [ QRAQA] tHENQueNaN B Sesults.  Figure 9
lized in practicing the present |nvent|on may be
ShOW%ﬁhG bdedibindinmgiel thonhntgutydaptivn tasr deerifaceds farfanetamyof the gate field,

., or i . including bacteria, plants, fungi and
dwpmﬁﬁ%%@?gghpﬁnggﬁﬁ @ﬂstances the enzymes are isoprenoid
PLOEHBH A BRZYNBE - 1nx¢é1t1'é§eﬂ16rlﬁfrﬁis{b 10N dedsHQRIFRAEI(DOS) for the
produci ng enzynme" is a naturally or non-naturally
nanotiRes Rravildry can 2y merakd\ehtage@t fedtsres Injaguires emetals, which possess a
dyct sSopr e sone i nstances
high ]Bbgbﬁle nllc')?%lx %VG? of t%eg%gvngbﬁnsgn%r}oéu 8 sdn |u§§ g0 Al a&greﬂa{p},ﬁa shift in

respofiséQo [0S ﬁfe}l‘l ﬁeﬁ&p& dditdhn, oGP tisNithH as ﬁle doRBct barrier due to the
nt hase, DVMAPP synthase). In other |nstances,

S
gate indyspd banst ePngingel thel i rheiahe §0vpr is dlsodovsisgr biwi@ee deseiptions of

contodtFafcs AT ot B FRAR BT P BT i pnegrecty

labele@@i@ vahes hefght utdduRitiof WEfen afitht tif edally SOCHNE @SbAFie #INhodulation
in Tabl e 1. Polynucl eotides encodi ng enzynes and ot her

due tOplra@ti Sepdingskehigh RQthel petalsdees nofrernitdhe Reggni bevel shift necessary
t. h n
for a gf?%g@ilﬁ SP%%%%? h%%’%ﬂrtn%?ﬁ I%%%e{ﬂé% @?%h%?%é%l?)ﬁ%?&% tIlue btaﬁ*?er height
modu}mbn chrobé B]queamﬁd Gk thtaddcaodhentixaltypindscadf babyditHeade sodulation
for Use . int Present. | nventi on. %90105] The synt hase
i an iy ey ep @O W&rg@eé rBoly(miTig@-ingive mpepydq) efpatact barrier
dlsclo§ém§nhﬁ§rfer &eSWeefﬁ7A2§8’ 5l B@Sﬁtho%gﬁ RAiS %@Eﬁﬁerﬁﬂ&%ﬁ% System is

val encene’ synt hase, (*)-d-cadi nene“synt
not npéalinac rlémld(eCtIsay nyshas e9f [L&)erparf, ahnes@neibey ptiphged in the present

casbene s vet i |rad| ne_synt hase, .
imven§TEARAT FEY OTOaNBr Gy R BIIEY 1 PeOet Ly Rinhed sysems in
embo@nfHIRLA e in{ &atibh - &hitar PESEHRI %éﬁb@l?ys Bonthet ‘t)an@er%ﬂ@tﬂ&lon in a

Synthase g- ter i nene S%nthase I monene CyC ase,

meta1]|1¢ nlg|sgable WFWIhhS dhe SWN meﬁy@rk@dpkmﬁpﬁé{egengym@h]a@esses this low
DOS ev%p | L egxlbﬁcrill?ne% S otrI %e 11’1ven% R | l?rea %%M,u gh]@yg}’?g)tag egraphene film,

ene’ synt hase, copa

semlcSﬂdiicﬁﬂg ﬁand(ﬂtﬂs? Bﬁcéﬁdﬁtzthfgsﬁhnokw@ﬁ@l Whéren@r ey athple ks nanowires can
g- humul ene synt hase, d-selinene synthase b-

be siligpia| | andr ene” synt hase, terpinol ene synt hase,
( l!'gr 1%6 GATEEN gcc%y(ﬂflg bg‘&{ ﬁt@ Q)%l‘d}[é g%&@ ?rﬁ%ﬁ@& eéhe semiconductor
synthase, a-terpi syn Rase, % pi mar a- Th5-diene

layer syritelsaketed dénins &redgaurammnag afli (eha 18340 bhﬁBﬁd of tiaearBrcondensed
1 ene synt hase, b- oci nene, . S-1ina synt hase,

pdngfi&ﬂaﬂ%ﬁﬁ \FRPRERd %ﬁfef‘% (BmReHEDs e om iligarp Consisting of

naphtSYEHeN &fiBrac&idd 1 Q& BRN &Mé&@ A& acERI a&?&l&ﬁja‘u%/s%%éﬁ '(2) at least
a- zi hgl berené synt hase, gualadlene synt hase,

one kudsefapignknidsedeveeds frntmhths egrowi senwirting | efdioppe- Iﬁylmlmﬂmpe (CuPc)-

aphi di c Ian 16b- ol synt hase, elizabethatriene. .
based SPRPRUER: B Rp QoS e oS ERBTIDP: eybfragves thereof; (3)

at leakl 104& rl@hd Sdﬂ’]wmﬁ)le&lﬁﬂ I @dmsotint hageoted FRINE Che ngﬂﬁlh &Bfsisting of
copal ol synthase, or manool synthase. [00106] T

hydrazgaet cﬂoglp@ﬂmlShetrm}@gﬂntmﬁthv@wbassﬁ walynpb@nd@apélmh@lydiﬁethane -based
comp&ﬁlﬂghs%ggnegg%?.%crggrgﬂo%ﬂd% orflﬁ)?ungt o@Xazo ne- Ibase:d compounds,

tnpheﬁ)&lC&nﬂﬁy raltaheﬁancc b’BlE]D)i‘ ralryﬁalhlﬂ&C&dmﬁkbdﬂlgdﬁmawajﬁal@Eﬁﬁﬂ @):Lght arylamine
yanophyt prochl orophyt a, rhodophyta, chl orophyt

demvaﬁl@@ser(%k BP&)pI@yQt d; 7’ttﬁqr%séﬁlybgny1@p@@b &“wléoblﬂuorene (Sp1r0 -TAD),
) I »
- L SEAAOLN Qo spgab iy, £101 20 -

dlnophyta di nof | agel | ata, pyrmmesi ophyt a,

baci | | ari ophyta, xanthophyta, eustigmatophyta,

raphi dophyta, phaeophyta, and phytopl ankton. O her
vectors of the present |nvention are capabl e of stable

Y Y
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above the percolation threshold, the increase in the
"on" state current is only a fraction of the "off
warapesourrent. It is only when the nanot ube sSRECT/HSW08/075866
density is very near the percolation threshold and the
great majority of what woul g4 ot herwi se be purely
NC ngﬂ_current pat : iqﬁgq t by 55 7 5
mﬁﬂ“?@#?%%ﬁﬁ%@??ﬁg nanot ubes thagﬁﬁﬁ%ﬁkﬁﬁﬁbstatefggg?ght 2,277
tetrakséh 2 fdephen devisylpP, Saspgmobiflicheenge eat er (Bpian DPIVEB1Y,0f f  stdgd’ebis(2,2-

.. current. Thin fi ransi stors. (TFTs rovi de the )
dlphe’@iﬁi‘”\?é{%ippswlt r y_dquthr eseﬁfq‘ﬁﬂﬁggﬁé?‘)ﬁ?ﬁ‘ﬁn%ﬂ ve Wi x tris(8-
quinoHhSIBlogMEmidued Ug)%][l?),! 't9i§d4dﬁ1§ﬂh¥/§§c?.lin@%lato)_alumingrnﬁe (Almgqs), and

_organic-1light- ting display technol ogies.
derivagiyas Henolawtd (e at eaitcoedund of polymich eswpaei elstedsfrom the group

.amor phous. si i can, however prom se of i.nexpgensive,
cons 18 BF S4Bl QP RUENS 3 BRSS, S bERPERRLT: sroums,
polynfead heviRg NPalkbdy eenpk! Hikbk Atheal-Phex EH&I@I-IPPVStﬁh@nyl/dialkoxy—PPV

substrates has focused nuch research over the past 20

copolyiags s BAlYGHEEHIORY Seldi ctntheaylory)-hd-nhepylaneinstens) THYEE-PPV),

L d of nolecul e argani.c an -
oty MRS BR8P DR o RIS 55 9B Mo
(PANT) amd g@dhdingicartaeolelnhalo ganaade pyly(Nhengtebizo) §oly(vinylpyrene),

nobilities of these conpounds ich were initial

ds, wh
poly(ypygrthecengys gl Wbyl fHggmies i dByieae folmaidebydse resin, efiylcarbazole-
folmafRAPRS bid! 4t M?%&x/%ﬁo gﬁ@&ﬁ, about an order of

magni t ude’ t oo Su ow nmobility can be
cdhpeasatdaed bandlyenldirigngidrigrtidrehefitt rodubridn df aarvtubes employed
. | ectrod cl.oser. together, r.educing the sen conductor
n emsﬁ(gﬂjﬁgfs qefsethgtuhve(l@n Speheng. 1.1171%¥1’1reb%tas tS_H%‘ldatﬁg o gg.lstance of 1 nm
from K %ﬁ% dibgctsiesdurate PR EALOTo LG CHIGNL CBSets TRBRYESRnds on the
. much of the notivation. A new TFT architecture wa
distang¢ Srohodedzatan SKH seteening bApbe namitylses redudes tIROGMe 186r arm in going

084, to.cireunvent nmobility limtatjons of present_ .
from B8Heh udHERTLb ST S aa TRt PP s RS s has e
implidakibf that2@dRMuallidfibibEY SRUFErRMES|d: OB otuBatbuh8RYIsiRE the top
careful partial oxidation. Wile the optim zed device

nanotghen B ¢ endl ercdeersenstl Fragniheudateclieldehy urdenliying i onotubes and
- [ 1,.hum [ el ectyrode .
particl 0%, HRUHER, T Ib 0 AT, SO Ge FeRRaF spagraance wih
embodieeneofithe ihentiseaeffoh@l B atheatgdiainaster mdierd @&scribdd in Wu ef
et al, gﬁgl. Phys. Lett. 2007, 91, 083507 disclosed . )
al., Seiqpge gRM. 601 el S0 hyianpielseblite oBRrtaPn SERtTRRBAEbCh ] high yield
nanot{RAShIER: AIRRS Rl ROC b SR AR, Wk i bAHELI A carion n
surfacfantsrprogides pamehsproxi duadd,disdssansbly hARMalmaging mmé dgighe analysis

..electrode is difficult to produce c rcially, . .
staists ARSI RHEORCH B6 O DTN Or g Auepyeon Hyeing in diameters
from BRMD ke wikss sl Rh@rddotel eGhr om gration; hence,

limting the device lifetime other nodes of formng an
elneambwmenth af theaeeention, ushfué helivteHeyqyanaterfalehayeiaddOMO that lays
- desire Thus, .t here.renpi.ns need for l i .
it SR MRS ISR R e b afe pafltiags 1f e actve
layer HOMIO diet s cahéingRfubéSR i BB Hef daOfi @l @6ist Qhlefide §baYRr at the
schenme at | owoperational voltages, thereby Eﬁgﬁlrlng

accumuiaion dA fpntEGagigRpior deleanwhie ol thei asgve daven gelicsapelow the
] . vi L f ot e, . .
Tano R SN P S G  e R e i STy B8 PR jfled anotubes inthe
netwoekTicrt impoder @nsd sdvere tdiBiraintiCoi ph atee Ry@ameateshBCthhOE] yield
for providing a gate field, a first electrode. ) )
usefuléfﬁ%‘?qng*}lﬁ@n% HPT thiy a5t DpEeTEtemPRTYY qnrpedPprigr) band line-
up, thE RY AR HHRliRS Whdk! &AhONSbm ;%tec‘ ec%ﬁ’ nde 8k RGE i arriers off.
for injecting a conplenentary chargé (el ectrons or
hol es, respectively), and an el ectrol um nescent
sem conduct or | ayer disposed internedi ate the nanot ube
network and the electron injecting |ayer. For exanple,
the hole injection can be nodul ated by the gate field.

o, .
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t he pol yner channel and the nanotube contact is EF = 0
(hori zontal dash-dot-dot line). Vertical arrows
WO /03021 t he barrier height fbp at each vol t aREr/UI088/075866

nanot ube dianmeter is 5nmwth its center |located at x
= 0 and y =2.5nm The insetisshows the sinulated

Becau$é I M WceecABY hARLARET GLndt eurrbMSAER hiGeRaiRdORe gate field,
(\x\ < 2.5nn the electron potential energy (the

such rpypraBy oh slepigbheanofot bhdumped offtaffeativd angsitly rdptiog thedon/off ratio.

Fiqure 10A shows | um nance.versus drain voltage. he
For sqt i taSera oy P AU Vi P AP fe B! BHifhed U by e
nanotiBes Ugdaf ah€ bottBmFb O diee bilkdBeDEAR IR Bl SobGRldBRbes in the bundles
Enbodi ments of the invention are directed to |ight

participaiet fiftlegin thisvitlipg thest dhawe destpdei thg @veldt qureent jratiy These

. I ' r t i f-S

inferch s L SR04 B LS S P SRR LBV PR 17 Mikiihng P HOMOS

~5.6 Al aol +0b uWi repatintly sesitsarduair ffied p-doped SWRE, fasttfulxgion ~ 4.9
nhetwork includes open_ spaces that allow for )

eV) iBe qeatrast i t9naoPOGTh @n/@éﬁ &atiq et?xat it Qpsgiyed with regio-regular poly(3-

| NG S r g field controls the

hexyhglt(ﬁ)?g% (ff{gl\g@t ::%g%‘l\/ktﬁ %e%taﬁg tgfee% rrgl um nescent | ayer

ahderhba@timbyts bhthevinginbbe ihdightuab@uhpurtdléd) amdthisesde thiecurce layer

Sui t abl e appl.ications of this techpology inc]ude .
can eigtfzﬁci“t-enba,ngg io§ F?ICTéVS ?aé’ﬁ{;‘f tilpfgﬂegl, be &Fecg%ﬁx%%/e&aps{aiwdféqg W@rkfunctlons
rangirf®d 86l 4 Go 6l & dwh$h US@AddsOmPRAILRLB NN YN EIsCIndt Rorganic active

€l ectronic transport between a dil ute nanotube network
layersarbdngle $ayiei grapbierstdan dpe luagkein this apphtatiohlingteadoafrithenanotubes, where

.inlection into the sem conducting.]ayer, |If. the )
the it T Al Pligeahaed SPRTRRLIYET T PEH btecy i so tin that te
changfBd €fd @laphdnREFcaayicvel RECQIESy thedRtEfiVal dadge thOBAH@} h&8ht with
light emtting diode (GED), also terned a |ight
the acliy¢ laypisdo elhadei stor. Figure 1 shows a device according

t e Y. e [ 1@ 1 nvention h_an

S4Bl SRSl A AT SRy v
charadtay Sncl @avdlant dohdamepiaiptivhteddh @ é@ehtlPdbsdrofpRde3ytivaty of the

_insu q&hgg gate dielectric¢ |ayer 103. The curved .
barriet peigt (@ DHCrBKRnEe GHEENE Briacet the pgipkpnd semiconductor
e SR gh L5 B PGS, EP U5 ROMLP LI PR grene it
surface] éxhotokadiynfeso entalemttenidabnd Byess thObarrfeohéighiestetigpa@ed to gate

cond.el ectrode, 106 and a. protectin | ectrode | ayer
modulio8 GBI g dEIARTEer K OHBOU HerERBres Al oe taken to
minim i &MhdaPBefedt €1 drhtsddiRbAs bf ARENIEHIBA! s LREEhaPRH ahfA8e afforded
second el ectrode injects electrons. It should be

by theyrrdietubepang thitahe desngdewitbfwhath earbert atomsiogihetd withiofhe nanotube

.1 . nv.enti,on co ise a.first electrode.to.inject ..
sidew if B RIS 0 Bt REPLLESHE rapbRto Bag e PR jseiomish iffs from
this 1iG@Mes Bhiti dissrmtaved id kst meentdopcebBedEetrbR@tnd electro-
. herein for hole injecting first electrodes and _
optic gewiges: ofprihsjreerci My seesTid @eererpddsa nnewbagientasbgesults in a
favora%lfé l'wl.lr?c(giohn lgpfos?art&s.cﬁﬂe Ch¥SL Oﬁ]eagi ey! fh%s #f&clg BP fhe nanotube is
converse structure. In one enbodi nen © Phe Ranot Ube
significedtiyoekhah0dd idee made ehrecidiérehleyradnsi that €rthet edespeakd barrier
., tothe electron. injecting |ayer 106 and protecting
thickngpp e ST BHODHEE &g {fﬁn@a%@ gorAgieRbe faNschywel.
NBEWRTRK ﬁh%112rgqle%{e9<>fo; ARSIoWNEES SFOTIPT LS SPERBGoIuminescent
el ectrode 106 conbine in the "electrol um nescent | ayer
polymt05\ rodpietucef thh tipormatacTioeanhilgliroaspiecting; aild wolrle figiction metal

can cgggg%iragr{l‘getgf {o%gaglféq, Ligﬁtagxi%ﬂgﬁg gﬁ%&at(g)lgﬁﬁ?,;vg erg,e (;/1\ro éxkan{p?e, bﬁectrons
injectddEBRCHRNEE (cBhkhet Ndt hibdmbinaealsbiibel tdébRbidenRE&RYhe polymer
possessi ng substanti al open spaces between the

nanot ubes. As used herein, a dilute nanotube network
is one that has sufficient open spaces to permt sone
contact between the active |ayer, such as the

el ectrol um nescent material |ayer 105 and the gate

- . S A NN —y o s o e
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interface on each side to enable the effect. The

current nodul ati on descri bed here and bel ow shoul d not
whezoogosdorsed with that seen in conventional naPOE/USZ®08/075866

network based field effect transistors. The nanot ube

networ ks of the present dolfot |ie as close to the

bandgpg € plodlidcOipht.i $ich eashbodisteNt oo il innendh UdR wNesntRI K8 the emitted
for conventional nanotube network based field effect

light ipfegpity k%x Bespriet cxp aeitrgee WhiRbownpiEHtes agfertiqek orggnjcdight emitting
f
o G, 108 PR 80 AP, P i

emissnmeln’c‘d Hlffmﬁdm Isgttemnillpsteded éd Fighnotl hB rwbdfi‘bO'(ﬁanKl—thy@lfoxydjlﬁnohne)
nvenilon has deV|c eonetréggs that in Figur

alumityB (Al hes hambP e YieRyer 1 Th %a%HWf@é%tr@@ﬁgﬁt19Y%§02 and PF-
9HK X MMPLALd Biel fhidehiblBy?- 903l GYF o dbliblSFTALES @, 36 GRAft tight

exenplary enbodi neht of a device o e pr
extractinw,gh¢ goe eletmodd 04 ic 5@ ontal‘taandpdrcnteumw Qﬂjewmleh\lléﬁ km, atomic

aver SR B RRR: S U O Db G830 B o

netwobk IPPRAitPhted U ldeAkes RQbrdidlA o @fbcdtiBentt BF t}Q:Eihﬁentlon in which the
el ectrode. The active sem conductor |ayer 504 is a

NPD lyercRoditastlieoniented gt yanstubepDEnlighit s amtlébyemﬂttad yput displays a

qulcklelfo e(c)%&/lﬁrlrge Elmfna Scef%59 | %i[té %Bg Ill(gnl oﬁ%}%l %L%ea(}pggaé%)rn e%f the hole only VFETSs

using (NPD 9045, diftiecdn@qrt GOt 16 hal@ulfes PI0AL IndhRrEbREHEMAST the invention,
layer 505. This differs fromthe device of Figure 1 in

this lifgipe fsee Ferasplvee vy adsditiqn af jankimPHKegs mulehorc P&k dhat tegntacts the
nanotﬁmﬁ? J(Wghﬁls n%%g b%%r{;raitf H{e ecﬂ!ﬂ%' ltclgérs (c )usgzl th Il‘%hance the
pol ymer Fath an [ owest unocc nmol ecul a
ab111t30fotmbdiilaté khdl\@melw Thodévied ﬁfbt\lelii F 1g1u1reclt0|B0Was fﬂbﬁcitb@ as a hybrid
LUMO, df&ice is . a_so-called "hole gnly" device,
UEC

polym@f/ﬁraﬁégwch Vit pof yHepm KF-PEk Brertodd Wa pHe opfenk nanotubes

907 fr@&%fé@ﬁé aﬂ&’NP@Tbéz 1'09*91 %I%‘B’ '(Stgmfn § ipesd (f B{n) and A1 909(100
transparency of th e ga er and s bstrate 0

nm) ldyersTérs abl dingtallg teivaporatsd. uAedayhcefWS fdenoinst wih |arpgxeﬂ Imé 2x2 mm?>,

in 8 e SR G oSy RO AYRFEaRb e GRS SHiaaver. o

drain VhRader ANS0EV, GHIVaId BlodhRBoS %\éélﬁ*%doi)ofsikgé‘ ‘b@ca@se T€large source-
gate potentlal i nduces a two order of magnitude change

drain jvpltageeovsatomss - tHe anaioy ﬁapﬁmmbéﬂm barfigurvmiraote od630 Cd'm?, at a
ur he barge gate vol t needed t0 hate t.he
curef i S8 A corA0 T § BRI ATEABRIERL T SO MRS value

compz&@&le RNt i €hl CT Q6] I@PBM]@& BadedYRKicelVBBY IR BOEi iBR¢ Bixcl zoom
of the invention include the use of a transpar ent

were %hfﬁfsvted avretha deprigaterd dleisa tea tw gatikely| dettp pgeiculaies that werlie the

nanot e&tt\%&lkux@sﬂﬁﬁ%%ma I%Sﬂ] tﬁ%ﬂ%cgp{he 5%[& er?l %1[15 lengc{h This is
unction cathode permts t devi ce unc I On as

obsergigibe-wal tagestenddwitiattee dringipll dniure Irﬂ@led bbdee dBuictabkidg direct

transparent substrates . include glass_and plastic
clectrighlBpParaNeer Y SeHaHHIHEN Cegire %ﬁéﬁ?&rﬁaﬁaﬁﬂa&% inned.
eLﬁﬁcﬂarfé?l%e%aﬂeﬁ@éﬂb@%aﬁ&ﬁn@%ﬂsmﬁl E@'ﬁg%ﬂsn%@ﬁﬁkﬁﬁﬁg&é%ferred to

as |nd|un1t|n oxi de or ranspare t nanoiube
or mtq;id@henagredegn’pmb@d hyrrefeln@cb Sﬂ,ﬁleapzptlratﬁtlncdndmg @H figures and tables,

exa e. The electrolunjn scen t .sem conduct i . .
to the GRS rgan BeSTur e PaRREo ey R thngr e
ol 6wl ae Lﬁxﬂe@to@)@ﬁlﬂfﬁﬁhé @ﬂzﬁﬁ 189 hﬁ(ﬁeﬁb@dlﬁleﬁ@rﬂ&mu%&ﬁn are for
such as GaN, for exanp e work function of
illustrafiveomppesee O@Xp@@ethatammﬁ mpsiidcatigns p1 ekingay bohght thereof will be
sugge%][%{]% @eﬁgo%s EL®%§ zn %: galé"t(rearn argnt(h eee \gneciude gvr%t 11%3 theev l%ec (lg)%s,ne\flew of
dnsqﬁmsmumlectrolunlnescent (EL) material s, enbodlnents of
the invention are readily prepared mhere the dilute
network is made from such nanot ubes that provide hole
injection into those materials. The gate field in the
device of Figure 1 thus nodul ates the barrier to hole
|nject|on betmeen t he nanotubes and the EL naterlm

o o - Y T L



Table 2. HOMO values for a series of representative
smal | nol ecul e organics suitable for use in
weniddsaent s of the gate-voltage control |l ed LBET/BSHIZ075866
1,12- Tetraphenyl napht hacene -5.4 eV
Bis(4',6"'-Difluorophenyl pyrli7idi nat o) -
4,9-bis-[4-(2, 2-di phenyl -vi nyl) - phenyl ] ~napht ho[ 2, 3-c]
[1,2,5]thiadiazole -5.8 eV
4,4'-Bis' 2,2 -di phenylvinyl'-1 ,I"-spirobiphenyl -5.9
eV Fac tris(2-phenyl pyridine) |r|d|un1[lr(ppy)3] doped
into a 4,4'-N, N -di carbazol e- bi phenyl -6.3 eV
Representative material s GloxIM$e di el ectric |ayer may
i nclude a broad range of insulating ceramcs, such as
Six, Al B Si3M, Y20, Ta205, PbTi Ox, Al Ti O,
1. gAai?g%%mu%gaaisqst&ogaﬁwa Sg:such as Paryl ene pol ymers,
pol ystyrene, pol yi i de, %yV|nyIphenoI,
poIyneagmbwhmha¢¢ﬁkamea¢hgagwwdbﬂ&ners and sel f
assenbl e ers, and co ina I ong thereof.
Repr es%n@ra{mi}‘g ?r%et’ et hepg ﬁ’ﬁngtsh ?nga ¢ HOBYYEYa fipyje nanotube
netwoHicl ude netal lically doped and un-doped transparent
conducti ng oxi des such as znO, In O3, Sn(2, CdO, doped
W th net: g:ttgqﬁaher&gtep;pose@het%en g gt el@tr(ah:chndnlye first electrode,
g?ggl Pﬁg«%:c%gg fec lectrode gttogh T 1&12%%&%%&%@%’{%? rl alt(rsgglnPlé&FCted by the
first eldbtr@dtgladd, as wel |l as conbi nations thereof, as mell as

doped sem conductors such as p or n doped Si, p o
doped @apsctratpminesené senicanduptoriayes rdiw@pgedalbme@w@ the first and

secon# ee?gc%&&t %}'ae\fannﬁte eé’o 1én£n9 a?,?es.t Q&Pﬁﬁgltg ré ce. ]?hotonsand
unction’ and are 0 nea , altinclrusrve.
wherenmbdthr gee ningectbn t ibetWeGNelﬂtei ofi;st deleethstiengandn th&leelectrolumlnescent

specific EL materi can incorporate an el ectron
semicpndRglon Lyer 1s 11%efhé§ﬁa%ﬂ&#e 105 and 106, and/or one

or nore hole transport |ayers between |ayer 104 (the

nanot ubes) and the EL | ayer 105. For enbodi nments

incorporating hol e transport |ayers between | ayer 104

a 105, h a i el d _nodul ates hol .

2. P HfiedeRoRmiiBd TonsSeh e tiines | hupeti ASpUR T dyarork comprises
carbo.at her than into the EL | ayer. Advantages provi ded by

the gate nodul ated hole injection into the |ight

emtter devices include, but are not necessarily

onr'c eres
singleivialld@tiboRAb@tubel. em ssion |ifetine of LED devices due
to electrom grati on and heati ng phenonena, the
Iomering of drive vol tage bias due to gate field
4 TTRERRR Ik Aleb o8 Bal) SFhueR 7 B SREDH R niegyhotes and the
smmn@abddnhem&&se&wﬁh&.invention. Furt hernore, gate
vol tage i nduced hol e injection provides anot her degree
of electronic control over the device operation,
5. aifh@ﬁgﬁtg:nﬁftﬂgltfahbl%tf bPAaiR 1 WGerEhekd £Q0 E]l‘éétr(gcf%ﬁs Er%t'ﬁs?;lat%gt
pi xel' s on di spl’ay devi ce”appl i cations
according to enbodi nents of the |nvent|on A TFT |s a

ffec trans stor. (FET ate fie

6. Rfiudiel! ESMinenBRRRRE R SER v haot T Ra e rogeS cOmprises an
ekdngghw&ﬁﬁh@ﬂhgdﬁmw bet ween t he source and drain

el ectrodes. Figures 7A and 7B conpare, in schematic

form a conventional prior art TFT and the

a C 0 nece W t odi ne
7o TR e T e SR &l RGN R indium
tin oxids. whi ch the source 701, active layer 702 and drain

703 are co-planar with respect to the dielectric 704

and gate 705, the architecture shown in Figure 7B

stacks the source 711, active |layer 712 and drain 713

vertically relative to the gate dielectric 714 and

gate electrode 715, hence the desrgnation as a

Y Y e o s o, p— g—— - N e ge—

d | d. lified .
3. e?[‘ec { %Ht E&itt ng[%rragglg T olf c‘leanRsn?Sw grealf enai/nglfut%g gréetigci)rgscompnses



the gate field. However, | arge nodul ation is observed
for > 100 nmactive layers with only weak dependence
wW@toovkssogat e-fiel d | ever armon the active | ayRPCT/US2008/075866
t hi ckness. Hence, the gate induces nodul ation of the
contact barrier between thel$hanotubes and the active
| ayer. Gated nanotube networks are known to
denonstrate transconductance, however, achieving
8. appe duhhismattiag rtraspistorsd wlaimi bnfiathen sempesiog ableansparent substrate
r not ube surface density be very
]%@r@%éﬁgéﬁgmégggg§§?|%§§(@%1t such that the threshold
percolat|on pathmays bri dge across sem conducti ng
nanotu% (i. he metal |ic nanotubes, considered
9. allbpdie hﬁgftlttmgetraélé1sm qfrféalﬁbrlcélvrﬁtqr SRMPRB@E hp PEfecting electrode
& ﬁﬂmﬂ pts of the invention, the
ne aI %@at I ch are typlcally about 1/3 of the
nanot ubes in the networ k, are above the percol ation
limt,. the turn on of he sem cond [ anot ubes
0. oy RIS B sGeT B or CBAEnIotk i Mouglbadom alectrodes
compﬁ’&%ﬁaﬁgﬁl@e nERREEs, eﬁdﬂeoeﬁfgvdoﬁﬁéctgdjfbcat d¢ Qra%%ogv B AR

Schottky barrier FETs I'n which curr ul ati'on is
due to a gate field induced nodul ation of the contact

batri at the napot ube/ ac e Ia er nterf

N@é ?ﬁ&t of DEHRE f“égést? fIba‘ﬁ?lfner ’anY‘i ?e@lcecg‘f’lummescem
semw@@ﬁu@td‘r 8led pSdRedsts & H@)M@U@s‘%l bbiwech abddies @Vsaﬁd about -7 eV.

t wo- dlnen3|onal Poi sson equati on was sol ved

sel f-consistently with the eqU|I|br|un1carr|er

S Sk - t t he n not
12, SfE AEbt Elihe PR RR T G ROt B PR BR RS compries

bundléd guihgiltdwallod @mdRbed and wipldid Yhe lectiidgieineft@nafdhiconductor layer
capture the essential_physics, the follow ng

PO%C%G%@?K?%QQCW%Q%Sg@ﬁ@ﬁﬁ@@éEWdCﬂthW@mﬁﬁﬁéﬁhﬁéknetmork
is sparse so that an individual nanotube is studied
for electrostatics in each region (ii) A 2D

13. cibsSglstemtiitony transiatov ef tlamal, phane theelpandiineatent 0 a

e long axis is Si iii) The napotubei

ot u | at ed
Semlc%‘i‘fﬂ'icmﬁl PieH EHFPRH &Teéh%é({ %&a’f‘é‘tpg&@}@nﬂfﬁﬁ vinglene) (MEH-PPV),
oxadis/ME A5G0l dyggléf{ﬁ?féﬁk YRS18E), 3li B@d -dHREh B RS 2,7- thglene),

adi fferent y of States does not changé t
poly(dtadliphertylare m@mm@y@eg (RI2P'Y), phbn 9-tdivdk 1) dinateheshdiongbis
ctive | aye terfac a funct
acetylffe tbilEnBRTOMIT Bras b ngp %, gt B B BFe i b Gfirene.

5,6,11L12- wﬁgﬁemmpﬁtméeﬂeh&sam&semlﬂ@@}opﬁe!ﬁglpyﬁa{ﬂafwuw bfavy4 -(2,2-
denS|t% of states §%3 for the nanotubes fFOVI des one
p £

diphersd-virst pleayHraglde A ddadiazeles 4:4t-Besd 2 tdipheeylaing- 1,1
. i f the,l
ot BOBSSAS2 3000 B eaTSKBho LY gy 01

dicarbaadpobiphenylo the gate field. Hence in addition to the
thinning of the contact barrier due to the gate
i nduced band bending, the barrier height (fbP) is also
14. | ol beht epiittia tapsisiotelsdeinpt i %bﬁgelaﬁhq:wﬁ@ratqle%mdp icemprises a
0 s are.often
“amt‘%‘%% i Pl BERS 1o Mo 8P S5 S0 R Gy e i
nDduIatlon mhen what is reaIIy meant is barrler mndth

dul ation due to band bending. The high DOS of netals

15. Tlgg’e%gt FBtRB ARSI cham ‘Mhé’(Fé‘P 0%%‘?rf1¥101'ﬁé‘€1§st§€a’|51901¥ Bwerg are
dlspos%@@&gveeeh Phd 18 oRBE hE&lorl & PRk e by ngxfs(:@rﬂ‘f%e}() the

phenonena, a true barrier height at can be

appreciated fromthe el ectrochem cally induced barrier

hei ght nodulation in an air sensitive,

pol ymer /i norgani c (poly(pyrrole)/n-indi um phosphi de)

contact barrier disclosed in Lonergan Sci ence 1997,

278, 2103, although this polyner/inorganic systemis

not nmetallic. Unlike the system of Lonergan, the

nanot ubes enployed in the present invention are a true

netalllc systen1 Surpr|3|ngly t he nanotube netmork
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accumul ation layer (anti -barrier) for holes, while if
the active layer HOMO | i es bel ow t he nanot ube Ferm
WO 2opeh3done gat e nust reduce the pre-existing bBeT/D8008/075866
Bundl ed nanotubes in the network can inpose nore
severe constraints on the d®ive |layer materials that
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possessi ng a nornally on (anti-barrier) band |ine up,
continupes, Op patieapfst tiBels layst af Highkene: screened from t he gate,
can not switch their barriers off.Because the screened
nanot ubes permt current flow i ndependent of the gate
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effectively, greatly reducing the on/off ratio. For
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electrelhmineacmohk ssesmpaudulcmrrh@tee little in the switching, they
do not degrade the on/off current ratio. These
i nferences are supported by the large on-off ratios
18. ohsgined ﬁfsfareﬂ%a S e VED) (MRing>- 6 eV and -5.5
eV, respectively, versus acid purified p-doped SWAT,
(wor k hgnetciestiode fr gravging a gotsrfialdéist to a poor on/ of f
rati o that served. wit u ly(3+ .. .
oyl t RiTBSrIFR PO e bt girbate et o o Sopdgpaye materia
having B l&badeNBaksy @ftd 4 IRy 18R PLE BRetrérielbticgiual
(unbundled) nanotubes in the source Iayer can extend
the raAdel @Fﬂ@@tfﬁtrv@tem@t betyvienr theggtesdeozodelandthe first electrode;
naterlgl OﬂgngQO&p unctions ranging from4 to 6 eV,
i ch i Acludes nost ectroactive pol yners and
| nor ganiseméwhieor ayar dispdsed ghternhalyee tigr Bphane seandhgectrodes,
used in this application instead of the nanotubes,
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causes the barrier height with the active Iayers to
change. Metals are susceptible to bond formation Mﬁth
19, odbPVE R EyE daimab. plssesshe fowydrdricciarmere s, ddimanotube
netwofieval ent bonds are inplicated in a frequently observed
Insensitivity of the barrier height forned to the work
function difference between the netal and

sem ctor. (Fer l.evel |nn| Pristine

o ABaso g [ oiheres i fied Resgitts i i dapiggises single walled
carbohARRERE Whekén 8§ WctAGEpordiBn BPthe r%ﬁgﬂubé’s ik OF BuiGeieat ?Jbtntlty to be in

bonds and | eaves the barrier height predi sposed to

excesgyali an qlesdiitad pergplativyy thmeshelslpect to defects on the
sidewal | s of nanotubes, neasures can be taken to
mnimze or heal defects. In enbodi nents of the
21. | MHEWFEN, ofadlaiaddig! ivaieadin aBy it gRc@SdOtsaprifY 4 Rigle layer of
nanot ubes are that the strength with which carbon
grapheico agndaetengieang winie tsHoTkHY saarsndpdingingaowite netatork.ce i s
such that nanotubes are inpervious to
el ectrom gration, which differs fromthis lifetine
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ctronlc a electrooptlc devi ces.. Furthernore,
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nmmmﬁﬁ%ﬂh§b|e junction electrostatlcs. The electric field
at the surface of the nanotube is significantly
enhanced due to its nanoneter-scal e radi us that
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l yI'ng is also an el ectrol um nescerit " pol yne

nodi fication of the top contact to an el ectron

injecting, small work function netal can create a

gated, organic light emtting diode (CLED), where, for

exanple electrons |nJected fron1the top contact and
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2. The light emtting transistor of claim1, wherein
t he nanot ube network conprises carbon. 3. The light
wW@niopmsaogt t r ansi stor of claim 1, wherein the neCDUSIIE8/075866
networ k conprises single walled carbon nanotubes. 4.
The light emtting transist2or of claim1, wherein the
(acend compoldpaticode frdtheht doles cantsthpe secanph@hiesd,r Oslehracene,
injects electrons. 5. The light emtting transistor of
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moleclgr gamBoUTfiSIeE egHorR e g1oHg cPPAHME drderzoRy s@pauads, triphenyl
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onpri se nanot ube networks, each being connected to

dlphersséﬁa“r aliangrobethesylp(Sipyro-NAB), 4hE Hiigt-3 emith yIphgyl-N- phenylammo}
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transi stor of claim1l, wherein the nanotube network
(Alq),c orp#(Psmancbignlataalusrinym| t () ed tlﬁ%(ﬁéwbxélsé%calﬁwlmﬁ@malnmlnum
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from nied weolkp bdsisthie dfi ghly(;ﬁphériyﬂeﬁh@vh&&ﬁs) qPBV), Ofpolyn&lrsm cbntaining
wherein the el ectrolum nescent seni canduct or

biphenyd vt s PREIMEX RIS GRG0 yarpEREnyA ERePIFHY) é’YYe) phenyl-PPV,
pheny(/&{%ml'ogg\ﬁw oxadi %Bl) ?gllg_?ndant pﬂyﬂ %W%%n@ -et )ylléer)](\égoxy) 1,4-

vin oligo(9,9 n-octy uor ene- vin
phenymwmeaa di pr(em{éwé/)du phe pyly(itiygl bredeyxy (HRERhe) (PEDOT),

poly(s? ol ﬁlé(?pég Iitc?tﬂf E/}lhg géu S rlg{]aeaﬁe}] gfgfg]l% F)ngo y83 -%tllyylléagl?azole) halogenated
poly(l‘d—'vﬁﬁ%yga‘%@?' %W@fﬁ ARSI BRGacRef: bylentdolmaldehyde

t et raphenyl naphthacen

resin, bﬁhgl(carba@oleﬁlmai@bm@]@ﬁw pydrindilidigtteons4h@eddi s- [ 4- (2, 2-
di phenyl - vi nyl ) - phenyl ] - napht ho[ 2, 3-c] [ |, 2, 5] t hi adi azo
le, 4,4 -Bis'2, 2" -diphenylvinyr-1 ,1'- spirobiphenyl,
or fac tris(2-phenylpyridine) iridium/[Ilr(ppy)3] doped
into a 4,4'-N,N - dicarbazol e-bi phenyl. 14. The |i ght
emtting transistor of claiml1, wherein the second
el ectrode conprises a nanotube network, a nmetal film
a sem conducting filmor a sem conducting nanow re
film 15. The light emtting transistor of claim1,
wherein one or nore hole transport |ayers are di sposed
bet ween the nanotube network and the
el ectrol um nescent |ayer.16. The light emtting
transi stor of claim1, wherein the first el ectrode
conpri ses a continuous, or patterned single |ayer of
graphene. 17. The light emtting transistor of claim
1, wherein the first el ectrode conprises a continuous
or patterned |low carrier density and | ow density of
electronic states material, wherein the first
el ectrode does not conpletely screen the gate field
fromthe el ectrolum nescent sem conductor |ayer. 18. A
vertical field effect transistor (VFET), conprising: a
gate electrode for providing a gate field; a first
el ectrode, wherein the first electrode conprises a
conductive material having a low carrier density and a
| ow density of electronic states; a dielectric |ayer
i nterposed between the gate el ectrode and the first
electrode' a second electrode and a sen1conductor
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