BIOLOGICAL-BASED CATALYST TO DELAY PLANT DEVELOPMENT PROCESSES FIELD OF THE
INVENTION T{(l)ggg)gg%gnt invention relates to me.thods for delaying al%?}&g%w%%g?em comprising
exposing a plgﬁf BrHIAAT part to one or more bacteria or enzymes. Apparatuses ior delaying a plant
development process are further provided. 5 BACKGROUND OF THE INVENTION  Ethylene
production in plants and plant parts is induced by a variety of external factors and stressors, including
wounding, the application of hormones (e.g., auxin), anaerobic conditions, chilling, heat, drought, and
pathogen infection. 10 Increased ethylene production also is observed during a variety of plant
development processes,.| in itor ipeni inatian,.leaf abscission, and
flower senescence. Eth%i%%gb%&%gﬁ%%g %ﬁ%ﬁé%ﬁﬂ%’éﬂﬁﬁ epfggé\??ééﬁgkr%%%zymatic scheme
involving three enzymes, traditionally referred %Rggqﬁ%g ang Cycle," in which 5- 15
adenosyl-L-methionine (SAM) synthase catalyzes conversion of methionine to 5-
adenosyl-L-methionine (AdoMet); 1-aminteysloptopaNsENTIaNboXYlic acid (ACC) synthase catalyzes

the conversion of AdoMet4g. AL AN DG ELoddReR sMANESShaIEPRVEksiaa0f ACC to ethylene and
the byproducts carbon dioxide and %qa@%? cyanide See, for example Srivastava (2001) Plant

|
Growth and Develop?%%ﬁ%eﬁ%ﬁﬁq esa ﬁwrtgﬁ?ﬁgrn?%rﬁcgcéeg%iéaﬁpémy%ess; New York) for a general
description of ethyleAEBTEERFESIEE BRSSP PR TS SR PIS¥ St esses regulated by ethylene.

Previous research has established that in climacteric fruit ripening is triggered, at least in part, by a
sudden and significant increase in etByeREROUSPOREER IMERMMUgh a sudden burst of ethylene

production is implicated i%@ﬁ&ﬂﬂkﬁ&%&%ﬁﬁ%ﬁ&ﬁ&i plivnaaiaieabriisathe #xact mechanism,

particularly in nonciigacleric Il I3 ek cAmBlE!oNuidosaaask, Whlphgie. s o sudden burst of

ethylene production in non- |macter|c_frU|t_: Eon-glim%gtenc fawt will r?l?g)cqnd to ethylene. Moreover,

fruits, vegetables, anatﬁ‘%%?aﬁf’gﬁtcﬁ?%ﬁn&g var e ‘é%)tbaﬂnf’ %_ﬂfogf’ﬁy ene “synthesized and also in the
sensitivity of thelparfieutarhraderaroaigtalies Purasdipes SHse BRHiBTT AP level of ethylene
production and ethylenesensifiviy fuhereestditidhokessdit playmatiowddvbicisfietaaéne biosynthesis

and ethylene sensitivityeaesdatexample, Cantwell (2001) "Properties and Recommended 5
Conditions for Storage of Eﬁg&ﬁe@%magﬁ/ﬁ&@é%%h Elepicted as an enzymatic scheme

postharvestmcdavis edylraducelStorage/index shiosl (last aceessed.on,Wg(g 6, 2007), which is
herein incorporated BY TeT&rence in ita entrety. Fruit ripening ty_pl%aﬁy fesults in a change in color,

softening of the Bericdrrsdrdrerhiprye SN LR BB AP HS VB YPHRE Friit. While ripening
initially makes fruit mdreceittbtestDunvd diviebtiletocziormpaprd cedsrsleridiliffeads to degradation

and deterioration of fyuihsiealifyzanakingirdnaceaprblef0Cconsmmptidis; tleakirgito significant
commercial monetary,lossges eI LALISHPRMNSRENS SssiSatiesi alilgyiasdmproving shelf-life and

extending the time availaaté)‘l ggrfc}rrgxrﬁgg%at\igs%@&%&gﬁa% L sale of lgregga%qgngthgr a.gricultur.al prpducts
subject to ripening. 18R addition to a sudden increase in ethylene biosynthesis mgcx;llmactem fruits,

ripening-related ¥harfEeoar e o 45 L CB e R AR SETh TSRt B R PR R AP € produced as a
consequence of respiftaifonbinsfrtliesivingéasptadoiam e tRnEpatarepredeRissig, consequently, impacts
the shelf-life and the dsie@eised storage conditions (e.g., refrigeration) for these commodities. Plant
products with higher ratesyofgspiatithas established that in climacteric frait ripening is triggered,

at jeast in part, by 2 sudden and significant increase in ethylene biosynthesis.

25  Although a sudden burst of ethylene production is implicated in the fivit ripening '

process of climactgric fruits, the exact mechanism, particuiarly in nonclimacteric

fruits, is not completely understood. While thers is no sudden burst of ethylene

production in non-climacteric fruit, non-climacteric fruit will respond to ethylene.

Moreover, fruits, vegetables, and other plant products vary in the amount of ethyiene



20 (e.g., artichokes, cut flowers, asparagus, broccoli, spinach, etc.) exhibit shorter shelf-lives than
those with Iow&g)rﬁegg/%&aﬂ{gn _rates (e.g., nuts, dgtes, a_pples, citrus fruits,F%rﬁggﬁ%bggggkﬁespi_ration is
affected by a number 8t environmental factors including temperature, atmospheric composition,
physical stress, light, chemical stress, radiation, water stress, growth regulators, and pathogen attack.
In particular, 25 temperature plays a significant role in respiration rate. For a general description of
respiratory metabolism and recommended controlled atmospheric conditions for fruits, vegetables, and
other plant products see, for example, Kader (2001) Postharvest Horticulture Series No. 22A:29-70
(University of California,- Dayis); Saltv ité?Univ rsity of C?iforn'a- Davis) "Respiratory Metabolism" at
30 usna.usda.gov/hbsg%?asllzgélea}s%?%%fe,s sﬁgé g%cl:‘tgggaételc on ,rl(\J/I‘%lmrtc;0 %}yg%ﬁ%%and Cantwell (2001)
"Properties and Recc??ﬁ‘?ﬁ&nﬂ’@’ds@ﬁﬁ&iﬁgﬁg 107 SrOPHg BPRFESh R L IR Ve Stables” at
postharvest.ucdavis. BeRFP roithder Spkagent des S hleprisosptissis arsetylsre March 6, 2007), all of
which are herein incetptidate dbyfreferencCintib{R@ntiRtpertics ddtirodsiadedl compositions for delaying
the fruit ripening proegss:ae!we ik exampiathaanpisation: of silver salts (e.g., silver thiosulfate),

2,5-norbomadiene, pﬁ&ﬁﬁg@ﬁgﬁ@g@ﬂg@g&% ethyleygl g%&gdgiM&gg,cyclopropene (CP) and

derivatives thereof These compounds have signiticant disadvantages, such as the presence of heavy
metals, foul odors, aﬁ%?@k?ﬂ%gi\sigeﬁ%bn@?ﬂ)@?t%% AR PR LS B Hiat TiaRE Hem unacceptable for or of
limited applicability féwifeey metieire SRran St PisHse e MpproaErseterdfifrolling ethylene
production to delay phaat dasvsleg firemtq) frcess d8hile tpsrfrgitniiietsrinlds Byiimeoddiding nucleic acid
sequences that li;it giiwieaeareauith gRcpastickian YRy tedpeiagthedadpmasiannf the enzymes ACC
synthase or ACC oxiglase.. ate. alsg. Ynderdnngshigation. she nuhlicsiaaranse to genetically modified
agricultural products, howeva?r, has‘nlgg Qse%gngggt(i)rt%\é ;iavoral:)rlo%. o is %As%g%g%ggly, a significant need
remains in the art forcg%%efﬁog S-and apparatuses tﬁ%ﬁ’y ant development processes. Such
methods and apparaffesResttEr v éfhEBﬁfﬂi’F’rBﬁb}Fd?EE’ﬂ@ﬁﬁa&f’R’réS&% ipening, flower
senescence, leaf abseisyioni @m dive egtigémaimebrtcideeteaindoitie shelf-life of various agricultural
products (e.g., frisit, vegetabhlesi@and.cuidininess), itheanady esmitiinglangeeth signce transportation of
these products withoytthe peed oniaftigamtianiRgaasing radietidesiralilitysto consumers, and
decreasing monetary costs associated with. produc unti ripeni nd senescence.
BRIEF SUMMARY %’“'%)‘Ffeg firsfBspect. t %‘?—%’%gﬁ?&%%%%fi%}%ﬁ%%ﬁ%ﬁ%%|ant development
process comprising &Xp &GRS S8 AEH AR 185 K& SN CrE5as 1érlac’,n\sl\;ﬁ'g'l’ein the one or more
bacteria are selected¥isrtae s copsisilivy SRR ABERSEIER LB I BEBEIEYium ketoglutamicum,
and mixtures thexeof(ean divhéseinrtievenespimper erpedictaxaiiciex pddedcitathergfant or plant part in a

quantity sufficient to gelayatheRiit dRYSISRMRALREIEE Stuts, dattd) AEacans aspect, there is provided an
apparatus for delayinggaﬁe] JO‘L%r}t ﬁ%¥§$ﬁ&fﬂ%ﬁgé@5 mgmrggﬂgngegg{@jﬁgtg@mgénprises one or more
€ g

bacteria selected from roup consisting of, %doca?ccusg:éﬁgthrevibacterium ketoglutamicum, and

R
mixtures thereof, whEPEFARS SRS B R SPRIS R8PS e BTevi maﬁua%étrneﬁfy sufficient to delay the
plant development prestiaiss, water siress, gt agiirs e RIfe sPGRTe F R HFermeable catalyst
apparatus for detayingmaeplonppaiapivents coesdatomprisiin: sfrstdapintiansd a second layer that
includes a catalyst CppEisingnais Mobaciasirariosptisenthegias sonsisting of
Rhodococcus spp., Brgvibacteium. kelegiliapicim.ans mixires.5essef, wherein the one or more

bacteria are provided. in a quantity suffigien 0?2 lay lant development process; wherein the first
layer provides structtifs fﬁ?é“%? z%%? megglrﬁ)eﬁgr% u%%’ ;Q&I%V%Sﬁtﬁﬂfvgg%%c ?tr%)egrvés & provided an

s
grty app > : .
air-permeable bag oSHEefTHERIR AR EsaRREl s Yol dabove.  In a fifth aspect,
there is provided® methudafprviiedofideyaiptanréddes prvetirpreck $s268mprising exposing a plant or
plant part to an enzymadicinzitartrodpeies afdRese-hactdlaselecteasiram tHig:géoup consisting of
Rhodococcus spp., Brewihasieriumkaioainiamicimandrmiyas-ihesael ssaicihacteria being induced
by an inducing agent selected from the group consisting of asparagine, glutamine, cobalt, urea, and
mixtures thereof and said enzymatic extract being exposed to the plant or plant part in a quantity
sufficient to delay the plant development process. 2 Methods for delaying a plant development
process, including but not limited to fruit ripening, vegetable ripening, flower senescence, and leaf
abscission, are provided. The methods of the present disclosure generally comprise exposing a plant
or plant part to one or more bacteria in a quantity sufficient to-delay the plant development process of
interest. In certain embodiments of the disclosure, the bacteria are selected from the group consisting
of Rhodococcus spp., Pseudomonas chloroaphis, Brevibacterium ketoglutamicum, and mixtures
thereof. The bacteria used in the practice of the present methods may be further treated with an
inducing agent, including for example asparagine, glutamine, cobalt, urea, and mixtures thereof, to
induce the ability of the bacteria to delay a plant development process of interest. The present
disclosure further provides apparatuses for delaying a plant development process comprising a
catalyst that comprises one or more of bacteria, particularly Rhodococcus spp., Pseudomonas

chloroaphis, Brevibacterium ketoglutamicum, or a mixture thereof. Any apparatus that permits
avnoalira Nnf a nlant or nlant nart t0 the catalvvet and delave the nlant develanment nroceace Nnf intaract i



FIG. | shows a non-limiting depiction of a three-layer apparatus for retarding fruit ripening. The outer
layers (designated A and B) provide structural integrity to the apparatus. The catalyst layer, as defined
herein belowsedmphibes 6n2067)mdref ofhibl @a 2yreie srofthedisddnticlitand is Iboatedbetween the outer
layers. — FIG. I@éﬂ%cﬁr%ddc%ﬁlﬂ&%ﬂm'?&gﬁ%@ﬁ%%fﬂfif’%@zﬂég%@@é@t%&?d@rf&?@%ﬁg,ffu't
ripening. These apparatuses comprise a catalyst layer, one or more Ia%%rs intended to provide

structuraliteeRRY4NE offe St ¥ioretlbyefissnteiloed B iafovéd BROFIBHEE D! B8 Faratus.
Removalgf-nas:aranoremétthesellpyeysmay-Marexampigopxipo € RIN adhdsivatfossattackuient of the
apparatus {g angihel,RRYSIEA siiee: dFlER. 303000 A0gRIMILng depistion ol ag,ppparaus
for retarding Yruit nBenlng. The fpparatus comprises a catalyst immobilized on a layer of film and
attached edasphybiealetinotmes(écy wheboxnauiesie Yo swragsmanspspabisHorraftnmbtes. 4 provides
a non-limiting demictien ekannpRaratysifrnselardingniudii® HReDHNBesThe apRATARE aampdses a
slotted champer. struc%iret at Eerrpits th% insertion andfreglacem(%gugof one ot morelcatali;ést module
elementsPRSHFEARLR SEORITHE SRR BIE S d phy SEAT BRI REyBE RIS S5a4"0f a material
that permitsnainde flowlinio dhelomtalystclioD BRALED DE SORIRTIO NOETHE INVENTION The

present inveAtions 2ew Wildsglescribedmeradullyhesinaltenwith referencasasparificgmbodiments

of the invention and_particularlaq to the various drawings provided herewith. Indeed, the invention may

be embodieaH it higH§ GiTer FnORSYeEHEE P hSB S LB AR €55 limited to the embodiments set
forth 15herein; ralherdihggeesabifdimentsiarenphovid ek sot that stis didelds urd waplissattisty @pplicable
legal requjrements. As._used. i cification..and in the appended elaims; the singular forms “a”,
"an”, "thed,e%%:ﬁj%rg S%J?g(fpr%l él?é%%%eé%l%éss t%e c?)tntext clea?ﬂ%%ic_tates otﬁgrwise. '?’_hrqughgut the
specificatid e ipriae oo T Ry enieg Farieh sthear 20 At tivaranf, siifl BEURARE®Id to imply
the inclusign.of astalad aleprent: dntegelcorste Rhroherounof slementis.iNeoers af siepsshut not the
exclusion of any other element, integer or step, ar group. of elements, integers or steps The
present ir} {}%rfa?hgnp B?B%ﬁé? @srqr%régﬁ{o élssg ord etfg?iP %ﬁaat%)llén‘{%d.te[]\%fo 8 Fﬁ%ﬁtsﬁ)rgcl%eig%t oé’fzn t%gr%%t f({:}i(’)m prising
exposing &fplendtonplantgesirgtuKec r dedrbibicttrizopBiepanticu drcerriirliistenithediitethods are

drawn to gelaying & plant develQRmeRtRIRFas SIS sNg.ALaRINg a plant or plant part to one or
more bacteria selected from the group consisting of Rhodococcus spp., Pseudomonas chloroaphis,

Brevibacterium Icetoglutamicum, and mixtures thereof, wherein the one or more bacteria are exposed
to the plant or plant part in a quantity suffiBRERSARIBARE plant 30 development process.

fipparatuises for lelaying, dalant e velanmely piaess Rk lleaaL I RAstiaing hraaginods

described herein are further provided. The inventive methods and apparatuses of the invention may be -

used, for EXEPAISIBS BP9 EBIAYPFTItFCPABRI ISR POPRFVRACEERe SESHRIB HIAORS iftrB¥Ee the

shelf-life Ghcteria are selected from the group conmsisting of Rhodococcus spp., Brevibacterium
ketoglutamicum, and mixtures thereof, and wherein the one or more bacteria are exposed to the
plant or plant part in a quantity sufficient to delay the plant development process.

In a second aspect, there is provided an apparatus for delaying a plant development
process comprising a catalyst that comprises one or more bacteria selected from the group
consisting of Rhodococcus spp., Brevibacterium ketoglutamicum, and mixtures thereof, wherein
the one or more bacteria are provided in a quantity sufficient to delay the plant development

process.



fruit, vegetables, or flowers, thereby facilitating transportation, distribution, and marketing of such plant
products. As used herein, "plant” or "plant part" is broadly defined to include intact 5 plants and any
part of a plant, ifcluding begaaptilienitéd o frdit] vegetablesalowetdysemds doaves dearsiembryos,
pollen, oyyles branshes: ﬁ%&@@%ﬁ@%&g%@%@%ﬂ@ 400t R0t RS AMhers: angthe like. In

particular embodiments, the plant part is a fruit, vegetable, or flower. In certain aspects of the
inventionSRRWHTESt pafts Beeiaciere selrfiataiy s BinEetericontitings e8lrfRsdsr e detail
below. 1Gihaneeihods.and appaiatuaes of thedventiah aierdietted-Hdo delayiadaptantdevelopment

process, such.as a plant develgpment proce nerally associated wit e
biosynthepsrf}s"fldr ant develo %en?%%?eé@'ﬁs%ﬁ?@gﬁ %ege% h glaeﬁkgﬁtil%asr%&n%%r% 3@%&%&%&% procesof a
plant or preitidersiristied g oy to thiamedassiruit ripening, vegetable ripening, flower senescence, leaf
abscission, seeqylprggminaiienRadithediked mpartietiassehodiments, theuplantderaelgpment
process of interest is fruit or vegetable ripening, flower senescence, or leaf abscission, more
particulary RS S5REDE HSening. As defined herein, "delaying a plant development process,” and
grammatical varlantdiftiereuftrelfiers toramyididwingthindeivupgternns uppras siorlamniatibitoesof the plant
developmept process,ofinterash o slihRIS RO BRIGAL I8ACRIE Fhanges dedhe-Rlantarplant part

typically associated with the specific plant development process. For example, when the plant
developniBHe pRecESY ot mtsrast 98 Risitenseringrar dBIay e it s Sy Hidsy thtidieifiition of the
changes gerefalydssaciatedvyithditedipenintbrace sae. gelecaidfrohathgersaftenisigiof péricarp (i.e.,
ovary wall), increases jn sugar content, ¢ S 1N 25 , general gt fi ioration of the
ik ant o o e T e e abii). One of
skill in themesadliaieeras Bt 198 sngiritimeidatitedday thaipapetsvfiorrsecrirsfitvary
depending ont,] f%ﬁmg&i &El@ymeaaqﬁimi%am?m&aﬁu?@ejﬂ&@ma@@@mitimsmﬂm% (®ug., ol
temperature, humidity, air flow, etc,). Accordingly, " ing fruit. 30 ripening;' may, constitute a delay of
T 10 50 A B e B DT A, kg 50 g R EROE Tor BB  etay in
a plant development grotessesisobraly roitnipe siryswegatableripenipgt fowersemesbetio and leaf 6
abscissiop, ageq&@dkwt@uﬁa&mw"@?%@mﬁ ofdhassehordinaty skilkin.the artand may be based
on, for example, comparison to plant development processes in untreated plants or plant parts. In
certain a<HROEBFHe HvEH SRS fF a BRI RIGBIFEH: MEe&r&ﬂfﬁn@oﬁﬁﬁWﬁe" ractice of
the preserkdtietbads mpay Fe-bassessedietativeto Riatrbated:plants ol plantpartsdntoptants or plant
Parts thal igue: PAR0 UBAIRE.NINLOAR RIS pARIRKAOHTISLSIAIHIR AIRRLARYEORMEN Process
of interest. For examp?e, a deSIay In fruit ripening resulting from performance of a method of the
invention kB8 4&6Atpared to but ripening times of untreated fruit or fruit that has been treated with an
anti-ripening agent, such as those described herein 10above. The methods of the invention for
delaying a plant development process typically comprise exposing a plant or plant part to one or more
of the following bacteria: Rhodococcus spp., Pseudomonas chloroaphis, Brevibacterium
ketogiutamicum, or a mixture containing any combination of these bacteria. In certain 15
embodiments, the one or more bacteria include Rhodococcus spp., more particularly Rhodococcus
rhodochrous DAP 96253 strain, Rhodococcus sp. DAP 96622 strain, Rhodococcus erythropolis, or
mixtures thereof. As used herein, exposing a plant or plant part to one or more of the above bacteria
includes, for example, exposure to intact bacterial cells, bacterial cell lysates, and bacterial extracts
that possess

3a



20 enzymatic activity (i.e., "enzymatic extracts"). Methods for preparing lysates and enzymatic extracts
from cells, including bacterial cells, are routine in the art. The one or more bacteria used in the
methods anthdppaiatusas plcthe myventogiwnayiat, tiviedtbermaomdenenaly teterséddadierein as the
“"catalyst.” In etcg;ord nl(?:e Witth the e¥hods If)f th?e in‘i/entio , the one 60! more bacteria are 25 exposed
to the plameoar ﬂ)%‘fﬁf) Lhe ilﬁa% %%HT%&? ifiEERt 15 ?é’f}qt% }318%‘%388 éfgf)rr?%ht process. "Exposing"” a
plant or plant paftie greseitmarelofihe Facterambiiéciinvenitentinciudes alyariathad felapresenting a
bacteriumdto eri};ijd%lant or plantgart. Indirect meaS'lods of e>§Posure include, for exa gle,ﬁ)lacing the
bacteriunt 8f PR PSR Om%%rﬁ%ﬁe?gf ¥8§<i%ﬂ§/% Wéifﬁgn?%r Bfam"ﬁSrtO?. AGhditect 30
exposurepatti@ihelyembtididsentsuthe baateriainayibeexposeghiorthpplant B elanhkaariasa closer or
direct contact. Furthermore, as .definetg herein, a "sufficient” quantity. of the one or.moye bacteria of the
invention VITEEEEHG SR SNAMSEBF efﬁ%ﬁéﬁ%émﬁé“ﬁd‘? o ?t‘éc?’fB?fH&ep"irﬁéﬁ?Qﬁ Bacteria
utilized inghatmethod, the fesmlinwiidh dsiaackerialimexpestoioctheplartorqgilantgpast (8.9., as
intact bacterial ceIIs,EgEII lysates, or nzF\{matic tract 4,25 descrgbed ab ve ,tLhe means. which the
bacteria ignec%lgjsaéﬁe He pﬁéﬁfe %‘?ﬁpl i 85’1? “an %Heﬁﬁtﬁpgﬁﬁﬁ%egfﬂel%}‘osureo.sﬁ B'wollfd be a matter
of routinetkxpeatiieniatiomishi tredkille chattisamdoplieiat irinel foed ' sufficientbcauratitiiatthe one or

more bacteria necessary to delay t lant development pr s of.interest. _ Although in particular
embodimnt BRE T AR oo oV e e DAEHERS e be B B o AP et o
Rhodocoeaussiped Rebddenionbs eetiodeaphisr BrevibacteTihemkeloglusathigynaanydisicterium that

delays a plant.development process when.exposed to a plant or plant.part can be .used in the present
methods TP A SOrAt A OBy Bha e LS T 0 ST Sl f S apanece
Patent Appktaticn Ma. 41112949 03n ihadilonascuaiisgetdapandsd Mateniddppleation Nieid;4703,

Rhizobium [%eekéa anesg Patent Application No. 5-236{?7& Jf5 lebsiella, [Japanese P tept
Applicatioft Bio BSs08R LA HAL T S S B AT A RS S 2 A S rerium
[JapaneséoRateni ipplicatii antMeel Bripbdiog by Baeltwaddapanese Patent Application No. 8-187092],
Pseudonocardia [Japanese Patent Application No. 8-56684], Pseudomonas, and Mycobacterium are
non-limiting examples of microorganisms that can be used according to the invention. 20 Not all
species within a given genusBRa e XS @ SHde QFopEii &R AMIY (iSs possible to have a genus
generally known.to include strains capable of exhibiting a desired activit E(t;e. , the ability to delay a
partcular plant daEBERE HECREL Lok S20R BT R riamsasouehace B ore
species thatldoacotgeneyally drahibigtheldelsinetad tivitysdarigldrof the distdpsudesprowided herein and
the general 25 knpuidge In the arf, however, i wouid g s matter of routing experimengation for the
skilled artisan to carry out an assay {0 deterihine Whether s paﬁlcﬁ%}? species posses§es one or more
of the desigshagtivitids outBwuithers Jdesificatxamples] 0B bacterideusefictaat ondiggitto thethievention
include. byt are ot ligted. (o Nogardia shr. Rgdocaseus s Ricdocaceys 30 todaghious.
Klebsiella gB., Aefomonas sp:, Ci r%%actser ?reundu, grobac érium?ﬁllzogenes, ,&rgl]roebactenum

 tumefaciens;yXasthbbedterdidvasig ivivis i ititreres, tBaterebigtenssp., Streptomyces sp., Rhizobium
sp., Rhizobiunz ﬁb.@;&nggal’rl[)nviges non-limiting depictions of various apparatuses for retarding

fruit ripening. These apparatuses comprise a catalyst layer, one or more layers intended

to provide structural integrity, and one or more layers intended to be removed prior to use

of the apparatus. Removal of one or more of these layers may, for example, expose an

adhesive for attachment of the apparatus to another physical structure.



legminosarum, Rhizobium merioti, Candida guilliermondii, Pantoea agglomerans, Klebsiella
pneumoniae sugs2 pnegmoniae, Agrqbacterlum radiobacter, Bac[llus Sig mk%&iﬁyggpocardla _
thennophila, Pséddononas chloroaphis, Pseudomonas erythropolis, Brevibacterium ketoglutamicum,
Rhodococcus erythropolis, Nocardia 5 farcinica, Pseudomonas aeruginosa, and Heliobacter pylori. In
particular embodiments, bacteria from the genus Rhodococcus, more specifically Rhodococcus
rhodochrous DAP 96253 stain (ATCC Deposit No. 55899; deposited with the ATCC on December 11,
1996), Rhodococcus sp. DAP 96622 strain (ATCC Deposit No. 55898; deposited with the ATCC on
December 11, 1996), Rhogipgoceus syyropplis, 19.oriiures, Dsteal. aicaised,in the methods and

. 8 Non- F para ;
apparatuses of the |nyer1t|on. In certain aspect of the invention e one or more bacteria are

t
"induced" to exhibit & BE%Fe ¢ ARRIEIS PRAFETE HPtHE %ﬂ?ﬂ’hﬁ%@%&yg’ S elopment process such
as fruit ripening) by expdsiicamsict emmavrele svither Stiaibfer Friusinyagatentdoding agents include
but are not limited to asparagingrghdtaminbntndddbidiseaf arsdpranyfmmtudiadifereof. In particular
embodiments, thg bagigkia ank sxpeseinRtdiertadwithdedatvangaarbasparagine, more
particularly a mixture, of the Induging. ag6Ris, comprising. Asnaraging..cobalk.ansdhpyea. The inducing

agent can be added at any time during cultivation of the desired cells. For example, with respect to
bacteria, the culture %amaé%%%%%ﬁﬁ%ﬁ%ﬁ%ednﬁﬁﬁ? PRI ARG G Eh B HE S beginning 20
cultivation of the bactérafiaianitéenpiite bacteria could be cultivated on a medium for a
predetermined amount of time to grow the bacteria and the inducing agent could be added at one or
more predetermiged times to induggdhesiesiedenayoatieretivityirothe bacteria Moreover, the
inducing agent could be aqgggcggnmgegﬁggymmgﬁgm&%g@nﬁgq@@%%&including the previously
grown bacteria) to induce thte0 25 | esirg%,actg/i?/ iQizED&% nbactgri%ﬁ%ueli tlgoeﬂg@wghs of the bacteria is
completed. . While i e?ﬁfenﬁiarcfg t5"be fimited f% a parfll(l:ﬁxfap mecﬁa{ms,m, 'ﬁ%élucing" the bacteria of
the invention may reSivietReHiSdaensh iermdhe reioBa PGt GREBY more enzymes, such as
a nitrile hydratase, adiftéestivamdtd sujiarabinestucdnelitpitcdtobe tobrrdoreseinbre of these enzymes
may play a role ity delaying.ap|ani-3Rdeveinpim enviptocass afiniekest Wilittethydratases,"
"aroidases,” and "asp W%W.eﬂmimfmga&sm@&%@eﬁ@@ from various
organisms, including Gt net Iilechic, Racleria- Junglplanis, A0d AOIIRlE s UGH,O enzymes are well
known to persons of csﬁ‘fﬁsin_tf‘he art, ancf each class o enzyme possesses recognized enzymatic
activities. "Enzymaticclﬁ‘if’ﬁiﬂﬁ}?“é%‘bﬁ%ﬁf'herein, generally refers to the ability of an enzyme to act as a
catalyst in a process, suchrbsughentbprsriiesrion s Tegorrpesisig toF gHsmEic€ompound. In particular,
nitrite hydratase#s cataiyzes tHaeohnydlichsicobaitktelhrtieyarchypdfinitiodhemsotresponding amide (or
hydroxy acid). Amidaggsalahzes thephydepbisiselan Amidestedhecarmaesposding acid or hydroxyl
acid. Similarly, an asgg&a%g&em%né%ﬂ%p’sog @%ﬁmm@&% [,rg@!;g_lyzes the hydrolysis of

asparagine to aspartic acid. In'certain aspects of th& iglven ion, en msltic activity can be referred to in

10 terms of "units" per madLe G S B R B BT 1 S 2885 The ?:Y‘re)l/o\l?v%?!étht of the cells, e.g.,
units/mg cdw). A "unRiogreTrEiays cPEIRsIHBE PECHBARY O CORIVE RPA '8 SRCHIT ARTBHM?0f a compound to a
different compoutid ungetiaidefihetiseast,dfcooridiiorsiasmdfdriates oltirechragécific embodiments,
one "unit" of nitrite hygatasenaetivi s aiale Jothepabilijniccanvetaneelsral of acrylonitrile to its
corresponding am|deﬁ&g%%ggﬁ%gsﬁgBm»&grcgggl‘pjp‘ggﬁe&gg%%|g,|rz’g,)091;h§s’pH_(_)f 7.0 and a _
temperature of 30C, Similar ly, one umt of amldéalse U?Ictlynlty a%rr%laggeto 5:threma})traéllty to convert one limol
of acrylamide to its cBIFB&EBRAETHG B BErhinUTS. per rﬁ‘?f%f‘é\r% Of Cells (dry weight) at a pH of 7.0
and a temperature oSG2 FuptpRsrd Sbe Bl SPRSHEFLY hESEHCHATFEAn FAaIe RPthe ability to convert
one umol of aspaFagireckpitsiqoerespopmirigadid jkrae: minuteclopnawifiicpantiof cells (dry weight) at a
pH of 7.0 and a tempekaiiseiat:3RG A SRy Hodmeasuiinghitki aftyslpatase, amidase activity, or
asparaginase activity,ALessauia iR Akt aRddnsisendar sxamnie, dhedatection of free ammonia.
See Fawcett and Scott (1960) .1. Clin: Pathol. 13:156-159, which is incorporated herein by reference
in their entirety 25Methods of delaying a plant development process comprising exposing a plant or
plant part to one or more enzymes selected from the group consisting of nitrite hydratase, amidase,
asparaginase, or a mixture thereof, wherein the one or more enzymes are exposed to the plant or
plant part in a quantity or at an enzymatic activity level sufficient to delay the plant development
process are further encompassed by the -




30 present invention. For example, whole cells that produce, are induced to produce, or are genetically
modified to produce one or more of the above enzymes (i.e., nitrite hyd%%%zo%%gsi?ee’ and/or

asparaginaseyr(r)i%%? &ti¢ed in methods to delay a plant 10 development process. Alternatively, the

nitrile hydratase, amidase, and/or asparaginase may be isolated, purified, or semi-purified from any
the above cells and exposed to the plant or plant part in a more isolated form. See, for example, Goda
et al. (2001) .7. Biol. Chem. 276:23480-23485; Nagasawa etal. (2000) Eur. J. Biochem. 5
267:138-144; Soong et al. (2000) Appl. Environ. Microbial. 66:1947-1952; Kato et al. (1999) Eur, J.
Biochem, 263:662-6%&1 agrlmq)‘ WQL%@ are herein incorporated by reference igfg&ggfentirety. One of skill in

bR H
the art will further appre}élatevteﬁat a gl?ﬁag e ce o&%éﬁ?n%?ﬁea%a]é%‘gﬁeea,o Jroducing (or being induced or
Br (A IS, Such cells are

genetically modified B brSERRET MOV thaREHe Bt TR RZFR |
suitable for 10 use irrtietigefosdalmeméls and apparatuses.  The nucleotide and amino acid
sequences for several nitrie hythathshsndimideise padinichasgiaidydasesiiomavarious organisms are

disclosed in publigly availakie.spagnerraatasas: Adeidintiag ligkefrgpresantative nitrile
hydratases and aliphglic amidages known i the art is. et foRhi0; Tablesd@ad 2 and in the 15

sequence listing. The oE\{groteln score” réferred tﬂtlnellr.;{{;l’?‘?les,l and béo J)rowd S gn overview of percentage

confidence intervals (oA T HBRAN St TR eHtineRton or the 1Sotated proteins based on mass
spectroscopy data. Tabfeis veeamhle RERF Sl IR A AFGR TRoR &5 RCE AV Nitrite Hydratases
Nocardia sp. 2726187t Se@rHlidaP: thedeRfodosdertsedingonlirsd SAF058 SEQ ID NO:3 100%
Uncultured bactegium (BD2): hetaaseaupieefuniilenbyséaiasge directed to delaying a plant

development process, such as a plant development process generally associated with
increased ethylene biosynthesis, “Plant development process” is intended to mean
any growth or development process\ef & plant or plant part, including but not limited
to fruit ripening, vegetable ripening, flower senescence, leaf abscission, seed

15  germination, and the like. In pasticular embodiments, the plant development process.
of interest is fruit or vegetable ripening, flower senescence, or leaf abscission, more
particularly fruit or vegetable ripening. As defined herein, “delaying a plant
development process,” and grammatical variants thereof, refers to any slowing,
intenuptioﬁ,‘“suppression, or inhibition of the plant development process of interest or

20  the phenotypic or genotypic changes to the plant or plant part typically associated
with the specific plant development process. For example, when the plant
development process of interest is fruit ripening, a delay in fruit ripening may incinde,
inhibition of the changes generally associated with the ripening process (e.g,, color
change, softening of pericarp (i.e., ovary wall), increases in sugar content, changes in

28 flavor, general degradation/deterioration of the fruit, and eventual decreages in the

désirability of the froit to consumers, as described above). One of skill in the art will
appreciate that the length of thme required for fruit ripening to occur will vary
depending on, for example, the type of fiuit and the specific storage conditions
utilized {e.g., temperature, humidity, air flow, etc.). Accordingly, “delaying fruit

30  ripening” may constitute a delay of 1 to 90 days, particularly 1 to 30 days, more
particularly 5 to 30 days. Methods for dssessing & delay in a plant development

process such as fruit ripening, vegetable rpening, flower senescence, and leaf



27657379 SEQ ID NO:4 100% Rhodococcus sp. 806581 SEQ ID NO:5 100% Rhodococcus
rhodochrous 581528 SEQ ID NO:6 100% Uncultured bacterium (Sri); alpha-subunit of nitrfie hydratase

7657369 SEQBREH1H0% 20 11 CT/US2008/055286

shscission are well within the rovtine capabilities of those of ordinary skill in the art
and may be based on, for ekample, comparison io plant development processes in
unireated plants or plant parts. In certain aspecis of the invention, delays in a plant
development process resulting from the pfactice of the present methods may be
5  assessed relative to untreated plants or plant parts or to plants or plant parts that have
been treated with one or more sgents known to retard the plant development process
of interest. For example, a delay in fruit ripening resulting from performance of a
method of the invention may be compared to fruit ripening times of untreated fruit or
fruit that has been weated with an anti-ripening agent, such as those described herein
10 above.
The methods of the invention for delaying a plant development process
typically comprise exposing a plant or plant part io one or more of the following
‘bacteria; Rkoﬁacoccus 3pp., Pseudomonas chloroaphis, Brevibacterium
ketogluiamicum, or-a mixtare containing any combination of these bacteria. In certain
15  embodiments, the one or more bacteria include Rhodococcus spp., more particutarly
Rhodococcus rhodochrous DAP 96253 strain, Rhodococcus sp, DAP 96622 strain,
Rhodococeus erythropolis, or mixtures thereof. Asused herein, exposing 2 plant or
plant part to one or more of the above bacteria includes, for example, exposure to
intact bacterial cells, bacterial cell lysates, and bacterial extracts that possess
20 enzymatic activity (i.e., “enzymatic extracts”). Methods for preparing lysates and
enzymatic extracts from cells, nchuding bacterial cells, are routine in the art. The one
or more bacteria used in the methods and apparatuses of the invention may at times be
more generally referred to heren as the “catalyst.”
In accordance with the methods of the invention, the one or more bacteria are
25  exposed to the plant or plant part in a quantity sufficient to delay the plant
development process. “Exposing” a plant or plant part to one or more of the bacteria
of the invention includes any method for presenting a bacterinm fo the plant or plant
part. Indirect methods of exposwre include, for example, placing the bacterium or
mixtose of bacteria in the general proximity of the plant or plant part (i.e., indirect
30  exposure). Inother embodiments, the bacteria may be exposed to the plant or plant
part via closer or direct contact, Furtbermore, as defined berein, 2 “sufficient”

quantity of the one or more bacteria of the invention will depend on a variety of



Table 2: Amino Acid Sequence Information for Representative Aliphatic Amidases Rhodococcus

rhodoclirous 62461692 SEQNO:8 100% Nocardia farcinica 1FM 10152 5402272
T/US2008703828

Pseudomonas RG4S PAOL 15598562 SEQ ID NO:10 98.3% Helichbacter pyior

SEQ ED NO:11 99.6% Helicobacter pylori 26695 2313392 SEQNO:12 97.7%

10

15

20

235

30

factors, mcluding but not limited to, the particular bacteria uti]_jzed in the method, the
form in which the bacteriz is exposed to the plant or plant part (¢.g., as intact bacterial
cells, cell lysates, or enzymatic extracts, as described above), the means by which the
bacteria is exposed {0 the plant or plant part, and the Jength of time of exposure. It
would be a matter of routine experimentation for the skilled artisan to determine the
“gufficient” quantity of the one or more bacteria necessary to delay the plant
development process of interest.

Although in particelar embodiments of the invention the one or more bacteria
are selected from the group consisting of Rhodococcus spp., Pseudomonas
chloroaphis, Brevibacterium ketoghitamicum, any bacterium that delays a plant
development process when exposed to a plant or plant part can be used in the present
methods and apparatuses. For example, bacieria belonging te the gemus Nocardia
[see Japanese Patent Application No. 54-1291901, Rhodococcus [see Japanese Patent
Application No. 2-470], Rhizobium [sce Japanese Patent Application No. 5-236977],
Klebsiella [Japanese Patent Application No. 5-30982], Aeromonas [Japanese Patent
Agpplication No. 5-30983], Agrobacterium [Japanese Patent Aﬁplication No. 8-
1546911, Bacillus [Japanese Patent Application No. 8-187092], Pseudonocardia
[Japanese Patent Application No, 8-56684], Pseudomonas, and Mycobacterium are
non-limiting examples of microorganisms that can be used according to the invention.
Not all species within 2 given gerins may exhibit the same properties. Thus, it is
possible to have a genus generally known to include strains capable of exhibiting &
desired activity (e.g., the ability to delay a particular plant development process such
as, for example, fruit ripening) but have one or more species that do not generally
exhibit the desired activity. In light of the disclosure provided herein and the general

‘knowledge in the art, however, it would be a matter of routine experimentation for the

skilled artisan to carry out an assay to determine whether a particular species

‘possesses one or more of the desired activities.

Turther, specific examples of bacteria useful according to the invention
inctude, but are not Limited to, Nocardia sp., Rhodococeus sp., Rhodococcus
rhodochrous, Klebsiella sp., Aeromonas sp., Citrabacter freundil, Agrobacterium
rhizogenes, Agrobacterium tumefaciens, Xanthobacter flavas, Erwinia nigrifluens,

Enterobacter sp., Streptomyces sp., Rhizobium sp., Riizobium loti, Rhizobium

SE

ID NO:9 100%
99 15611349



Pseudomonas aeruginosa 150980 SEQ ID NO: 13 94% Generally, any bacterial, fungal, plant, or
animal cell ca%able ofProducmg or being induced to produce nitrile hydg%;ﬁ% g}'lds

0
asparaginase, or any 'é&Wbination 5 thereof may be used in the practice e mven |on A nitrile
hydratase, amidase, and/or asparaginase may be produced constitutively in a cell from a particular
organism (e.g., a bacterium, fungus, plant cell, or animal cell) or, alternatively, a cell may produce the
desired enzyme or enzymes only following "induction” with a suitable inducing agent. "Constitutively” is
intended to mean that at least one enzyme 10 of the invention is continually produced or expressed in

a particular cell type. Other cell types, %vgr?%egaw need to be e ind lmcae .as described above, to
ticul Il t Oth I h dt d,” d ibed ab t
tgl

express nitdle hydratag'gm%?fzﬁf 4se-andlor aspar dseata su iclent antllgy 'Gr enzymatic activity

level to delay a plant HETElSEeer s oHEEFor RSt PRt e RPEP e invention may only be
produced (or producediéit. stfidiersridy digyfoliduitigdrgosuwiorsete.ditrdamient with a suitable .
inducing agent. Sucheipfiiping ReeRisaie kawriiheRbdland.oulinesbahdverFor example, in certain

aspects of the |nv§nt}9,gmm}gggo%mq§uggggglggdyﬁgg&w%jthﬂ%m;ﬂclng agent such as

asparagine, glutamine cg‘maltds Léggtg of ; mlxtu Gcear&%wcn‘ mrgr%rseegg&g}% L3 Mixture of asparagine,
cobalt, and urea. Furthermore,’ as os end |n plication No. 11/669,011, 20 entitled
"Induction and StabilfZa{R5HBf E‘ﬁ%ﬁ?ﬁ?{ﬁ? Wi%? RWF&‘%%P&% S‘}ﬁ?s‘t‘fﬂ@ﬂ J%lﬁﬁgﬁf 30, 2007,

asparaginase | activity BaivihariHe iROSH A rdaesde code i HRHBET A IS DR®PgEE22 (Gram-positive) or
Rhodococcus sp. DARB9S 253 st att-posilive yriDetagciulh S@ppRindemted with-aiide containing amino

acids, or derivatiyes {hereef.-@thar, st alasiohRhatacaccys.can-asadietarantially be similarly induced

o exhibit 12 asparaginasg,, erpﬁym@&go%%%n%mﬁgn@@ga&&@mw AdRiAe geids, or derivatives
thereof.  In other aspects of the |nvent|on P é,igroag |§a§7 TICC Delgosn No. 43051) which

produces asparagina®& Rt ﬁli‘sfﬁ%eﬁsrtcs%ﬁ(tee R e S BT B &famicum (ATCC
Deposit No. 21533), &‘@P&ﬁ’\“ﬁ@@mW&&éﬁ%%&%@%&%’éﬁ%%@%ﬁ&@%duce asparaginase
activity, are used in thewliscipsaduheittiotiss fayligatdcesmamgih, astthivsesfhainiie Yenus Fusariunt,
plant cells, and aimakcelsrthatexnressam tils mdial ase.anal dasepandionr amasparaginase, may
also be used in the nﬁmggﬁggggm@%m qiglglmg}@r%@mgﬁl@&gmﬁég@‘gs or as a source
from 10 which to isolated one or more g\boveﬂ?e mes. In addétlg@qal egnbomments host cells
that have been genefJ ca?fifm%]asf’negn eap ?o éxpress a nitri ﬁ agatase amlofiase and/or asparaginase
can be used expose&W&"B’I‘é‘ﬁ?‘ﬁ’r"ﬁfﬁ?ﬂeﬁﬁﬁ‘i?’llsageﬁ?ﬁaﬁi%ee“ﬁfﬂﬁeﬁfg Eﬁ"rE%E"ﬂf"r%&thods and apparatuses
for delaying a plant devetopsientprbcessl-Spedifidh iy indupos et BT ddwiBtRh codes a 15 nitrile
hydratase, amidase, al:aspardgianseHorAanttiple pobinuteatitiesdackedinvmetizancodes a nitrile

hyciratase, amidase, gr asRaRginasE)mayhe inkeducedbt. slandasd.nglaeuankiology techniques
into a host cell to proglucagegag%nsgnfm% cﬁ th J%a}atz sgﬁuger@eggsmgggz%mga%mes of the
nue e

invention. The use of the terms. nucleotide construct,” "nycleotide," or
"nucleotide construct‘“%'i’é"ﬁﬁ%|§f&rﬁﬂéﬁ%1ﬁmﬁ%ﬁgﬁ¥§@’éﬁeﬁ%ﬁf“ﬁ 1%"6313%" Wotides or nucleotides
comprising DNA. Thdgeeofserditramicsidioiindme Beewiirrde sEvi FrtHED SolfGeRbtides and nucleotides
can comprise ribemuclentidesvans he baberatitn s:ofmibd nlidldefidds sadriegxyribonucleotides. Such

deoxyribonucleofides and fihgrucigetigigsdaslidadiothraiualy.pecul ringuagtegrles and synthetic
analogues. 25 The polypu Ci?%“%%%&’&‘l&l%‘!&&ﬁﬂﬂ% Alan.encenpRss Aldarms, Ak seauences including,

but not limited to, single-stran forms, double-stranded forms, and the like.
ot more enzymes, such as a nitrile hydratase, amvidase, and/or asparaginase, and the

induction of one or more of these enzymes may play a role in delaying a plant
30  development process of interest. “Nitrile hydratases,” “amidases,” and
“asparaginases” comprise families of enzymes present in cells from various

organisms, inchuding but not limited to, bacteria, fung, plents, and animals. Such



Variants and fragments of polynucleotides that encode polypeptides that retain the desired enzymatic
activity (i.e., nitrite hydratase, amidase, or asparaginase 30 activity) ma in the practice
of the inventio‘ﬁﬁé)é(flﬂéllrggs%ent" is intended a portion of the polynucleotid}é%la%%gsr%?é% g S0 encodes a
portion of the corresponding protein. Polynucleotides that are fragments of an enzyme nucleotide
sequence 13 generally comprise at least 10, 15, 20, 50, 75, 100, 150, 200, 250, 300, 350, 400, 450,
500, 550, 600, 650, 700, 800, 900, 1,000, 1,100, 1,200, 1,300, or 1,400 contiguous nucleotides, or up
to the number of nucleotides present in a full-length enzyme polynucleotide sequence. A

polynucleotide fragment will encpde a Qol ge}gtiquwitkhﬁ deéirelg gsz&fmatic activity and will generally
encode at least 15, 2%,330&,‘ %rﬁwi%o 0%6%06 gri5omco%%’ﬁ?)u?c.aror%no zfmdsfor up to the total number

of amino acids preseffFi S fGRTAGHFERYMIE S H i o ARH LR 4t B FRPention. "Variant” is
intended to mean subsrEHiTAR SN IR LEHRIeneBEs G AS PA MR AN STeTeEs FaRieUR®r enzyme sequence
of the invention will have:sitied sicalopted O8omd Seh;ob08end 38 ba it BO M6 59452800, 75%, 80%, 85%,
90%, 91%, 92%, 93 %A% 19 Bi1969%: A D8NaID9%K) @ HeesL-ERaUBNEAdERRLtY to the reference
enzyme sequence, ag defermined by standard; sequance, allonmentiy ogramssyariant polynucleotides
encompassed by the mventl%n wﬂl,gng,ode ég%%/égeggldes with the oLezlred enzyme activity. As used in
the context of produciSiT oY FrERE TN Betis REPeR 1S HR St * I Hiehdad to mean presenting
to a host cell, particutaryzs MdpeBHFa TSR SH REREEREIthia cob, with a polynucleotide that
encodes a nitrite hydratasé; aradasesahtiorasiey agirmesse adiviprrebenfodithents, the polynucle,otide
will be presentedgn seieh & maenef thalthe-seauenpa:gaing aseessiodhedinieronef a host cell,
inclurling its potential,gserfiqn.inia the, 9gngme.atie bastsell e AAmethags.ef the invention do not

depend on a particular method for m%rodlél a se ue(pceaint gng‘?stt cpll 8995 that the polynucleotide
! : Cﬁ' Wgoﬁ h ) )
gains access to the |F'ff'é)ﬁ%r°%?°§¥ feas %ﬁe oet Calt Metho sa%r Intro ug?ng po?fﬁﬁcleotldes into host

cells are well known Trerer SFiRfc BRSBTS SR B SRl AREret 8 Rt ds, transient
transfection methodselaiadh Virubiliyeakatesd: me el 25iamlefa isfertiemmdie immidsaed 25 to mean that
the polynucleotide camsitegtd pimagusc et Qg hasiicel integrates inamheugedoph@ of the host and is
capable of being inhegitadiby.ihe.Pseashvthaiaetx Hinbsienttansiestien o piiarsient expression” is
intended to mean that & polyncleotde.is puodlcesl k9 1e:gsh SELLRNSGRRAPkntegrale into the

host's genome. 30Fuartﬁermore,stﬁérn tr rates, amidase, o[ asparaginase nucleotiele sequence
may be contained orf ng"&%?ﬁ?)?é?nﬁ"ﬁ%?ﬁ}(& 15 RHFBaRSA" tlﬁg?)s?ﬁ%gﬁf)%ta&%ﬂvf%ical plasmids of
interest include vectorkthavingtaistinserit AmgaiteSaereite 2 4 Grrapntiaastidefid selectable markers.
The plasmid mayofurisseneitiisigran sbriicry andhty analBitid i inidatiorpseguens®€.and transcription
and translation termingigksoRissMidsicanaisa.lncude grtatcexpinsaisrcassekes containing at least
one independent terminator Seglence, seqyences. R/ Riting seplication;of dhe cassette in

5eukaryotes, or prokaryotes, or both éﬁi .shu ectors) and selection markers for both prokaryotic
and eukaryotic systeﬁ@?"\‘f@ﬁﬁfgﬁé}g‘g |t%{ﬂ’e f‘g%”?eéiga%lc?%’ g%&%ﬁt’@‘éﬁ%%%%%sﬁ%ryotes, eukaryotes,

or optimally both. Forseries & Bré@fisttons of cloning, packaging, and expression systems and
methods, see Githinan and\8tinidh of 179} 43 phet 8819 nRubesteuriing taRTRNGtare 328:731-734;
Berger and Kimmel 101989 &xaide ieMeoleaw asdclaning aghpicuesidleatieds in Enzymology, Vol.
152 (Academic Presiym&%%ﬁa@g’eag@m iforpia)ieanbekalal {1989 Melecular Cloning: A

. Cold

Laboratoty Manual,Vols. 1-3 (2d ad Spring Harbor Laboratory Press, Plainview, New York); and
Ausubel etal., eds. (fﬁ@ﬁeﬁgﬁ”é"rﬁ’fﬁg% oec%?ﬁfﬁ‘ﬁﬁ%ﬁgﬁ%? g%?bwf%ﬁreflézﬁ? b@‘:o%%“é’%ifs (Greene
Publishing Associate'€qiremssreratin Sepitp 4 doBBRP A REW PR TFs S SMement).
Transgenic host3elltet @xpross neominoroloktheterprytnesasinbieshipamibecraay be used in the
disclosed methods  are genetically modified to produce one or more of the above enzymes (i.e., nitrile

hydratase, amidase, and/or asparaginase) may be used in methods to delay a plant

10



and apparatuses as whole cells or as a biological source from which one or more enzymes of the
invention can be isolated. Apparatuses for delaying a plant development e for performing
the 20 methodS b e iintion are further provided. In particular emboﬁ%@%%@ié%ggﬁéparatus for
delaying a plant development process, particularly fruit ripening, comprising a catalyst that comprises
one or more bacteria selected from the group consisting of Rhodococcus spp., Pseudomonas
chloroaphis, Brevibacterium ketoglutamicunz, and mixtures thereof is encompassed by the present
invention. 25 Rhodococcus rhodochrous DAP 96253 stain, Rhodococcus sp. DAP 96622 strain,
Rhodococcus erythro‘PoI's or ix{;(usgeil*pea[uev%f %%&Qﬁe%sa%gais% cer %ig a%ﬁggzcts of the invention. The
one or more bacteria gf’a??_appg?a us of the Invention aré provialé1 In"a quantity sufficient to delay a
plant development prEEEE BT R el et o SPRR S R s e FagpBlieF the invention, the
‘catalyst comprises orepeteitiole Bagyrnk 3O (henatiivied fracse, ferrienre Gedwitor asparaginase) in a
guantity or at an enzyn@tic primatyClemet Btficieries; tepayes plah2deyEophment:process. Sources of
the desired enzynges for. 488 @AssocAlAl o Rs A PPAAIURES R thelayantioR Ase.also described in 15

detail above. For exam Jgg_ % Cﬁ@!}éﬁém%:%-%%?gli&%ﬁ%ﬂe%%@%o&%'&%}hat produce (or are

induced or genetically modi |_eor't_o pr_oducﬂen)rsone,o,r more of the enzymes qf the invention or may
comprise the enzyme Sy ea M SsR B8 2 RsBisii e Bo sy’ %‘Fhfjé?‘?%’[%cbartﬁ%ﬁ 18RA° sApparatuses for
delaying a plant devetelptmeRephoeaaieshivoiiiizsCrtrhy e ssrtimlenadhefiay be provided in a
variety of suitable formats:@ndriiay dve cipropnatefie singtou Sad e dtiplatabbder(e.q.,
"re-chargeable") jfFurthesaerssdhe: appadadusgsakdhe invention find use in both residential and
commercial settings. For example, SUGh BRRAAINSES SARe-Iniegraler dnlgLesidential or commercial

10 refrigerators, included in trains, trucks, gtc. for Igg églgsagrggigggpgpor&%{%{ruit, vegetables, or
flowers, or used as st SToRE MRS Tor The § orage or transpor_? olfgpc Plant products.
Exemplary, non-limitiftjilsplp sraeascs'drtrfe Arranioirale oeermuiarsily B’éﬁ&?\?eﬁnd depicted in
Figures 1-4. In particaterimntiogmderkadimeicttaly it sg forduidablan! ardihanddbMzed format. 15 Any
process or matrixfor isgraebititig thegakalysinayhel used-snslong agbhideakility of the one or more

bacteria (or enzymes), g delay.aplagt dexelopmenkpicessdsetainatanexample, the catalyst may

be immobilized in a matrix comprising.algijnate (e.d., calcium, alginate), carrageen, DEAR-cellulose, or
polyacrylaraide. Otheﬁsﬁéﬁ%‘%ﬁ%%%%%%%ﬂ%%g n frslc?ﬁsé%ﬁ and may be further cross-linked with 20
any appropriate cross-linking agent, including but not limited to glutaraldehyde or polyethylenimine, to
increase the mechanicdksaéntytioafethseraradysbrmetmmdorfarreeaspediisithedniiention, the catalyst is
immobilized in a glu rly the
catalyst in an immobsisase St T A Sec “EA catalyst
module 25 element d,ompﬁ%‘é’g acatBlyst, SucH%S8n immobifiZed" a’tal'vét, withiV%A additional
structure that, for ex ample,f\f@mdc‘;es-potemjial?d’éﬁt%?dt with tFRREBRIRIAL, facilitatesomeplacement of the

catalyst, or permits aiiieN.a5tPomib@eadlystaso54n one esehadineent, the matrgepmprises alginate,
or salts thereof. Algiratesis-atineasGrpotymerwith-homopotymeric bfocks of (1=4)=finked™
B-D-mannuronate 30 (NBmpnchétssmaiapimer a7#65Garonat8EQ3P aitiues, respaotively, covalently
linked together in differentgdlgisgirtes or blocks. The monomers can appear in homaopolymeric blocks
of consecutive (3-residueSCBBrEERE), consectifivt M-fesidFadD NO=3 100%
Rhodococeus rhodochrous 581528 SEQ IDNO:6 100%
Uncultared bacterium
(SPY); alpha-subunit of 7657369 SEQ ID NO:7 100%
nitrile hydratase

20
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16 (M-blocics), alternating M and O-residues (MG-blocks), or randomly organized blocks. In one

embodiment, calcium alginate Is used as the substrate, more particularlg cTa}[II%isz}rréf%lg%Qﬁate that has
been cross-linwgiggﬁ%% 45 with polyethylenimine, to form a hardened cAflm S ginate substrate.
Further description 5 of such immobilization techniques can be found in Bucke (1987) "Cell
Immobilization in Calcium Alginate” in Methods in Enzymology, Vol. 135(B) (Academic Press, Inc., San
Diego, California; Mosbach, ed.), which is incorporated herein by reference. An exemplary method of
immobilization using polyethyleneimine cross-linked calcium alginate is also described below in
Example 10 5. In another embodiment, the matrix comprises an amide.cor

polymer comprising

embodiment, the su
immobilized catalystTizaffix LarT HeaGIneved gihpiigh AR ol P
chemically cross-linked-to-15-form-agglutinations-of-cellsn-one-embedimentcells-harvested are
cross-linked using glutafs agﬁgé%?lfg%‘%xalmﬁ@?@@% ¢an BEXEHPERded in a miGre of de-ionized
water and glutaraldehyea.deHsuce-tymaadiion ol 3oy efnylgneRRs Hntl maximgByglocculation is
achieved. The cross-linked c@#®(typically in the form af particles formed|of a number of cells) can be
harvested by simple|filtFatiohedeupitier 20 deséfPith of sucHREeARIddes js providéin Lopez-Gallego
et at (2005) BiotechpoleddbSnat®-mErighieh is heyBh2inqorpskatedNgylzeference if7itstentirety. A general

protocol for immobilizatignalraie-Raieularny i 5@d0CoCRESPREES, N DEAB4GEIUIGSE cross-linked

with glutaraldehyde is-also-outlined-betow-trExampte-4—25icertain-aspects-of-the-invention, the

immobilized catalyst or one or more catalyst modulle elements 1reglel[ce ind Q}_L?C(i‘d on, or affixed to a
"physical structure.” The pR§STER S RBRFE M EIBESBUY IEREL STmitE o PRIt Sh8et, coating layer,
box, pouch, bag, or shste@EpriRFErEaPEBEBFIRSfA BReBEIHENE CataNSETBdte elements. In
certain embodimentsihthefphy Sicabstrtictoreticorfiprisestidcohanie h80suitabidafar transport or storage
of fruit, vegetables, opfieywass«giie: Py siGa st chuseninay, thithameampasaimore than one individual
struciure, whereby a'u%ms 6@?}!%&(%%%?&@(%&%9%9&?&1%@eﬁé&%‘eﬁ?{%@ﬁﬁ or catalyst module
element. A 17 physica strﬂctu&e escribed herein aets)g]\llle g@gx}g ﬂoﬂ%' ,,b“(;i efrigerated by external
means or comprise a TafRgeration unit within ?ﬁeé“zﬁ'ﬁlysmgl struc

efrigeratl within the phys ré Itselt. ements for monitoring
the efficacy of the cafdifele faHasgmy é:fﬂﬁ?i{“d@%ﬁn‘ﬁﬁ‘}@?‘}t%@é@t BrFATAESETEY., to assess when
the catalyst or catalyst frduhshéion ishotindizreplad otlyprdisd mepastipileg ok ephtking air flow, moisture
content/humidity, and:gasbansiexdt edevelsinadae-aptic nalyhinchste disaaapgaratus of the
invention. Any appargiusfr gdelayindaRiant developmentRinasssmaydadherggmprise one or more
elements tq perm!t gl{cyé%g ﬁgfog t%%é]{g ‘;[hlg a;gégssstog}gl 1%%@'%%%{@9&%@&%’@%@? The sklll_ed artisan
would readily envision other 0 5055| & modifications to tﬁeﬁﬁ){)aratuses, escribed herein for
B MR U Bl e S
evels) of the catéystt L) . tions such as
temperature, atmosphesi@ comgabitantte cgampdlativetiiummelityo @i anattBdenels, physical stress,
light, chemical stress,radiation . walgtsiiess. kil sed Walprsgandrathegen attack play an
mportant role n respiglipn fales, andagRIICAY MARGLNPY .ok Llsgeggiables. flowers, and

3 tho g 2 4 d b 3 ]

other plant-related products. u temgerat,ure andtzjal mos%e heric 051%%85:? for storage vary
depending on the fruﬁ‘}‘\)@ﬁe%’é{“&?f&ofﬁgﬁ bﬂ%“'ﬁt“’rﬁ%‘g’ﬁﬁt_o TREIEER fk ot ded storage
temperatures ar@typreailss ifndieivn e St b Rerutn 20y Witk ogrsms,” filed

January 30, 2007, asparaginase I activity can be induced in Rhodococcus rhodochrous

. DAP 96622 (Gram-positive) or Rhodecoccus sp. DAP 96253 (Gram-positive), in
medinm supplemented with amide containing amine acids, or derivatives thereof,

Other strains of Rhodococcus can also preferentially be similarly induced to exhibit
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20 CO2 levels in the approximate ranges of 1-10% and 0-20%, respectively. A relative humidity of
about 50% to ab%('gs}(%g%g[, particularly 85% to about 95%, more particu@éyﬂ%g%g}i}%go o to about 95%
is generally reCOmMmEendad for the storage of fruits, vegetables, and relateéd plant products. Given the
significant correlation between respiration rate and shelf-life of plant products, control of the above
factors is 25 important to delaying the deterioration of such products. Accordingly, a carbon dioxide
scavenger can be provided in the apparatus to reduce the carbon dioxide content.  In particular
embodiments of the invention, air-permeable catalyst apparatuses for delaying a plant development
process comprising multiple layers arg provided. 30 For example, as shqwn in Figure 1, a catalyst
apparatus 10 can incffférep%nﬁfgi{%wémfsgﬁ%g%%%%% ?ﬁ%ﬁ%@éﬁ?@ accéﬁtsélc))/rst layer 16 located
between the outer lay8r&TS 43 4. The catalyst layer 16 comprises one or more bacteria (e.g.,
Rhodococcus spp., 18 PsButherawmusc iirdrsaispis” Bieviprtéhitirh Rewesiieafdfddin, and mixtures
thereof) or enzymes (&idhitsitetdoydratagizga nidaseindsparaginaSepyeagtannd@res thereof), wherein the
one or more bacteria;s.ghabes@eotyiEerdn 513y aditn sufficianttacatlaythqiplant development

process of interest, a&@n%h%%'%ﬁ&e‘%ﬁﬁ%ﬁ@@% &N, QPG 8k 2JhQre 9fdbe outer layers 12 and 14
provide structural int%%ig% to the cat%lg/st apparatus 10. The outer Ja ers 12 an?l 14 typically pent air
I al cplls, that

flow to the catalyst labBEL & &itAShEH I S8 b dTRaRt TP THay Do AtvantAySaUs to have an outer
layer that is not air-p&rpfEabIE e yiiRspPafat: ST AS tRESitrEcor th&B Sk urtftfere is a desire not to
allow the outermost |aytpdsfath epprostes displosé hencstdystwhgierds thes 4 emvframment. The catalyst
apparatus 10 camgbe wrayisleskdadraldsahle: of thomdeusable. bags or pouches in accordance with the
invention. In one embodimgnt ihe.catalvstdayerd &comntises RDOdesRraHs s ells, particularly
Rhodococcus rhodochrousa%% grzaa:gestraggl, I};g]t&ggsc%%cugs sp. PAP 96622 ds[grgin, Rhodococcus
erythropolis, or Mixtufes thereot, ac erigﬁ:effé UiiZeq a8 a catalyst in an a paratus of the invention
15 may be induced V\Hﬁﬁ‘tﬁﬁ@aﬁ‘rpﬁ’iﬂ?@ﬁ?ﬁﬁ&?ﬁ@%@rﬁ'ﬁs@ﬁ‘?fkﬁgbﬁﬁ%ﬁﬁﬁ?{é‘f‘ﬁfﬁé’mine, cobalt, urea, or a
mixture thereof), as deberibenidnt drthiieiybvecsiginediaiy 2Qoiiursieatdedtns eaeedes apparatuses in
accordance withtthe imventiaadfer delayingsapianisd evelapmantyprdeegss ehltegevsigparatuses comprise
multiple layers, whergﬁ%@ggm&%é%@%@@@gﬁ%@\@}lg@ Asosheywy Whigure 20 2A, the

apparatus can include an ir-p rmegble structyral Ialygrngﬁ% and.a ¢ sk layer 24. Removable layers
26 and/or 28 can be E‘P%ﬁ“?f‘éa cg?(%%g the structural I?fye? > and/or the gnatg:%gt layer 24 and are typically

intended to be remoVEF PP TEMY OPABHVRTTS TR ECRER P Bt B a8 B ects of the invention, the
removal of the removableniglgeids, D palrmickgtids prasedn atedire tharicitaresPidcement or 25
attachment of theocatalysinstidrdturéntota separatenpiny/sisdistisgtiirer Figered®B illustrates an alternative
embodiment wherein the ARPaRAUSRE: BIcliEes dwoidik-RerBsligisiuatural layers 32 and 34, an

intermediate catalyst |gyer 36; and. . emayable Javer.38.Gioue:aGlusitaiarysk another embodiment
wherein the apparatus 40 includes two ajlgggféergedaﬁ u%}tlrklctur%g@/ers 42 and 44, an intermediate 30
r

catalyst layer 46 and’fW&“?gP%VéfB‘ieﬁ%’% e 500" “Rigures \lfﬂtfg‘eé_. ifustrate an alternative
embodiment 60 wherdiPrYFEcEdaRFatrCareer s arETRErRI B srebREd i 8test%s a cardboard box.
As shown in Figuse 3¢ pOymickickald Bfdifethecuwon tdin encomphssldsiareatiiystiayer 64 attached thereto

through the use of ankiesive layesebe Amnesiahbliedimme dcan-hersowdeadadipcent the catalyst layer
64 to protect the catalyst layer from exposure to the environment. The peelable film 68 can be

removed to activate the ca%al, stin & e catalg/fst !a e[e6.4 by ex o?gqg the 5 caﬁgatlﬁt.to a plant part
. . . ticieot t 13 tid, .
provided in the container toat%éﬁrse y §|ae§/1tsan On’c]a(asw{éil ef'))(g%t deve og%n?sprgcgss. Figure 3B

illustrates a catalyst SbEtEFbAPI6 AT S Gy B ERAR U UG 8 e 8htainer interior in the
manner shown id(FigesteiB minaiztitherd totiherastita s ayention | B éigprdivenyed 66, and the
peelable film 68, the gpiaiysirskepeiytieieotide and hence also encodes a portion of the corresponding

protein. Polyaucleotides that are fragments of an enzyme nucleotide sequence
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10 70 includes an additional peelable film 72. The peelable film 72, like the peelable film 68, protects
the catalyst structure 70 when it is packaged, shipped or stored. The p le fi an be removed
to expose the BARGSIVE gyer 66 to allow the catalyst structure 70 to beegéf?%%gt&(!) /t 57%%E:Eontainer interior
in the manner illustrated in Figure 3A. 15Figure 4.illustrates a catalyst structure 80 that includes two
slots 82 and 84 for receiving a catalyst cassette (e.g. cassette 86). The catalyst cassette 86 is
air-permeable and can be easily inserted into or removed from slot 84. Thus, the catalyst cassette 86
can be readily replaced if a new catalyst cassette is desired for use in the catalyst structure 80. The

catalyst cassette 86 includes a cfsl%%sfesa'tsts.lléc:n1 %(? g s;grigggl gnozlagr%i(p %)rarcggg%bs J%eferably immobilized
cllidé” oppose a ar

in a matrix. The cataf/at structure 80 can in g’pp alr-pérméable surfates’88 and 90 such as
mesh screens to allowai fdRP b dtfh 80 "Cotaffdt 8sbii86 0% ALt ¢t aRPSEWT icture 80 can, in
alternative embodimewrdisotifrslacier trify et peivridisbiecsatfae éltiveshormopposed air-permeable
surfaces or more thag:ktiadtpesmead|a suifacesicsueaisit e dadersioadndte teidne of skill in the art.
Although Figure 4 inglydes scBapnd $4 forreceivng aicatalyst gasseti®,(e.9. cassette 86), it
would be understoodlgta one o kc'ynhn thu(;%g}hﬁ%&hﬂguc%a{bésé&tg%{%rgf80.coﬂlljcggsinclude one or more
slots for receiving a cassette. The ca%gﬁyst structure 80 can be provié_edaﬁlll%ﬁln a container used to
transport a plant parPEHEhas Hrsh IERErBPL S FE SRS RS ailBi™E & , through the use of
an 30 adhesive layersatisiormssesrbrenshlly simippreqspacsse nErretio s enf appaialeises may be used to
delay a plant developmait sefepesst Gf amynidantlGny aritqscitioof 40te46%t. shYpeticular embodiments, the

methods 20 and apRasaikisesewd Hhea, inventianare dieeiaddadnlayieg Bpgning and the plant part is a

fruit (climacteric or n@ﬁ%cg%(%tgéir@sﬂzﬁgc%tﬁ g&j@@g&@%@é@g@%(ﬁg&g@g. One of skill in
the art will recognize that “climacteric fruits” exhibit avsudder%gugst gf etroia/lene Q;}oduction during fruit

ripening, whereas "nBH AL e R e KPA a5 R S S SO S EXFaHEn % a significant
increase in ethylene Brosyte sl ensrisgabiestide THE hsréreaskenmsaedidE®y fruits, vegetables, and other
plant products of interest inshselerisi @reiof pmmiiadnof imppies; @lvibetsnbiriba, breadfruit, cherimoya,
feijoa, fig, guavay Jackfituddyrishananns speashesnavocrdas gapiessgantaloupes, mangos,
muskmelons, nectarines, persimmon, AaRAIR:LS0LSAR: RINeS-RAPAYAnRRSSIOR.HLIL, 10 pears, plums,
tomatoes, bell peppehrsdratguebecriges caoér%aégéec cumberg,dijg%r]]alﬁse{{lgltblleumc{)eggd limes, peppers,

. 8¢, AN = oI 8§ ] s0me em <
cherries, oranges, graypes, pinea p%s, stidwienies, watermelons, tamariios, and nuts.  In other

aspects of the inventiBh Pt REsArES B TSEAToraspE b Ssacare s Rty BRI ROdver senescence,
wilting, abscission, ohqsetdl ldstineityenipiehirsrrinaipth el Bngme diithethstgricBize of the invention.
Exemplary flowers oriatesestiiaatudachat arsigpaidmiteditnisonesocarnabonmearchids, portulaca,

malva, and begoni.asse&%g%gﬁ%s{ggg%m%%)&&g@g%@@Mm@ﬁ@gﬁ%; flgwvers such as roses
and carnations, are of patiguleLinierseh. iy SeranSRRdImEnis, lWers Al aif sensitive to ethylene
are used in the practice olf_t e invention. th’)x/lle_ne-sen3|tlve ﬁowers Include gﬁt are not 20 limited to
flowers from the gen&Pa AR {Fs & re R PRI tGE A ARTRUTFRSIAFTAPRARI A, JRRHEY Astilbe, Cattleya.
Cymbidiura, Dahlia, Bresferéssimetiofy ardring, Fdistehmalirie cSkblaemetien GypsefMila, Iris, Lathyrus,
Lilium, Limoniunz3 NesinemRess; Sitingesiduhpapantdinalantapsest atuesstmiene-sensitive flowers
also include those ofthe-fampilias Amekdidacade.HllincasesGoryalasiageae, 25 Hemerocallidaceae,

Hyacinthaceae, Liliacgge, Qrehidaceae, %@gg&g&ﬁg&%@d&j@&q&q@cea& Caryophyllaceae,

Crassulaceae, Gentianaceae, Malvaceae, Pl mba%| cedae, Portulacgceae, Solanaceae, Agavacaea,
Asphodelaceae, AspErEaEELa S EEg R Ee g CHa TS BiFEEe BB ¥ libhorbiaceae,
Fabaceae, Laaniace&®*Rtyrtaceae, Onagraceae, Saxifragaceae, and Verbenaceae. See, for 30
example, Van Daan (2002j#immals:. dlicBistirhy B8:878:888; o7 aapaRgiorw (2060R¥Annals of Botany
89:689-693; and Eigey;£d:008)y feubirimemis RN dmplioge-sLonlngRlegquirmantssand Temperature

Management” at 21 hringt.conzipublicationsiharacishi 305004 bl last agegssed March 20,

2007), all of which are herein incorporated by reference in their entirety. Methods and apparatuses for
delaying leaf abscission are also encompassed by the present invention. Significant commercial
interest exists in the plant, fruit, vegetable, and



5 flower industdes for methods and apparatuses for regulating plant development processes such as
ripening, senescence, and abscission.  The skilled artisan will further i t any of the
methods or aaf)%rzg?a/siéggaisclosed herein can be combined with other k%%%vﬂr}?%@?ﬁ%% and
apparatuses for delaying a plant development process, particularly those processes 10 generally
associated with increased ethylene biosynthesis (e.g., fruit/vegetable ripening, flower senescence, and
leaf abscission). Moreover, as described above, increased ethylene production has also been
observed during attack of plants or plant parts by pathogenic organisms. Accordingly, the methods and

apparatuses of the inyeglion,mayfInd-aghersse £ Merevng RIANLIERPONSE I paihogens. 15The
following examples are Gftered 0

ered by way of illustration and not by way EXPERI}I)\/IENTAL The
present invention will FOFFBE § S B R HRCEh BE R T2 RIR R8T VAR PR @amples. The following
examples are not intefaiiserbdstiprirgestite TSIt GHoalE ApEiraHEBFoWted as exemplary
embodiments. ExamgeienBelayscker sitniRipe mpgnbo bewinggEaposiorettd ndergeth Rhodococcus  SPP.
25Rhodococcus spp.caiitinciicatyiibs aspasagi p Sshatewlani eg enacsicnitide mere immobilized in a
glutaraldehyde-crossyigked matrix oL REAR GRIlOsR-Meihaasaf idusing cells and preparing the

above matrix are describeg herein below in a%’r%ater dg}ﬂaﬂ. mg Eross-liqkded D%—‘_AE- ellulose catalyst
matrix was placed in e S P&TAE 35 paner Bags Bipproxmately -2 grama pack wet weight of cells
per bag), with each bEeFESRSAFG aR R BHTRREEr s PRty iiEka 8% #&Hegative controls, the
same fruits were plac@elih Gepasay;Fabetsbag <t thisat=BAdel FPthBeomtahidtinmatiix. The 22 paper
bags were retaingd atikeoroiesmgsatule, and:tTe:prgdk ot mals » Bapnweshoady fsr signs of fruit ripening
and degradation. Al produge exnosacia ine.satalystmatix Sispizysd sigaificant delays in fruit
fipening. In particular, fhe Iryyiss angiekin) WRYy.gLIing praches.was aligined $ longer in the
presence of the catal S lrle gimitar y, with the bananas, t 3 a% earance o?%rown spots was
delayed and the firmri&ss PR ENShYEFr SRS e il AtRid) CorEBIReoos  Eyample 2:
General Fermentatiodfelretindiglotin S Presdeotsol (Srevdablidiioh preessdrhanddibiwing general
protocols and culture wiegiasas md)iNizedofar forsgntation. drihgeRbsdoetctusgpps strains
Rhodococcus sp. DAR,O6G22 a1 Khrdagecqueindashious RAP:R6623 femuse in other

experiments:

and apparatuses as whole cells or as a biological source from which one or more
enzymes of the invention can be isolated.
Apparatuses for delaying a plant development process and for performing the

20  metfhods of the invention are further provided. In particular embodiments, an
apparatus for delaying a plant development process, particularly fruit ripening,
coraprising a catalyst that comprises one or more bacteria selected from the group
consisting of Rhodococcus spp., Pseudomonas chloroaphis, Brevibacterium
ketoglutamicum, and mixtures thereof is enconipassed by the present invention,

25  Rhodococeus rhodockrous DAP 96253 strain, Rhodococeus sp. DAP 96622 strain,
Rhodococeus erythropolis, or mixtures thereof may be used in certain aspects of the
invention. The one or more bacieria of an apparatus of the invention are provided in a
guantity sufficient to delay a plant development process of interest, as defined herein
above. In other aspecis of the invention, the catalyst comprises one or more enzymes

30 (ie., nilrile hydratase, amidase, and/or asparaginase) in a quantity or at an enzymatic -
activity level sufficient to delay a plant development process. Sources of the desired

enzymes for use as a catalyst in the apparatuses of the invention are also described in
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Fermentation vessels were configured with probes to measure dissolved 15 oxygen (DO) and pH, as
well as with s%%r}lg 194%}{;0.% to measure_glucosg concentratiop (oﬁ-ling&ﬁg?(mg%morts were used
to add correctives {e.g., acid, base, or antifoam), inducers, nutrients and supplements. Previously
cleaned vessels were sterilized in-place. A suitable base medium (1 or 1.5X) R2A or R3A was used.
The specific components of these culture media are set forth below. Certain 20 substitutions to the
contents of the media were made in certain experiments. For example, Proflo(r) (Trader's Protein,
Memphis, TN) was at times used in place of the proteose peptone and/or =amino acids. Moreover, in

certain experiments, Hy:Collon.7803(). (QUESHEIPAA0AL HOIMARESIARS k). Cottonseed
Hydrolysate, Cottonsee$ rdrolysate-uitrafllteaﬁ%%(%arcor Deg%oment Co%ﬁ Carlstadt, NJ) was 25

H
used in place of the PSS (FATers BFSEIR Mamphis, TR A Y84 Srotle for nutrient -
supplementation was=¥&t66 ¢ Fdtreiorep Bt BORSE Barstre it ®a richer medium,
namely 2X YEMEA, theifedrrpeniantsiof ftsich are also described in greater detail below. Other
optional nutrient supplemesisainctdadipaiosa o0 fompnancaexitasebidoy(idv). 30 Commercial

products containing dextrose. eolMAIGRLS.(EHLE0s S RS d-ahsY RYJysaccharides) were
sometimes used in place of ItosE,% and d%lér) se. inu %Qa}getgefrom cultures of the

t 3 . e [
Rhodococcus sp, DABREBES>' 3R Rhodococ %su?ﬁoa%’,ﬁ?3u§%§%¥9%8‘§§§ strains on a suitable solid
medium and incubatEBPHERRSIP AroERRE TR PR FEtR DT A RN Ehbodiments, cells
were grown on Y EIV KEsupieyavch karramthers 421 B dvgroigdyinferaidiptplgespsememiternatively, inocula were
prepared from frezenaalaoncaninrins tun Ry iaw sofdrpdhtatiomtims. o€&litconcentrates were
typi_cally prepared at @@%ﬁgﬂg@@&@ﬁp@@g@gﬁ@&&@@gﬂ@%ﬁ@ gg,_mgemw@dﬂiti_on, inoculur_n was
at times p_repared fro[splcﬁt §a%t§9 ecglpnl;%%g a{}]%.odéﬂﬂi%gap&gﬁm%@@eﬁJﬁ%d medium overlaying a
solid medium of the samg ordi Terent comppsmorp,. hen a biphasic medium was used, 10 the
medium generally coftSHTEY b ERREY iFRhSHCIHETGR Rt solid layers.  For induction of nitrite
hydratase, at rn0 hour, stelieatesEnebdineninogredyhie re derddtirtd aeridive! &smeentrations of 5-200
ppm of CoCI2 ang 756npeidess bongttiofonieaphilitingl Be 582pysrmaC iRz 56 Genbitly 7.5 g/l urea '
generally preferred. Igradaticwat embadimenidresand/ ereabalipresepadaed again during the

fermentation. 15 For example, an, suivalanYolume:ahuaa.ad 1a0om.Gach were added at 4 - 6

hours or at 24 -30 hours. In adﬁﬂ!“al%‘r‘g% u;zes,O%Hfilinc%llcggﬁbengﬁgtigepog)fo%%gfygg%gpm of

acrylonitrile/aceronitrﬁlé%ﬂﬁed?f‘ aragie was added step-wise or at a constant rate,

beginning at various fEschFates e el ARG A & ferRi et IR EE TR s and enzyme
concentrations Were agcoptabe dypiboliysat2d 96:Hogbst RO Edde B Wafside Arharvested by any
acceptable method, ipaktlingikisk notlimiied: @ Haiideragniintieusipertfilgdtion; decanting, or
filtration. Harvested cglls wege sesuspendeas e @ieh teacenintedualwasdniastitable buffer such as
50 mM phosphate bu E{&g ?ﬁline Q;ES}h%L{J}BBI%J;]%te yvm cgﬂﬁ ind %%%gzg&mng the fermentation
process. Cell concentrates were then frozen, 5a ficu aﬁrfby rapl}gténS reezing. Frozen cells were stored
at -20C-80C or under it BEs RSFiE i sgeaby module elament.™ A catatyst module

25  element comprises a catalyst, such as an immobilized catalyst, within an additional
structure that, for example, reduces potential contact with the catalyst, facilitates
replacement of the catalyst, or permits air flow across the catalyst.

In one embodiment, the mairix comprises alginate, or salis thereof. Alginate
is a linear copolymer with homopolymeric blocks of (1-4)-linked -D-mannuronate

30 (M) and its C-5 epimer a-L-guluronate (G} residues, respectively, covalently linked
together in different sequences or blocks. The monomers can appear in

homopolymeric blocks of consecutive G-residues (G-blocks), consecutive M-residues
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Description of Culture Media R2A Medium (See Reasoner and Geldreich (1985) Appl. Environ.
Microbial. 49:1-7.) Yeast Extract0.5g 5 P | i
)ﬁ g roteose Peptone #30.5g Casam ‘r%%J %Zcﬂggi%s%%Glucoseo.Sg
e0.3g Dl'or

Soluble starch¥%5g®4%15040.3g 10 MgSO4 7H200.05g Sodium Pyruva ist H201.0 liter

R3A M_edium_(See Reasoner and Geldreich, supra.) 15 Yeast Extract1.0g Proteose Peptone #31.0g
Casamino acids1.0g Glucosel.0g 20Soluble starch1.0g K2FIPO40.6g MgS0O4'711200.1 g Sodium
Pyruvate0.5g DI or dist H,201.0 liter 25 YEMEA Medium |

(M-blocks), aliernating M and G-residues (MG-blocks), or randomly organized
blocks. In one embodiment, calcium alginate is used as the substrate, more
particularly caloium alginate that has been eross-linked, such as with
polyethylenimine, to form a hardened calcium alginate substrate, Further description
5 of such immobilization techrigues can be found in Bucke (1987) “Cell

Immobilization in Calchum Alginate™ in Methods in Enzymology, Vol. 135(8)
(Academic Press, Inc., San Diego, California; Mosbach, ed.), which is incorporated
herein by reference. An exemplary method of immobilization nsing
polyethyleneimine cross-linked calcium alginate is also described below in Example

10 5. Inanother embodintent, the matrlx comprises an amide-containing polymer, Any
polyﬁer comprising one or more amide groups conld be used according to the
invention. In one embodiment, the substrate coxﬁlpﬁses a polyacrylamide polymer.

Increased mechanical strength of an immobilized catalyst matrix can be

achieved through cross-linking. For example, cells can be chemically cross-linked to

15  form agghutinations of cells. Tn one embodiment, cells harvested are cross-linked
using glutaraldehyde. For example, cells can be suspended in 2 mixture of de-ionized
water and ghitaraldehyde followed by addition of polyethyleneimine until maximum

" flocoulation is achieved. The cross-linked cells (typically in the form of particles

formed of a number of cells) can be harvested by siruple filtration. Further

20  description of such technigues is provided in Lopez-Gallego et al. (2005) .
Biotechnol, 119:70-75, which is hereby incorporated by reference in its entirety. A
general protocol for immobilization of cells, particularly Rhodococcus spp. cells, in
DEAER-cellulose cross-linked with glataraldehyde is.also outlined below in Example
4,

25 In certain aspects of the invention, the immobilized catalyst or one or more
catalyst module elements are placed in, placed on, or affixed to a “physical structure.”
The physical structure includes but is not limited to a fibm, sheet, coating layer, box,
pouch, bag, or slotted chamber capable of holding one or more catalyst module
clements. In certain embodiments, the physical structure comprises a container

30  suitable for transport or storage of fruit, vegetables, or flowers. The physical structure
may further comprise more than one individval structure, whereby all of the
individual structures are connected to 2 central catalyst or catalyst module element. A

17



Yeast Extract Malt Extract 30 Glucose DI or dist H20 1X2X 4.09g8.0g 10.0 g20.0g 4.0g8.0g 1.0 liter1.0

liter Induction 35The following general protocol was utilized for inducti 9)‘ %ﬁ@ gm%coccus spp.
strains Rhodgé%czgﬂ%éégbAP 96622 and Rhodococcus rhodochrous IZ?%IE’ é 553: >*Volatile inducer

liquids (e.g., acrylonittile/acetonitrile) were added volumetrically as filter-sterilized liquid inducers based
upon the density of the particular liquid inducer. In the case of solid inducers (e.g.,
asparagine/glutamine), 40 the solids were weighed and added directly to the culture medium. The
resulting media were autoclaved. When filter-sterilized liquid inducers were utilized, the culture

medium alone was ayloglaved and o883 0. G MEl0lE el Widdducet A, gs added. Typical

4
concentrations for inducers of interest were: 500 ppm acr onltri%]e alc%eto itrile; 500 ppm
eﬂs!:]f PP

asparagine/gIutaminé?eé?fﬁr%nﬁ’bi?ﬁaéﬁ%‘é?ﬁ%ﬁﬁ?ﬂgf”&%ﬂéhw FERHERY OWIT on specified media and
further analyzed for partictsmenzinmemtcsesitrieicamaiie mals I Einpt@!a Analysis of Nitrile
Hydratase, Amidase,davtbyisparacinabetActiiity @ncsBiohvads tadysparaglyseripiirced Rhodococcus

spy. Cells Nitrile hydiatass. 25Ridase ranchaspasaginageaativity, angkbiomass were 10 assessed in

asparagine-induced gglls fiom the RNdecacesiSRE »aY plnpRARARGAREYS AP- DAP 96622 and
Rhodococcus rhodochrous DAP 96523. Various mo%ifyf [ cg‘lgél{e media components, the

tipns
administration metho@ETRtE iy EoRtentratRe o ésep%é%“fgﬁﬁém brovided to-the cells, and the source
of the cells were anaRZetrRfTRoFEESERCS THE ClorE & Bt Ran mesir#ESbove enzymes and on
biomass. 15Sections sthrougiriBtofthls dexarnTes ddbet ivisaheosieridibroitacthget of test conditions
and provide a sufamakyspitheigipaymalic.asthiies andibiomassessobtameehtinder each the specified

conditions. controlling the atmospheric conditions (e.g., air flow, humidity, and catbon dioxide

| levels) of the catalyst, the catalyst module element, or the physical structure. '
Conditions such as temperature, atmospheric composition (e.g., relative humidity, Op
end CO; levels, physical stress, Light, chemical stress, radiation, water stress, growth

15  regnlators, and pathogen attack play an important role in respiration rates and
siéniﬁcanﬂy impact shelf-life of fruits, vegetables, flowers, and other plant-related
products. Although temperature and atmospheric eonditions for storage vary
depending on the fruit, vegetable, or other plant product of interest, recommended
storage temperatures are typically in the range of abont 0° to about 20°C with O; and

20 CO; levels in the approximate ranges of 1-10% and 0-20%, respectively. A relative
bumidity of aboutlSO% to about 100%, particularly 85% to about 93%, more
particularly about 90% to about $5% is geﬁmrally recommended for the storage of
fruits, vegetables, and related plant products. Given the significant correlation
between respiration rate and shelf-life of plant products, control of the above fuctors is

25  important to delaying the deterioration of such prodncts. Accordingly, a carbon
dioxide scavenger can be provided in the apparatus to reduce the carbon dioxide
content.

Tn particular embodiments of the invention, air-permeable catalyst apparatuses

for delaying a plant development process comprising multiple layers are provided.

30  For example, as shown ir: Figure 1, a catalyst apparatus 10 can include outer Iéyers 12
and 14 and an intermediate catalyst layer 16 located between the outer layers 12 and
14. The catalyst layer 16 comprises one or more bacteria {e.g., Rrodococous spp.,
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A.Essentially as described above in Example 2, a 20-liter fetmenter 20 inoculated using cells of

Rhodococcus ‘{%oz(g(%?grous DAP 96253 harvested from solid medium ngﬁg% @J&gﬂg supplemented

with the inducer asparé%%e (120 pl/minute of a 0.2 M solution). Hy-Cotton (r) was used in place

of the proteose peptone #3 in the R3A medium described above. At the end of the fermentation run,
acrylonitrile-specific nitrile hydratase activity, amidase activity, and biomass were 25 measured in
accordance with standard techniques known in the art.  The results for nitrile hydratase activity,

amidase activity, and biomass are provided below in Table 3, with activities provided in units/mg cdw
(cel dry weight). One.{unk of altie bydieRsmacihilyiaaics.ia e, ARl aieayert | omol of
acrylonitrile to its correspon&%amlge per minute, per. mi ﬁgr m of ce 30 weight) at pH 7.0 and

, Is (dr
a temperature of 30C"BHE T A S P PEEtas ﬁ‘é‘%ﬁiﬁ/wﬁ‘)’%gﬁ\%ﬁ 1 gmol of acrylarnide
to its corresponding &ksenperrainierd aF FRIMGT AMHPET el & AR gREF B 1R0%Nd a temperature of
30C. Biomass is repotiediasigeltst pacise df inewmsty ol hirétayeei gilis @6odable Be Binzymatic Activities
and Biomass of Rhodgengeussogeerous [2pby06 skdniea ls.all e glndugiienayith Asparagine 5
B.Essentially as desqribegd ahovein Bxampig: 3, with-changes  themedium as noted below,

enzymatic activities and biomass were assessed with Rhodococcus rhodochrous DAP 96523 cells. In
y Qe hodoehioy

particular, YEMEA, da%58e 0P R ST0LE A Saded 10 4 moatied RSA Madiim. Jurther containing

Hy-Cotton 7803(r) 10°5uBSatmtatefsERemroteapdn fifsetis baxemd Rresiafishcorasparagine was
added at a continuous e tbf &RBmelaymoftdimginminegsaht-cgrpykeyerie the end of the fermentation ran,
acrylonitrile-speaific Ritritehyalr atasasnetbiiymamaseqeibidy, nrckdie magswuetgemeasured. Results
are summarized in Tghle 4, IncreasedRipmassadeldwas ahse et thedaddision of YEMEA,
dextrose, or maltose to tf]g cmedjlénkk}% ;E?Q.sl? 4: Bnz /matic. @%M{t}i‘% .and Bigmass of Rhodococcus
rhodochrous DAP 96]'3% e(ffts'plu—sfoflowmg Continuou Inéuctlon with Asparagine 20C.Rhodococcus sp.
DAP 96622 cells frorAbAE et frarer s gt HePthe 2 swais, Rhodococeus erythropolis, or

mixtures thereof, Bacterial cells utilized as a catalyst in an apparatus of the invention
15 may be induced with one or more inducing agents (e.g., asparaging, glutamine, cobalt,
urea, or a mixture thereof), as desoribed in detail above.

Fignres 2A-2C illustrate alternative apparatuses in accordance with the
invention for delaying a plant development process. These apparatuses comprise
mukiple layers, wherein one or more of the Jayers are removable. As shown in Figure

20 24, the apparatus can include an air-permeable structural layer 22 and a catalyst Jayer
24, Removable layers 26 and/or 28 can be provided along the structural layer 22
and/or the catalyst layer 24 and are typically intended to be removed prior to using or
activating the catalyst. In certain aspects of the invention, the removal of the
removable layers 26 and 28 expose an adhesive that facilitates placement or

25  attechment of the catalyst structure fo a separate physical struoture. Figure 2B
i{iustrates an alicrnative embodiment wherein the apparatus 30 mclodes two air-
permeable structural layers 32 and 34, an intermediate catalyst layer 36 and a
removable layer 38. Figure 2C illustrates yet another embodiment wherein the
apparatus 40 includes two air-permeable structural layers 42 and 44, an intermediste

30 catalyst layer 46 and two removable Iayers 48 and 50.

Figures 34-3B illugtrate an aliernative embodiment 60 wherein the catalyst is
affixed to the interior of a container such as a cardboard box. As shown in Figure 34,
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source of the inoculum for a 20-liter fermentation run (see Example 2 for details of fermentation
process). A 0.2M solution of asparagine was added semi-continuously I eginning at
t=24 hours, for 837 A ltes at a rate of 2 rat/minute. Hy-Cotton 7803(r %Césé?%%qé%?ﬁ‘%lace of the
proteose peptone #3 in a modified R3A 25 medium. At the end of the fermentation run,
acrylonitile-specific nitrite hydratase activity, amidase activity, and biomass were measured. The
results are summarized in Table 5. 27 Table 5: Enzymatic Activities and Biomass of Rhodococcus sp.
DAP 96622 Cells Following Semi-Continuous Induction with Asparagine 172244 5D.Rhodococcus sp.

DAP 96622 cells fromsolid sngdivmiwere;used as 1. 3ouree.al e inosulindor.a 20-liter Tormenter

run. A 0.2 M solution of asparagine was added semj-continuaysly_every 6 hours, beginning at t=12
hours, for 12-85 minﬁ?g”é a eﬁ“?%?ta %gé.gﬂ%?}qrﬁfn@{%%&%ﬁ%%%g%c F(%)é‘?%%fftéﬁWas used in place of the
proteose peptone #3AHFEPhiOBHEtR SAbTEATER oA Pira s e st FE R e fstRSeleRn, 10
acrylonitrile-specific fitrifé tmdratasediotoitiairicadst achivigiantbidmrassmaretmeasured, and the
results are summarizegiis bablantat ploteid icnayrmaitia A aivitiespnehBiemassiak Rhodococcus sp.
DAP 96622 Cells Foljguing sgmisontinuous Induction with Asparagine E.Previously frozen
Rhodococcus rhodochrou§iDA§39]ﬁl%g§ cells s vere use é@\s .th%%e (é)"f th%sl oculum for a 20-liter

fermentation run. YEMEA, dextrose, Qrtersn%cf 06 was added 1o a modil medium that further

contained Hy-Cotton* 783t R BT S MBRo%R PESTEE #3 sAPdeMsolution of
asparagine was addedatystaeraifitbrodberiaederst $2608 Gemnsishie HbyftrifrigaaleisBupplrs. At the end of the
fermentation runyoacry aniteée =8 peiificanitelaib i ata Jee actistity fianigdisatagtaitle and biomass were
measured. Results agg.drpmakized-idabie 20 Tahl8 i{ pERzyimaticActivities and Biomass of

Rhodococcus rhodochrous 96223 Cells Follow onti | th.,Asparagine 28 WO
38%% %BSnAng §a6§§§ S QUOWHNG SHQRURYQUS ANGHGHRN W, |

2008/120307PCT/US? _ SR " s
structure 70 to be affixed to the container interior in the marner illusirated in Figure

34,

15 Figure 4 illustrates a catalyst structure 80 that inchudes two slots 82 and 84 for
receiving a catalyst cessette (e.g. cassetie 86). The catalyst cassette 86 is air-
permeable mnd can be easily inserted into or removed from slot 84, Thus, the catalyst
cassette 86 can be readily replaced if 2 new catalyst cassette is desived for nse in the
catalyst siructure 80, The catalyst cassetie 86 includes a catalyst such as described

20  herein and that is preferably immobilized in a matrix. The catalyst structure 80 can
inclade opposed air-permesble surfaces 88 and 90 such as mesh scfeens to allow air
flow through fhe catalyst cassette 86, The catalyst structare 80 can, in alternative
_embodiments, inchide only one air-permeable surface, two non-opposed air-
permeable surfaces or more than two air-permeable surfaces as would be understood

25 toone of skill in the art. Although Figure 4 includes two slots 82 and 84 for receiving
a catalyst cassette (e.g. cassette 86), it would be understood to one of skill in the art
that the catalyst structure 80 could include one or more slots for receiving a cassette.
The catalyst stucture 80 can be provided within a container nsed to transport a plant
part such as fmit or flowers or can be affixed to a container, e.g., through the use ofan

30  adhesive layer as discussed herein,

The present methods and apparatuses may be used to delay a plant development
process of any plant or plant part of interest. In parficular embodiments, the methods

20



F.Rhodococcus rhodochrous DAP 96253 cells grown on biphasic medium were used as the source of
inoculum for a 20-li entation run. A modified RSA medium was use pplemented by
the addition o?vg) ca&r it (T ate (i.e., YEMEA, dextrose, or maltose) and EUrt %Qrﬂgt%%gﬁ#lg Cottonseed 5
Hydrolysate in place of proteose peUtone #3. A 0.15 M solution of asparagine was added at a
continuous rate of 1000 tit/minute beginning at t=10 hours. At the end of the fermentation rim,
acrylonitrile-specific nitrile hydratase activity, ansidase activity, asparaginase | activity, and biomass
were measured. The results are summarized in Table 8. 10 Table 8: Enzymatic Activities and Biomass

of Rhodococcus rhod&(&g}g QAE’&%@Q@%oQ&Q&f&M&QM@M&Eé{é‘ﬁﬁﬁ@ml\é"d’[h Asparagine

15CIl.Rhodococcus r ?F rous D/An\(l):r’l_c ac r:)lells&%g %M %ta %urbnecglum were used as the source
of inoculum for a 20-liter ermen%aflon run. e as usgae?ﬁlgt contained maltose

(in place of dextrose)Xhef B GehrEosEy 4Ly SHBRREYS) ﬁPS?éﬁ%@dﬁ'éﬁl‘a’i?é #3.A0.15 M
solution of asparaginethwiens sroftjetidratubngGntirieroing ratecasf bR ein GresDerggsraralivat t---8 hours. 20 At

the end of the fermeniatianywin, -aemdeaitsinispacifiesititayydmissaastivity mmidase activity, and

biomass were measuged;and.the sesilis, 3R SHIIMRH 2L kTR 6:Sincts of A9 Enzymatic Activities
and Biomass of Rhod%? ceus T rho chc[% AP §c%é%mﬁ5§e!l§£%f>w'”3% gontlguous Induction with

Asparagine 137635 xamp oigﬁl‘misaﬁ)on of Rhodococcus son. Cells it DEAF-Cellulose

Cross- Linked with Gﬁﬁf&?’dﬁﬁi&w&%ﬁ?ﬂhﬁr%’é@sﬁ FIIP & MEthods described in U.S.
Patent No. 5 4,229,536skmbin teopdoesGeiaqonealit 2005 B eeriorestitnipd- 75 is used to
immobilize Rhoducogeks Spps, calids) alatr, borbaris ngag) oiaraldeliydaepeistlinked DEAF-cellulose.

Preparation of cells 10RROHQCOGEHS:CRUSIAl 6-AEOMER:HB: I ARMO RHAMR-EH| twermedium (e.g.,
YEMEA-maltose + m%ﬂ cars, bi (phgsm cultures, etc.) and harvested by centrifugation at 8,000 rpm for

10 minutes. The resultin ceII eIIet is resuspended in of5
g In oth Braspects ofthemxpennon themeﬂ]:' apparamses are drawn 1o

delaying flower senescence, wilting, abscission, or petal closure. Any flower may be
15  used in the practice of the invention. Exemplary flowers of interest include but are not
' Timited to roses, camations, orchids, portulaca, malva, and begonias. Cut flowers, more
particularly commercially important cut flowers such as roses and carnations, are of
particular interest, In certain embodiments, flowess that are sensitive to ethylene are
used in the practice of the invention. Bthylene-sensitive fiowers include but are not

20 lumited fo flowers from the genera Alstroemeria, Aneomone, Anthurium,
Antirrhinum, Aster, Astilbe, Cattieya. Cymbidium, Dablia, Dendrobinm, Dianthus,
Bustoma, Freesia, Gerbera, Gypsophila, Iris, Lathyrus, Lilivm, Limonimn, Nerine,
Rosa, Syringa, Tulipa, and Zinnia. Representative ethylene-sensifive {lowers also
include those of the families Amarylidacens, Alliaceas, Convailariaceas,

25  Hemerocallidaceae, Hyacinthaceae, Liliaceas, Orchidaceae, Aizoaceae, Caclaceae,
Campanulacéae, Caryophyllaceae, Crassulaceae, Gentianaceas, Malvaceae,
Plumbaginaceae, Portulacaceae, Solanaceae, Agavacaea, Asphodelaceae,
Asparagaceae, Begoniaceae, Caprifoliaceas, Dipsacaceae, Euphosbiaceae, Fabaceae,
Lamiaceae, Myrtaceae, Onagraceae, Saxifragaceae, and Verbenaceae. See, for

30 example, Van Doorn (2002) Annals of Botany 89:375-383; Van Doorn (2002) Annals
of Botany 89:689-693; and Elgar (1998) “Cut Flowers and Foliage - Cooling

Requirements and Temperature Management™ at
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mM phosphate buffer (pH 7.2) and centrifuged at 8,000 rpm for 10 minutes. This process of
resuspending the t and centrifuging at 8,000 rpm for 10 minute twice. The
packed wet Wé?g)h 0(8 194)%@ the final cell sample is noted. The hydrataﬁsdg g%l\‘/%t%/%t%%dsmall sample of
the cells is performed to assess the enzymatic activity of the whole cells. Immobilization of Cells 20An
amount of DEAF-cellulose equivalent to that of the harvested Rhodococcus spp. cells is obtained, and
the cells and the DEAF-cellulose are resuspended in 100 ml of deionized 1120. A volume of a 25%
solution of glutaraldehyde sufficient to achieve a final concentration of 0.5% is added with stirring to
the mixture of Cellwﬁé@%@ﬁk}%@%@&s&mmwmw L BQUBriefiesopich 400 ml of
deionized 1120 is add d. with f rther mixin dgv st irting,. 5( O% b¥/[ gsht olution) of

S i A

polyethylenimine (PE W% %ngﬁ trrng procee S unt occulation is completed. The

flocculated mixture |saﬁP?é?@ﬁs§ﬁdieé%Fﬁ&e€HaPﬁW5 AR EBIEb P Bp A& Size. The immobilized cells
are broken up into smintiecEsnifisrstcervapmighintstra ints Q‘Pah@?és"éﬁe&b}ssre%mately 2-3 ram
30prior to use. 33 Examapieb:ibinekilizitiohpiidited ocogcasagppnt@sibirdialcium Alginate and
Hardening of Calcium,plginaieBeasisih Rrecess, adapiadifiom the method described in Bucke (1987)

"Cell 5 Immobilization in Cajciyr Aa%na%t\gﬁli&h{le? &gﬁﬁ%ﬁ”}; o]g&hodgl 135(13) (Academic Press,

Inc., San Diego, California; Mosbach, ed.) is used to unmobili7e Rhodococcus spp. cells in calcium
alglnate Preparation BPREIE ﬁ“é%?{&‘&&%’o&‘ﬁ% A0S R LT IR ERRY 2 described above in
Example 4. ImmobiliZReses Cefeyingrplantiescloppaspmirs artisee <bmtipemsproduced by dissolving
1 g of sodium algithatesir:2s ssbasSOvinNbTrsdHBHefp boryRhe@H sagioftseghariy metaperiodate is
15added to the alginaig.selutiae: anckakireesabd a8sciokd). h@b&é@émtjeimﬂlgia&te is completely

dissolved. The cells prepare mgﬁuasgﬁpgy%@emmwﬁ&?%@@gmef Qie of 50 mlin 50
mM Tris-HCI (pH 7.2) and then added to the so ion with st lreing. The resulting beads

ina
are extruded throughpﬁ}?yé’%o SR ST 5B, UHB rﬁy&g a%e%% %liaiasoﬁu?lon The needle is

gene ral |y placed invention may find further use in improving plant response to pathogens.

15 The following examples are offered by way of illustration and not by way of
Limitation:

EXPERIMENTAL
The present invention will now be described with specific reference io varions
20  examples. The following examples are not intended to be limiting of the invention

and are rafher provided as exemplary embodiments.

Example 1; Delaved Fruit Ripening Foﬁoxxﬁng Exposure to Induced Rhodococcus
sop. .

"25 Rhodococcus spp. cells induced with asparagine, acrylonitrile, or acetonitrile
were immobilized in 2 qutaraIdehyde-cros&ﬁnkea matrix of DEAE-cellulose.
Methods of inducing cells and preparing the above matrix are described herein below
in greater detail.

The cross-linked DEAE-cellulose catalyst mattix was placed in three separate
30  paper bags (approximately 1-2 grams pack wet weight of cells per bag), with each bag
containing unripe bananas, peaches, or avocados. As negative controls, the same

fruits were placed in separate paper bags in the absence of the catalyst matrix. The
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20 approximately two inches above the solution to prevent air entry into the beads and to prevent
_ sticking of the L{} beads are cured for 1 hour in the CaC12 solyjj ﬂg ads are then
rinsed with Wavtigr%é%]]%d?% o%ed at4Cina 0.1 M CaC12 solution prior to uLsi;e. gkr egr%ﬁlﬁz of Calcium
Alginate Beads Comprising Rhodococcus spp. Cells  The calcium alginate beads prepared as
outlined above may be further strengthened by cross-linking with PEI. The beads are incubated in 2 L
of 0.5% PEIl in a 0.1 M CaC12 solution (20 g of 50% PEI in a 0.1 M CaCl2 solution). The pH of the final
solution is adjusted to 7.0 with HC1 or NaOH, if necessary, and the beads are 30 incubated for 24
hours. The beads are then rinsed withwaler.and stored atAG 5.8 Gt M%Q&ﬁ@}utlon prior to use.
Many modifications and other, embodiments of the inventions set forth herein will come to mind to one
skilled in the art to whigh esénﬁ?\%ﬁﬁ%ns?%ﬁé%%of‘ﬁ having the benefit of the teachings presented in the
foregoing descriptions. TheYePBEcqETERsR i raabst Soa P el PrréitarieardafBEto be limited to the
specific embodimentsiswigclosetcamrdth Smmsoifit sifons it Utk esdriodimatisedre intended to be
included within the saeper of b e-appesdrcciaimstaMd songhs pacifickiasms e employed herein, they

are used in a generic,gnd deseiRtive RRRSE RRNBRE RO IERWRASES QL IRIRN. 32 What is
claimed: 1. A metho%mogd ‘!:g iQ&,{é‘ plant development process comprising exposing a plant or plant
part to one or more baGtefia, wherein the one or more bacteria are selected from the group consisting
of Rhodococcus spp., Brevibacterium ketoglutamicum, and mixtures thereof, and wherein the one or
more bacteria are exposed to thzsp diepeentiton snd lndegion Bxgiecalat to delay the plant
development proresserdeditenpetand of claim 1, wherein the one or more bacteria include

Rhodococcus spp. 3. Themsthesefclaimpdiimierginihe Rhdeenasusisnp. includes Rhodococcus
rhodochrous DAP 96253 strain, Bhodacoccus sp., DAR,96622 strain, Rigdaggecus mythropolis, or
f | " L . -

mixtures thereof 4The method of claim 1, wherein the one or more bacteria are induced by exposure

to an inducing agent SAIEERSEFATA TS St Cum TSI SFSE BRAUGME. glutamine, cobalt, urea, and
mixtures thereof 5. The mBtHSHBPEIAFAYY RIS B B BreBade®dre induced by exposure
to asparagine. 6:5Thexmaetlio0) ekigiin Wlhaheit snthieoiveior moredragtessa are induced by exposure
to asparagine, cobaltangHtea#Tine. nethrehohakaisk bsevhaneiRthaplant Qkcpiant part is indirectly
exposed 1o the one o 00y AGlS BN MEUIRH. AL 1o WRRIF DEAIAROT plant partis

directly exposed to the dne.qr more bagicria, . 8. e meinod g daim hyhgieinhe plant
development process IS friit or vegetable ripening. 2.~ o
The specific components of these culture media are set forth below. Certain

20  substitutions to the contents of the media were made in certain experiments. For

[E5n: QICREYA.

example, Profio® (Trader's Protein, Memphis, TN) was at times used in place of the
proteose peptone and/or cesamino acids. Moreover, in certain experiments, Hy-
Cotton 7803% (Quest International, Hoffman Estates, IL), Cottonseed Hydrolysate,
Cotionseed Hydrolysate-Ultrafiitered (Marcor Devolpment Corp., Carlstadt, NT) was
25  used in place of the Profio® (Trader's Protein, Memphis, TN).
A feed profile for nutrient supplementation was set to gradually replace the
R2A or R3A base medinm with a richer medium, namely 2X YEMEA, the
components of which are also described in greater detail below, Other optional
mutrient supplements included maltose 50% (w/v) and dextrose 50% (w/v).
30  Commeroial products containing dextrose equivalents {glucose, maitose, and higher

polysaccharides) were sometimes used in place of maltose and dexirose.
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10. The method of claim 9, wherein the plant part is a fruit or a vegetable. 11. The method of claim 10,
wherein the fryit is a climacteric fruit. 12. The method of claim 11, wherlgg}/%‘ég G mgfgtgric fruit is

WO 2008/124397 . . 0
selected from the"group consisting of bananas, peaches, plums, nectarines, apples, tomatoes, pears
and avocados. 13. The method of claim 10, wherein the fruit is a nonclimacteric fruit. 14. The method
of claim 9, wherein the plant part is a cucumber. 15. The method of claim 1, wherein the plant part is a
flower and the plant development process is flower senescence, wilting, abscission or petal closure.
16. The method of claim 5, wherein the flower is a carnation, rose, orchid, portulaca, malva, or
begonia. 17. The method;of.glajm. b atein LRRIRRLIRYSIORIRNS RACESS IS gaf abscission. 18.
The method of claim | \(?lherein tt}e Ianbggrti 3aCL_t flower, 19. ecg;letho of claim 1, wherein

7 91? strains o a sutiab ees?__]m

. OEOCOCCUS FROAOCATO ang. .
delaying the plant deve opmenf' process results’in’increased s ife or fachitates longer-distance

transportation of the PRatES # GiehtrBRprate PP R {efdl oF R AHAERIFTME one or more bacteria
are immobilized andeglievstagennn; Pradedsen phieaffdet: thys plipsidal smacture suitable for transport or
storage of the plant anglanipakcolilwdd papparasnsiaamdeinyinehapianndavaiapment process

comprising a catalysiialaeMmRSesieRRRLBoIeDaR R Rple0Rd 269, ihgEERHP consisting of
Rhodococcus spp., B@?‘@Qt“%g%&“%‘é%%ﬁ&'etraﬂic s banglc ‘Qg%re%%&lereof vg@g{rmezig the one or more

bacteria are providegl ina uantity sufficient to de aynfﬁ% plant deve o%%?r?tr process. 22. The

apparatus of claim 2FXR R HRE BRlsr AP PR A MUl RASHEEsE T %Spp. 23. The apparatus
of claim 22, wherein®pEsR M EDE LS EPH! tprehgeiierR Ndgotbiokas Mo etedss.DAP 96253 strain,
Rhodococcus spo DAR 26622 stxal cihaebeBRmEus Thythhe figlis aorsniitkbyees thereof 24. The apparatus
of claim 21, wherein the oRg Q.6 6r RRalal-a58, Hdueed, Ry 8xBasIEe, th.aliaducing agent selected

from the group consisfing, o aSpALINE.AAMINE: GARAlLrWeR AR GS Jhgreof. 25. The

apparatus of claim 21, Wh,er?lrg the plant 4de\,/7(-;-cl)opmen; rocess Is selected from the group consisting of
fruit or vegetable rip%’ﬁ?hﬁf%lg\hgf’%ﬁ%%%%cé, %’I’th@,'gg%gf%liﬁe&ﬁ%?ﬁlﬁm@%flﬁﬁscission. 26. The
apparatus of claim ZZRfHE @b i B DR ReBA Tt PidsfearoBaRe STmeaifitrix comprising
cross-linked DEJRE -Gl edosds, asmatrieeophprisingea kg fegra Ovdlisiwcontijpdising €arrageen, a matrix
co:nprisilng gaoss-.linﬁga}gimmamt{?é&@m@ﬂﬁﬁg aCﬁ%&diBiﬁ&fii‘@ﬁag&emﬁ@ﬁﬂﬁtriﬁ comprising
polyacrylamide, or cglgi e heads: 1 27 e atus of6laim 26, whetein the matrix
comprises cross-linked Fm E%?”“'Dseevwr‘%%‘e&hﬁhg’%é -tgueollliulossgeiggfcros;s-li ked with
glutaraldehyde. 28. e appar fus of cfam , wherein the ca’t'g[iyst Is present in a catalyst module
that is placed in, pla¥8eh &4 TEFsSFER 1S PRSP 3676 AtEREPIDGYPIAL Bmf Aot claim 21 further
comprising a cotrol devidéetesldiers thexprosserd bf shcsarahsutialmonder iylant part.

lirnited o batch or continvous centrifugation, decanting, or filtration, Harvesied celis

were resuspended to a 20X concentrated volume in & suitable buffer such as 50 mM
phosphate buffered saline (PBS) supplemented with the inducer used during the
fermentation process. Cell concentrates were then frozen, particularly by rapid

25  freezing., Frozen cells were stored at -20°C-80°C or under liquid nitrogen for later

use.
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30. The apparatus of claim 21, further comprising a monitoring device for monitoring the efficacy of the
catalyst in del%gg@%ﬂgf%gnt development process. _31. The gpparatus Péﬁ@f@q%ﬁgg%@erem the
physical structure is selected from the group consisting of a film, sheet, coating layer, a slotted
chamber, a box, a pouch, and a bag. 32. The apparatus of claim 28, wherein the catalyst module can
be removed and replaced with a second catalyst module. 33The apparatus of claim 28, wherein more
than one catalyst module is placed in, placed on, or affixed to the physical structure. 34. The
apparatus of claim 28, wherein the physical structure permits air flow into the catalyst module. 35. The
apparatus of claim 3‘}35%{_)@,;%%@3%@%&” element for controlling the air flow into the catalyst
module. 36. The apparatus,of claim 28, wherein th ical structure.s prav,ded as a refrigerated
structure. 37. The gr;&p%%%%mb %’Trg‘ler?ws Ofgr, Er%gfcggrdng}rﬁlrfﬁll’aﬁi %’i‘énm%lrﬁ'fcj?(%%’c4§'r(l?f?' lling the moisture
level in the physical stesghxiec: 38. The apparatussgf claim 28, further comprising an element for
regulating the carborPuienticRetonetin the physic&PBtructure. 39. An air-permeable catalyst apparatus
for delaying a plant dgﬁﬂéwﬁcéﬁt process compﬁ§ﬁwg: a first layer; and a second layer that includes
a catalyst comprisingsQfQr.mpre bacteria selegigd from the group consisting of Rhodococcus spp.,
Brevibacterium ketogtut@micum, and mixtures tlexeof, wherein the one or more bacteria are provided
in a quantity suffiéier¥ &SR the plant develodifi#it process; wherein the first layer provides
structural integrity to %}‘%‘:@jﬁ‘@{ﬂs 40. The apﬁ)%%géys of claim 39, wherein the one or more bacteria
include Rhodococcus 41. The apparatus of claim 39, wherein the Rhodococcus spp. Includes
Rhodococcus rhodogmensdaRs 8628t aiGdrbiiospecus sp. DAP 96622 strain, Rhodococcus
mythropolis, or mifxtures thereof 42. The apparatys of claim 39, wherein the one or more bacteria are
induced by exposureﬁ@ﬁﬁﬁ@%@g agent selecai:%g from the group consisting of asparagine,
glutamine, cobalt, uregs.and gastures thereof. 1.0

Ghucaose 1.0g
20  Soluble starch 1.0g
Kzfﬂ}(l; 0.6g
MgSO0,7H,0 0.lg
Sodium Pyravate 0.5g
DI or dist H,O 1.0 liter
25
YEMEA Medium
. 1X . 2X
Yeast Extract 4.0g 8.0g
Malt Extract 16.0g 20.0g
30  Ghucose 40g - B.0g
DI or dist H.O 1.0 liter 1.0 liter
Induction
35 The following general protocol was utilized for induction of the Rhodococcus

spp. strains Rhodococcus sp. DAP 96622 and Rhodococcus rhodochrous DAFP 96523: .
Volatile inducer liquids (e.g., acrylonitrile/acetonitrile) were added
volumetrically as filter-sterilized liquid inducers based upon the density of the
particular Jiquid inducer. In the case of solid inducers {e.g., asparagine/glutamine),
40  the solids were weighed and added divectly to the culture medinm, The resulting
media were autoclaved, When filter-sterilized liquid inducers were utilized, the
cultere medium alone was autoclaved and cooled to 40°C before the liguid inducer
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43. The apparatus of claim 39, wherein the plant development process is selected from the group
consisting of fruit or vegetable ripening, flower senescence, and leaf abscissi él he catalyst
apparatus of &’glrzr?efg,z%ﬂr.{her comprising a third layer, wherein said thir?ﬁ{j%%gg%"%g{emoved from
said second layer to expose an adhesive layer that can be used to affix the catalyst apparatus to a
separate structure. 45. The catalyst apparatus of claim 44, wherein said second layer is said adhesive
layer. 46. The catalyst apparatus of claim 44, further comprising a fourth layer adjacent said third layer

that can be removed from said third layer to expose an adhesive layer that can be used to affix the
catalyst structure to g §?1B@J@t@gﬁﬁﬁGSHE&ma%ZnsE?%&%ﬁE?JX%&[%QQ;UE}EU%@L&?im 46, wherein said third
layer is said adhesive Ir?’}/er..ff} . Anﬁgir-&grmeable ba O{a]%%u-Ch ig_&ludln‘g the .%%talyst apparatus of

. : ont acetomitrile; Ppin aspara I e: and m succinonirie.
claim 39. 49,A method 1o gg aying a plan aeveﬂo ent procéss coﬁ?prlslng exposing a plant or plant
part to an enzymatic 89&?&’%6‘%%‘8}%%&‘@3&%%%6@% {re PP consisting of
Rhodococcus spp., Bravitsticteiiiiss ketbighssamicum, and mixtures thereof, said bacteria being induced
by an inducing agent selected from .the group consisting of asparagine, glutamine, cobalt, urea, and

mixtures thereof and Jaipndiydnetinsekhisge Brirgaxynoay. Ladhaptanas Al adrt in a quantity
sufficient to delay the plant deverSPAeRGRESS P FE398RAIT H-SEQUENCE LISTING <110>

Georgia State University Research Foundationinc. <120> BIOLOGICAL-BASED CATALYST TO
DELAY PLANT DEVELOPVERFBHES CREEral s7556 25 S35 H0IBTE%02 US 11/695,377 <151>
2007-04-02 <1608 13s:470i Fraseddeed midewmsiy Beforruu sep tipsngReaipqoccdng <212> PRT
<213> RhodococcusgARIg822 inl/RibAspdalybie e ASRP PTG Y Bbysiviedifidati@ y Tyr Gly Pro Val

151015 culture rnedia components, the adminisiration methods, rates, and concentrations of
asparagine provided to the cells, and the source of the cells were analyzed with
respect to their effects on the activities of the above enzymes and on biomass.

15  Sections A through G of this Example deseribe the specifics of each set of test
conditions and provide & summary of the enzymatic activities and biomasses obtained

under sach the specified conditions.

A Essentially as described above in Example 2, a 20-liter fermenter
20  inoculated using cells of Rhodococeus rhodochrous DAP 96253 harvested from solid
medium was continuously supplemented with the inducer asparagine (120 pl/minute
of a 0.2 M solution). Hy-Cotton 7803% was used in place of the proteose peptons #3
in the R3A medium described gbove. At the end of the fermentation run,
acrylonitrile-specific nitrile hydratase activity, amidase activity, and biomass were
25 ' measursd in accordance with standard techniques known in the art.
The resuits for nitrile ydratase activity, amidase activity, and biomass are
proviﬂed below in Table 3, with activities provided in units/mg ocdw (cell dry weight).
One unit of nitrile hydratase activify relates to the ability to convert 1 pmol of
acrylonitrile to its corresponding amide per minute, per milligram of cells {dry
30  weight) at pH 7.0 and a terperature of 30°C. One unit of amidase activity relates to
the sbility to convert 1 nmol of acrylamide to its corresponding acid per mimte, per
miltigram of cells (dry weight) pH of 7.0 and a temperature of 30°C, Biomass is
reported as cells packed in g/l oww (cell wet weighi).
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Pro Tyr Gin Lys Asp Glu Pro Phe Phe His Tyr Glu Trp Glu Gly Arg 202530 Thr Leu Ser lle Leu Thr Trp
Met His Leu Lys Gly met Ser Trp Trp 354045 Asp Lys Ser Arg Phe Phepéﬁgu I et Gly Mn Glu
Asn Tyr Val 5%&3@8’8 Kgsdr%oélu lle Arg Asn Ser Tyr Tyr Thr His Trp Leu Ser Ia%\&ﬁas\?g% 570 75 80 Arg
lle Leu Val Ala Asp Lys lle lle Thr Glu Glu Glu Arg Lys His 859095 Arg Val Gin Glu lle Leu Glu Gly Arg
Tyr Thr Asp Arg Asn Pro Ser 100105110 Arg Lys Phe Asp Pro Ala Glu lle Glu Lys Ala lle Glu Arg Leu
His 115120125 Glu Pro His Ser Leu Ala Leu Pro Gly Ala Glu Pro Ser Phe Ser Leu 130135140 Gly Asp
Lys Val Lys Val Lys Asn Met Asn Pro Leu Gly His Thr Arg 145150155160 Cys Pro Lys Tyr Val Arg Asn
Lys lle Gly Glu lle Valghhs Ser sl 854EA1AD S Gy b Ua Ty Bies3ly Serses Ser Ala Gly Leu Gly

Asp Asp 180185190 Pro Arg Pro LeudyrdibiMamhblaihesapiaidsin Glu Leu Trp Gly 195200205
Asp Asp Gly Asn Gly Lys.Asp \/a al Asp Ley Trp Pro 210 0 .

B. Essentially as described above in Example 3A, with changes to the
medium as noted below, enzymatic activities and biomass were assessed with
Rhodococeus rhodochrous DAP 96523 cells. In particular, YEMEA, dextrose or
maltose was added to a modified R3A medium, further containing Hy-Cotton 7803®

10 substituted for the proteose peptone #3. A 0.2 M solufion of asparagine was added at
a continuous rate of 120 pl/imimrte beginning at =8hours, At the end of the
fermentation ran, acrylonitrile-specific nitrile hydratase activity, amidase activity, and
biomass were measured, Results are summarized in Table 4. Increased biomass yield
was observed with the addition of YEMEA, dextrose, or maltose to the medinm.

15
Table 4: Enzymatic Activities and Biomass of Rhodococcus rhodochrous DAP 96523
Cells Following Continuous Induction with dsparagine
20 C. Rhedococcus sp. DAP 96622 cells from solid medium wers used as the

source of the imoculum for a 20-lter fermentation run (see Example 2 for details of
fermentation process). A 0.2 M solution of asparagine was added semi-contimmously
every 6 hours, beginning at =24 bours, for 50-70 mimutes at a rate of 2 ml/minute.
Hy-Cotton 7303® was used in place of the proteose peptone #3 in a modified R3A

25 - medium. At the end of the formentation run, acrylonitrile-specific nitrile hydratase
activity, amidase activity, and biomass were measured. The results are summarized in

' Table 5.
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Tyr Leu lle Ser Ala 225 <210> 2 <211> 229 <212> PRT <213> Nocardia sp. <400> 2 Met Asp Gly lle

His Asp Thr Gly.Gly. M hr Gly Tyr Gly Pro Val Page 1 23339004W0 k2 % ro Tyr Gin Lys
Asp Glu Pro ozﬁ%élﬁ%gﬂyr Glu Trp Glu Gly Arg 202530 Thr Leu Ser%lé El% 4{?}!; r%) Met His Leu

Lys Gly Met Ser Trp Trp 354045 Asp Lys Ser Arg Phe Phe Arg Glu Ser Met Gly Asn Glu Asn Tyr Val
505560 Asn Glu lle Arg Asn Ser Tyr Tyr Thr His Trp Leu Ser Ala Ala Glu 65707580 Arg lle Leu val Ala
Asp Lys lle lle Thr Glu Glu Glu Arg Lys His 859095 Arg val Gin Glu lle Leu Glu Gly Arg Tyr Thr Asp
Arg Asn Pro Ser 100105110 Arg Lys Phe Asp Pro Ala Glu lle Glu Lys Ala lle Glu Arg Leu His

115120125 Table 5: Enzymatic Activities and Biomass of Rhodococcus sp. DAP 96622 Cells
Following Semi-Continuous Induction with Asparagine

5 D. Rhodocoecus sp. DAP 96622 cells from solid medium were used as the
source of the inoculum for a 20-liter fermenter rum. A 0.2 M solution of asparagine
was added semi-continuously every 6 hours, beginning at t=12 hours, for 12-85
minutes at a rate of 2.5 ml/minute. Cotton Seed Hydrolysate was used in place of the
proteose peptons #3 in a modified R3A medinm. At the end of the fermentation rum,
10  acrylonitrile-specific nitrile hydratase activity, amidase activity, and biomass were

measured, and the resulis are summarized in Table 6.

Table 6: Enzymatic Activities and Biomass of Rhodococcus sp. DAP 96622 Cells
Following Semi-Continuous Induction with Asparagine

15

E. Previously frozen Rhodococous rhodochrous DAP 96253 cells were -
used as the source of the inocutum for a 20-liter fermentation run,. YEMEA, dextross,
or maliose was added to a modified R3A medium that further contained Hy-Cotton

20 7803® as a substitute for proteose peptone #3. A 0.15 M solution of agparagine was
added at & contimons rate of 120 pl/minute beginning at =8 hours. At the end of the
fermentation rim, acrylonitrile-specific nitrile hydsatase aciivity, amidase activity, aad

biomass were measured. Results are summarized in Table 7.

25 Table 7: Enzymatic Activifies and Biomass of Rhodococeus rhodochrous DAP 96523
Cells Following Continuous Induction with Asparagine
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Glu Pro His Ser Leu Ala Leu Pro Gly Ala Glu Pro Ser Phe Ser Leu 130135140 Gly Asp Lys Val Lys Val
Lys Asn Met ASn_Pro Leu Gly His Thr Arg 145150155160 Cys Pro Lys I nLys lle Gly Glu
lle Val Thr SePdid 1658179175 Gly Cys Gin lle Tyr Pro Glu Ser Ser Ser %glé%(}%%%% Asp Asp
180185190 Pro Arg Pro Leu Tyr Thr Val Ala Phe Ser Ala Gin Glu Leu Trp Gly 195200205 Asp Asp Gly
Asn Gly Lys Asp val Val Cys Val Asp Leu Trp Glu Pro 210215220 Tyr Leu lle Ser Ala 225 <210> 3
<211> 229 <212> PRT <213> Rhodococcus rhodochrous <220> <223> uncultured bacterium BD2
<400> 3 Met Asp Gly lle His Asp Thr Gly Gly Met Thr Gly Tyr Gly Pro Val 151015 Pro Tyr Gin Lys Asp

Glu Pro Phe Phe His Tyr Glu T Sld.Gl¥ Aban25 3075k teuS et e euklL Trp Met His Leu Lys Gly
lle Ser Trp Trp | .

medinm were used as the source of inoculum for a 20-liter fermentation run, A
modified R3 A medivm was used that was sepplemented by the addition of a
carbohydrate (i.e,, YEMEA, dextrose, or maltose) and further cdntaining Cottonseed
5 Hydrolysate in place of proteose peptone #3. A 0.15 M solution of asparagine was
added at 2 continuous rate of 1000 pl/minute beginning at +=10 hours, At the end of
the fermentation run, acrylonitrile-specific pitrile hydratase activity, amidase activity,

asparaginase I activity, and biomass were measured. The results are summerized in '

Table 8.
10
Table 8: Enzymatic Activities and Biomass of Rhodococeus rhodochrous DAP 96523
Cells Following Continuous Induction with Asparagine
15 G.  Rhodococens rhodochrous DAP 96253 cells grown on biphasic

medium were used as the source of inoculum for a 20-liter fermentation ron. A
modified R3A medinm was vsed that contained maltose (in place of dextrose) and
Hy-Cotton 7803 ® as a substituie for proteose peptone #3. A 0.15 M solution of
asparagine was added at a continuous rate of 476 ul/minute beginning at t+=8 hours.
20 Atthe end of the fermentation run, acrylonitrile-specific nitrile hydratase activity,
amidage activity, and biomass were measuored, and the results are summarized in

Table 9.

Table 9: Enzymatic Activities and Biomass of Rhodococcus rhodochrous DAP 96523
25 Cells Following Continuous Induction with Asparagine
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354045 Asp Lys Ser Arg Phe Phe Arg Glu Ser Met Gly Asn Glu Asn Tyr val 505560 Asn Glu lle Arg
Asn Ser Tyr Tyr Thr His Trp Leu Ser Ala Ala Glu 65 70 75 80 Arg lle Le ys lle lle Thr
Glu Glu Glu A‘r¥g° Ei’/%s”ﬁﬁ%3‘é759095 Arg val Gin Glu lle Leu Glu Gly Arg Ty?%@ﬂ%@%gskys Pro Ser
100105110 Arg Lys Phe Asp Pro Ala Gin lle Glu Lys Ala lle Glu Arg Leu His 115120125 Glu Pro His
Ser Leu Ala Leu Pro Gly Ala Glu Pro Ser Phe Ser Leu 130135140 Gly Asp Lys lle Lys Val Lys Ser Met
Asn Pro Leu Gly His Thr Arg 145150155160 Cys Pro Lys Tyr val Arg Asn Lys lle Gly Glu lle val Ala
Tyr His 165170175 Gly Cys Gin lle Tyr Pro Glu Ser Ser Ser Ala Gly Leu Gly Asp Asp Page 2

23339004W01.txt 180135490, 58818 bethhuso Lt Yalchte e SRiAIR Gl Glu Leu Trp Cly
195200205 Asp Asp Gly Asn Gly Lys Asp Maked aticcgiivsitidgie Leu Trp Glu Pro 210215220

A modified process derived from the methods described in U.S. Patent No.
5 4,220,536 and in Lopez-Gallego ef al. (2005) J. Biotechnol. 119:70-75 is nsed to
immobilize Rhodococcus spp. cells in a mairix comprising ghitaraldehyde cross-
linked DEAE-cellulose.

FPreparation of cells
10 Rhodocoocus cells are grown in an appropriate cultore medivm (e.g.,
YEMEA-maltose + inducers, hiphasic cultures, etc.) and harvested by cenirifugation
4t 8,000 rpm for 10 mimtes. The resulting cell pellet is resuspended in 100 ml of 50
_mM phosphate buffer (pH 7.2) and cenirifuged at 8,000 rpm for 10 minutes, This
process of resuspending the cell pellet and centrifuging at 8,000 rpm for 10 mimstes is
15  repeated tﬁce. The packed wet weight (ww) of the final cell sample is noted. The
nitrile hydratase activity of a small sample of the cells is performed to assess the
enzymatic activity of the whole cells.

Immobilization of Cells

20 An amount of DEAE-cellulose equivaient o that of the harvested
Rhodococeus spp. cells is obtained, and the celis and the DEAE-cellulose are
resuspended in 100 m! of deionized $,0. A volume of a 25% solution of
ghutaraldehyde sufficient to achieve a final concentration.of 0.5% is added with
stirring to the mixture of cells/DEAE-celtulose. The mixture is stirred for 1 hou,

25 after which 400 ml of deionized HzO is added with further mixing, While stirring,
50% (by weight solution) of polyethylenimine (PEL MW 750,000} is added. Stirring -
proceeds until floccnlation is completed. The floceniated mixture is filtered and
extruded through a syringe of appropriate size. The immobilized cells are broken up
‘into small pieces, dried overnight, and cut into gramules of approximately 2-3 om

30  prior to use.
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Tyr Leu lle Ser Ala 225 <210> 4 <211> 166 <212> PRT <213> unknown <220> <223> Uncultured
bacterium BD2 <220> <221> PEPTIDE <222> (1)...(166) <223> Beta-s ' itrile hydratase
<400> 4 Met ,&Zsenggﬁilﬁ‘g%is Asp Thr Gly Gly Met Thr Gly Tyr Gly Pro V%éﬁ%%)gﬁhgrigﬁ'r;r Gin Lys Asp
Glu Pro Phe Phe His Tyr Glu Trp Glu Gly Arg 202530 Thr Leu Ser lle Leu Thr Trp Met His Leu Lys Gly
lle Ser Trp Trp 354045 Asp Lys Ser Arg Phe Phe Arg Glu Ser Met Gly ASn Glu Asn Tyr Val 505560
Asp Glu he Arg Asn Ser Tyr Tyr Thr His Trp Leu Ser Ala Ala Glu 65 70 75 80 Arg lle Leu val Ala Asp
Lys lle lle Thr Glu Glu Glu Arg Lys His 859095 Arg val Gin Glu lle Leu Glu Gly Arg Tyr Thr Asp Arg
Lys Pro Ser 10010511@Atgd ¥3-RheAsRRiGin Gind iGlelik wcAlada Gludeg Leu His

Hardening of Calcium Alginate Beads

A process adapted from the method described in Bucke (1987) “Cell
5 Tmmobilization in Calcinm Alginate” in Methods in Enzymology, Vol. 135(B)
{Academic Press, Inc., San Diego, California; Mosbach, ed.) is used to immobilize
Rhodococcus spp. cells in calchum alginate,

Preparation of cells

10 The Rhodococcus spp. cells are prepared as described above in Example 4.

Immaobilization of Cells ‘
25 g of a 4% sodium alginate solution is produced by dissolving 1 g of sodium

alginate in 24 m! of 50 mM Tris-HCI (pH 7.2). 25 mg of sodium metaperiodate is

15  added to the alginate solution and stirred at 25°C for 1 hour or until the alginate is
completely dissolved. The cells prepared as described above are resuspended fo 3
final volume of 50 ml in 506 mM Tris-HCI (pH 7.2) and then added to the sodium
alginate solution with stiring. The resulting beads are extroded through 2 27-gauge
needle into 500 ml of a 0.1 M CaCl, solution. The needle is generally placed

20 approximately two inches above the solution to prevent air entry into the beads and to
prevent sticking of the beads. The beads are cured for 1 hour in the CaCl; solution,
and the beads are then rinsed with water and stored at4°Cina 0.1 M‘CaCIQ sohution

prior to use.

25  Hordening of Calcium Alginate Beads Comprising Rhodococcus spp. Cells
The calcium alginate beads prepared as outlined above may be further
strengthened by cross-linking with PEL The beads are incubated in 2 L of 0.5% PEI
ina 0.1 M CaCl, solution (20 g of 56% PEI in a 0.1 M CaCl; solution), The pH of the
fina? solution is adjusted o 7.0 with HCI or NaOH, if necessary, and the beads are
30  incubated for 24 howrs. The beads are then rinsed with water and stored at4°Cin a

0.1 M CaCl; solution prior 1o use.

31



115120125 Glu Pro His Ser Leu Ala Leu Pro Gly Ala Glu Pro Ser Phe Ser Leu 130135140 Gly Asp Lys

Asn Gin Ser Cé‘I]u G|l§l/T r gslu Pro Ala Gly Thr His Thr 145 150 155 160 \é@lrﬁé?ﬁ%lﬁsgggﬁclys Ala 165
<210> 5 <21 1¥YYF2575% PRT <213> Rhodococcus sp. <400> 5 Met Ser Glu His Val Asn Lys Tyr
Thr Glu Tyr Glu Ala Arg Thr Lys 151015 Ala lle Glu Thr Leu Leu Tyr Glu Arg Gly Leu lle Thr Pro Ala
Ala 202530 Val Asp Arg Val Val Ser Tyr Tyr Glu Asn Glu lle Gly Pro Met Gly 354045 Gly Ala Lys Val
Val Ala Lys Ser Trp Val Asp Pro Glu Tyr Arg Lys 505560 Trp Leu Glu Glu Asp Ala Thr Ala Ala Met Ala
Ser Leu Gly Tyr Ala 65707580 Page 3 23339004w01.txt Gly Glu Gin Ala His Gin lle Ser Ala val Phe

Asn Asp ser Gin Thr Many modifications and other embodiments of the inventions set forth herein
will come to mind to one skilled in the art to which these inventions pertain having
the benefit of the teachings presented in tha' foregoing descriptions. Therefore, it is to
be understood that the inventions are not to be limited to the specific embodiments

5  disclosed and that modifications and other embodiments are intended té be included
within the scope of the appended claims. Although specific term§ are smploved
herein, they are used in a generic énd descriptive sense only and not for purposes of

imitation.
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859095 His His val val val Cys Thr Leu Cys Ser Cys Tyr Pro Trp Pro Val 100105110 Leu Gly Leu Pro
Pro Ala Trp Tyr Lys ser met Glu Tyr Arg ser Arg 115120125 Val Val Ala Asp Pro Arg Gly val Leu Lys
Arg Asp Phe Gly Phe Asp 130135140 lle Pro AS Glu Val Glu val Arg Val Trp Asp Ser Ser Ser Glu lle
145150155160 Arg Tyr lle val lle Pro Glu Arg Pro Ala Gly Thr Asp Gly Trp Ser

165170175- GHrAdsyri@medeu Ala Lys Leu Val Ser Arg Asp Ser Met lle Gly val 180185190

Ser Asn Ala Lieu Tht B, Gig.Cluxald1e Mak 1oRa00hsh L% &8s Bhrstd 2 pedife Fifkd: 5213>
Rhodococcus rhodocﬁ}rous <400>§S%lé/|e§{8er Glu Hiseve% AcsnSL sgaTi/Sr %hﬁélu@ar G|El Ala Arg Thr Lys

151015 Ala [RASIEHP 1988 T etOryPefiar e (RuNe FHPBTOKISAR[tHsE from the

group consisting of Rhodococcus spp., Brevibacterium ketoglutamicum, and mixtures thereof,
and wherein the one or more bacteria are exposed to the plant or plant part in a quantity

sufficient to delay the plant development process,

A The method of claim 1, wherein the one or more bacteria include Rhodococcus spp.

3. The method of claim 2, wherein the Rhodococcus spp. includes Rhodococcus
rhodochrous DDAP 96253 strain, Rhodococcus sp. DAP 96622 strain, Rhodococcus

erythropolis, or mixtures thereof.

4. The method of claim 1, wherein the one or more bacteria are mduced by exposure to
an inducing agent selected from the group consisting of asparagine, glutamine, cobalt, urea,

and mixtures thereof,

3. The method of claim 4, wherein the one or more bacteria are induced by exposure to
asparagine.
6. The method of claim 4, wherein the one or more bacteria are induced by exposure to

asparagine, cobalt, and urea.

7. The method of claim 1, wherein the plant or plant part is indirectly exposed to the one

or more bacteria.

8. The method of claim 1, wherein the plant or plant part is directly exposed to the one

or more bacteria.
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val Asp Arg val val Ser Tyr Tyr Glu Asn Glu lle Gly Pro met Gly 354045 Gly Ala Lys val Val Ala Lys ser
Trp Val Asp Pro Glu Tyr Arg Lys 505560 Trp Leu Glu Glu Asp Ala Thr Ala Ala met Ala Ser Leu Gly Tyr
Ala 65707580 Gly Glu Gin Ala His Gin lle Ser Ala Val Phe Asn Asp Ser GIn Thr 859095 His His val val

val Cys Thr Leu cys.Ser Tyr Pro Trp, Pro Val 100105110 Leu Gly Leu.Pro Pro Ala, Trp Tyr Lys Ser
et Gl Tyr Arg cor e THBA AR VAT A S ALE P AT e ML Pt Mo R Bhe Gly Phe
Asp 13013514p:tiezPro Asp Glu val Glu Val Arg val Trp Asp Ser Ser ser Glu lle 145150155160 Arg Tyr
lle Val lle Pro Glu Arg Pro Ala Gly Thr Asp Gly Trp ser 165170175 Glu Glu Glu Leu Thr Lys Leu val
ser Arg Asp Ser met lle Gly val 180185190 ser Asn Ala Leu Thr Pro Gin Glu Val lle val
195200 <210307 <Jlrpmggerdes soinBRhegn 4 pIRKmaI @ fruit or a vegetable.

11 The method of ¢laim 10, wherein the fruit is a climacteric fruit.

12 The method of claim 11, wherein the climacteric fruit is selected from the group

consisting of bananas, peaches, plurns, nectarines, apples, tomatoes, pears and avoeados.
HES The method of claim 10, wherein the fruit is a nonclimacteric fruit.
14. The method of claim 9, wherein the plant part is a cucumber.

15, The method of claim 1, wherein the plant part is a flower and the plant development

process is flower senescence, wilting, abscission or petal closure.

16. The method of claim 35, wherein the flower is a carnation, rose, orchid, portulaca,

malva, or begonia.

I7. The method of claim 1, wherein the plant development process is leaf abscission.
18. The method of clamm 1, wherein the plant part is a cut flower.
19, The method of claim 1, wherein delaying the plant development process resuits in

increased sheif-life or facilitates longer-distance transportation of the plant or plant part.
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<220> <223> uncultured bacterium sP1 <220< <221> PEPTIDE <222> (1)...(180)

23339004WO01.txt <223> Alpha-subunit of nitrile hydratase <400> 7 met Ser Glu His Val Asn Lys Tyr
Thr Glu Tyr Glu Ala Arg Thr Lys 151015 Ala val Glu Thr Leu Leu Tyr Glu Arg Gly Leu lle Thr Pro Ala
Ala 202530 val, Asp.Arg Val er Tyr Tyr Gly Asn Glu lle Gly Pro Met Gly.354045 Gly Ala Lys Val
Val Ala Lys S Tro ChTR S oL i T el SR B P g S A Vit Al
Ser Leu Gly TcAlan65ZG75800GHIGHItGHpivucH igrifigro g NahleVal GysrTihel sera@ysfSer Cys Tyr
859095 Pro Tﬂﬁﬁ&?p\éﬁl U Gly Leu Pro Pro Ala Trp Tyr Lys Ser Met Glu 100105110 Tyr Arg Ser Arg
Val val Ala Asp Pro Arg Gly Val Leu Lys Arg Asp 115120125

21. An apparatus for delaying a plant development process comprising a catalyst that
comprises one or more bacteria selected from the group consisting of Rhodococcus spp.,
Brevibacterium ketoglutamicum, and mixtures thereof, wherein the one or more bacteria are

provided in a quantity sufficient to delay the plant development process.

22. The apparatus of claim 21, wherein the one or more bacteria include Rhodococcus
spp.
23, The apparatus of claim 22, wherein the Rhodococcus spp. includes Rhodococeus

rhodochrous DAP 962353 strain, Rhodococcus sp. DAP 96622 strain, Rhodococcus

erythropolis, or mixtures thereof.

24, The apparatus of claim 21, wherein the one or more bacteria are induced by exposure
to an inducing agent selected from the group consisting of asparagine, glutamine, cobalt, urea,

and mixtures thereof.

25. The apparatus of claim 21, wherein the plant development process is selected from the
group consisting of fruit or vegetable ripening, flower senescence, wilting, petal closure, and

leaf abscission.

26. The apparatus of claim 21, wherein the one or more bacteria are immobilized in a
matrix comprising cross-linked DEAE-cellulose, a matrix comprising alginate, a matrix
comprising carrageen, a matrix comprising cross-linked alginate, a matrix comprising cross-

linked carrageen, a matrix comprising polyacrylamide, or calcium alginate beads.

27. The apparatus of claim 26, wherein the matrix comprises cross-linked DEAE-

cellulose, wherein the DEAE-cellulose is cross-linked with glutaraldehyde.
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Phe Gly Phe Asp lle Pro Asp Glu Val Glu Val Arg Val Trp Asp ser 130135140 Ser ser Glu lle Arg Tyr
lle Val lle Pro Glu Arg Pro Ala Gly Thr 145150155160 Asp Gly Trp Ser Glu Glu Glu Leu Thr Lys Leu
val Ser Arg Asp Ser 165170175 lle lle Gly Val 180 <210> 8 <211> 345 <212> PRT <213>
Rhodococcus_ thodqgchrous <400> 8 Met Arg His Gl lle Ser Ser Ser Pro Asp Thr Val Gly Val Ala
151015 val VA Aon T RET By LAy TR ET8 KRS O S GPAb s A Ala Arg Ala
lle Ala Lys Meftaval d.all{aty dMetrlefisdle GiB54045dwee Pro Gly met Asp Leu val val Phe Pro Glu Tyr
Ser Thr met Gly 505560 lle met Tyr Asp Asn Asp Glu Met Tyr Ala Thr Ala Ala Thr Ile Pro 65 70 75 80
Gly Asp Glu Thr Asp lle Phe Ala GIn Ala Cys Arg Asp Ala Lys Thr 859095 Trp Gly Val Phe Ser lle Thr
Gly Glu Arg H$ GlulRsprriehy s Ao foten ePpEsp PSR ARES Pridlisteressitadlile Asn Asp Gin

Gly Glu lle  the catalyst to a plant or plant part.

30. The apparatus of claim 21, further comprising a monitoring device for monitoring the

efficacy of the catalyst in delaying the plant development process.

3L The apparatus of claim 28, wherein the physical siructure is selected from the group

consisting of a film, sheet, coating layer, a slotted chamber, a box, a pouch, and a bag.

32.  The apparatus of claim 28, wherein the catalyst module can be removed and replaced

with a second catalyst module.

33, The apparatus of claim 28, wherein more than one catalyst module is placed in, placed

on, or affixed to the physical structure,

34, The apparatus of claim 28, wherein the physical structure permits air flow into the

catalyst module,

35, The apparatus of claim 34, further comprising an element for controlling the air flow

into the catalyst module.

36. The apparatus of claim 28, wherein the physical structure is provided as a refrigerated

structure.
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115120.125 Val Gin Lys Tyr Arg Lys lle Leu Pro Trp Thr Pro lle Glu Gly Trp 130135140 Tyr Pro Gly
Gly Gin Thr Tyr Val Thr Asp Gly Pro Lys Gly Leu Lys 145150155160 lle Ser Leu lle lle Cys Asp ASp
Gly Asn Tyr Pro Glu lle Trp Arg 165170175 Asp Cys Ala Met Lys Gly Ala Glu Leu lle Val Arg Pro Gin
Gly Tyr 1801 1901r1ney TKr tPror%sfr ng %%Girg) Girgsyala%e eﬂI\{Ieﬁ@la Lys iIa Vet (ﬁ"{" 195200205 Trp
Ala Asn Asn Cys Tyrlv31p G Val Al Asn aeﬁ'%rn@fy Phe ,&spe ﬁf%%? Egage 57'53339004W01.txt
Gly Val Tyr Serelyr tRhdGheHisGer.Ala lle lle Gly Phe Asp Gly 225230235240 Arg Thr Leu Gly Glu
Cys Gly Glu Glu Asp Tyr Gly Val Gin Tyr Ala 245250255 Gin Leu Ser Leu Ser Thr lle Arg ASp Ala Arg

Ala ASn Asp Gin Ser 260265270 Gin Asn His Leu Phe Lys Leu Leu His Ar GI%Tyr Thr Gly Val Phe
275280285 8- The apparatus of claim 28, further comprising an element for regulating the carbon

dioxide level in the physical structure.

39. An air-permeable catalyst apparatus for delaying a plant development process
comprising:

a first layer; and

a second layer that includes a catalyst comprising one or more bacteria selected from
the group consisting of Rhodococcus spp., Brevibacterium ketoglutamicum, and mixtures
thereof, wherein the one or more bacteria are provided in a quantity sufficient to delay the
plant development process; |

wherein the first layer provides structural integrity to the apparatus.

40, The apparatus of claim 39, wherein the one or more bacteria include Rhodococcus
Spp.
41. The apparatus of claim 39, wherein the Rhodococcus spp. Includes Rhodococcus

rhodochrous DAP 96253 strain, Rhodococcus sp. DAP 96622 strain, Rhodococcus

erythropolis, or mixtures thereof.
42. The apparatus of c¢laim 39, wherein the one or more bacteria are induced by exposure
to an inducing agent selected from the group consisting of asparagine, glutamine, cobalt, urea,

and mixtures thereof.

43, The apparatus of claim 39, wherein the plant development process is selected from

the group consisting of fruit or vegetable ripening, flower senescence, and leaf abscission.
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Ala Gly Gly Asp Gly Asp Lys Gly Val Ala Asp Cys Pro Phe Asp Phe 290295300 Tyr Arg Asn Trp Val
Asn Asp Ala Glu Ala Thr Gin Lys Ala Val Glu 305310315320 Ala lle Thr Arg Glu Thr lle Gly val Ala Asp
Cys Pro Val Tyr Asp 325330335 Leu Pro Ser Glu Lys Thr Met Asp Ala 340345 <210> 9

<211> 345 < %2> PRT <21},3> Nocardl? f?ru |& <400> 9 Met Ar%’ﬁﬁﬂelxrﬁ}r‘s% lle Sgr Ser Ser Pro

Asp Thr Val Gly val ,&Faci% TBRIEF VA ASH yi 31}%1 Ceotnﬁ’rrcl)sl,l&%‘g& eu s % Ala Glu Val Leu

202530 Asp Asnl Bys AagbArgnite@l&dkspiVetddUuavaliGlyivietoh pdt8eareGlye854048 beu Pro Gly Met

Asp Leu Val Yal;:PhePra Glu Tvr. amr«co%i{lerﬁ}%?@é@t@%”e met Tyr Asp Glu Gin Glu Met Tyr Asp Thr
Ala Ala Thr Val Pro 65 70 75 80 Gly Glu Glu Thr Ala lle Phe Ser Ala Ala Cys Arg Glu Ala Gly Val

859095 Trp Gly Val Phe Ser lle Thr Gly Glu Gin His Glu Asp His Pro Arg

45. The catalyst apparatus of claim 44, wherein said second layer is said adhesive layer.

46. The catalyst apparatus of claim 44, further comprising a fourth layer adjacent said
third layer that can be removed from said third layer to expose an adhesive layer that can be

used to affix the catalyst structure to a separate struciure.

47. The catalyst apparatus of claim 46, wherein said third layer is said adhesive layer.

48. An air-permeable bag or pouch including the catalyst apparatus of claim 39.

49, A method for delaying a plant development process comprising exposing a plant or
plant part to an enzymatic extract of one or more bacteria selected from the group consisting
of Rhodococcus spp., Brevibacterium ketoglutamicum, and mixtures thereof, said bacteria
being induced by an inducing agent selected from the group consisting of asparagine,
glutamine, cobalt, urea, and mixtures thereof and said enzymatic extract being exposed to the

plant or plant part in & quantity sufficient to delay the plant development process.
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100105110 Lys Pro Pro Tyr Asn Thr Leu Val Leu lle Asp Asp His Gly Glu lle 115120125 Val Gin Lys
Tyr Arg Lys lle Leu Pro Trp Cys Pro lle Glu Gly Trp 130135140 Tyr Pro Gly Asp Thr Thr Tyr Val Thr
Glu Gly Pro Lys Gly Leu Lys 145150155160 lle Ser Leu lle Val Cys Asp Asp Gly Asn Tyr Pro Glu lle
Trp Arg 165170175 Asp Cys Ala Met Lys Ghzadamtn Lexlle val Arg Cys Gin Gly Tyr 180185190 Met
Tyr Pro Ser Lys Asp Gin Gin Val Leu Met Ala Lys Ala Met Ala 195200205 Trp Ala Asn Asn Cys Tyr val
Ala Val Ala Asn Ala Ala Gly Pﬁ%qﬂss%cﬁlb]i? 0 Gly Val Tyr Ser Tyr Phe Gly His Ser Ala Leu lle Gly
PheiAsp Gdyrdd2280235240vakg THY RebcahyiGkbliaGipsluietu Glu Tyr Gly lle Gin Tyr Ala

245250255 Gin Leu ser lle S%réA % é\ g@l HH Ala His Asp Gin Ser 260265270 Gin Asn His
Led é%ﬁgﬁ,&% élé § f\yL ny ¢ %B\ﬁl %9275280285 Ala Ala Gly Asp Gly Asp Arg Gly Val
Ala Asp Cys Pro Phe Glu Phe

<130> 23339-004w01

<150> us 11/695,377
<151> 2007-04-02

<160> 13
<170> FastSEQ for Windows version 4.0

<210> 1

<211> 229

<212> PRT

<213> Rhodococcus sp.

<400> 1
Met Asp Gly Ile His Asp Thr Gly Gly Met Thr Gly Tyr Gly Pgo val
1 5 10 1
Pro Tyr Gln Lys Asp Glu Pro Phe ;?e His Tyr Glu Trp géu Gly Arg
20
Thr Leu Ser Ile Leu Thr Trp Qgt His Leu Lys Gly ﬁ%t Ser Trp Trp
35 '
ASp Lgs Ser Arg Phe Phe @gg Glu Ser Met Gly égn Glu Asn Tyr val
5
Asn Glu ITe Arg Asn Ser Tyr Tyr Thr His Trp Leu Ser aAla Ala Glu
- 65 70 75 80
Arg Ite teu val Ala Asp Lys Ile Ile ggr Glu Glu Glu Arg ;35/5 HiS
85
Arg val 6In Glu Ile Leu Glu Gly Arg Tyr Thr Asp Arg Asn Pro Ser
100 105 110
Arg Lys Phe Asp Pro Ala Glu I'le Glu tys Ala Iie Glu Arg Leu His
115 120 125
Glu Pro His Ser Leu Ala Leu Pro Gly Ala Glu Pro Ser Phe Ser Leu
130 135 140
Gly Asp Lys val Lys val Lys Asn Met Asn Pro Leu Gly His Thr Arg
145 150 155 160
Cys Pro Lys Tyr val Arg Asn Lys Ile Gly Glu Ile val Thr Ser His
165 170 175
Gly Cys GIn Ile Tyr Pro Glu Ser Ser Ser Ala Gly Leu Gly Asp Asp
180 185 190
Pro Arg Pro Leu Tyr Thr val Ala Phe Ser Ala GIn Glu Leu Trp Gly
195 200 205
Asp Asp Gly Asn Gly Lys Asp val val Cys val Asp Leu Trp Glu Pro
210 215 220
Tyr Leu Ile Ser Ala
225

<21(0> 2

<211> 229

<212> PRT

<213> Nocardia sp.

<400> 2 _
Met Asp Gly Ile His Asp Thr Gly Gly Met Thr Gly Tyr Gly Pro val
Page 1



290295300 Tyr Lys Leu Trp Val Thr Asp Ala Gin Gin Ala Arg Glu Arg Val Glu Page 6
23339004WO01.txt 305310315320 Ala lle Thr Arg Asp Thr val Gly Val Ala Asp Cys Arg Val Gly Ser
325330335 Leu Pro Val Glu Gin Thr Leu Glu Ala 340345 <210> 10 <211> 346 <212> PRT <213>
Pseudomonas aeruginosa <400> 10 Met Brpbiisdaty Asixlle Ser Ser Ser Asn Asp Thr val Gly Val Ala
151015 Val Val Asn ys Met Pro Ar g Lé@ His Thr.Ala Ala Iu I Leu 202530 Asp Asn Ala Arg Lys

e"Afh BID fret fgva ESI§ rl?ygbflnz Jy 554045 Gay P& Qy'met’ASp%eu Val Val Phe Pro Glu Tyr
Serreudsinn&lyr56.2560THe MemT psPthhay@Imlyleaad\ﬂeiﬁlmﬁhrmta Val Ala lle Pro 65707580

CYS RS RY i Phe g Necyseratya ledhan ! 85900
55
Asn Glu Ile-Arg Asn Ser Tyr Tyr Thr His Trp Leu ser Ala Ala Glu
65 70 75 80
Arg Ile Leu val gﬂa Asp Lys Ile Ile "ggr Glu GTu Glu Arg tésszs His
5
Arg val GIn Glu Ile Leu Glu Gly Arg Tyr Thr Asp Arg Asn Pro Ser
w00 105 S 110
Arg Lys Phe Asp Pro Ala Glu ITe Glu Lys Ala Ile Glu Arg Leu His
115 120 125
Glu Pro His Ser Leu Ala Leu Pro Gly Ala Glu Pro Ser Phe Ser Leu
130 135 140
Gly Asp Lys val Lys val Lys Asnh Met Asn Pro Leu Gly His Thr Arg
145 150 155 160
Cys Pro Lys Tyr val Arg Asn Lys Ile Gly Glu Ile val Thr Ser His
165 170 175
Gly Cys GIn Ile Tyr Pro Glu Ser Ser Ser Ala Gly Leu Gly Asp Asp
180 185 190
Pro Arg Pro Leu Tyr Thr val Ala Phe Ser Ala Gin Glu Leu Trp Gly
195 200 205
Asp Asp Gly Asn Gly Lys Asp val val Cys val Asp Leu Trp Glu Pro
210 215 220
Tyr Leu ITe Ser Ala
225

<210> 3

<211> 229

<212> PRT

<213> rhodococcus rhodochrous

<220>
<223> uncultured bacterium BD2

<400> 3
Met Asp Gly Ile His Asp Thr Gly Gly Mgt Thr Gly Tyr Gly Pgo val
1 5 1 1
Pro Tyr GIn 5%5 Asp Glu Pro Phe Phe His Tyr Glu Trp ggu Gly Arg
_ 25
Thr Leu Ser Ile Leu Thr Trp Met His Leu Lys Gly Ile Ser Trp Trp
35 40 45
Asp Lys Ser Arg Phe Phe Arg Glu Ser Met Gly ggn Glu Asn Tyr val
50 55
Asn Glu Ile Arg Asn Ser Tyr Tyr Thr His Trp Leu Ser Ala Ala Glu
65 70 75 80
Arg Ile Leu val Ala Asp Lys Ile Ile Thr Glu Glu Glu Arg Lys His
85 90 95
arg val G1In Glu Ile Leu Glu Gly Arg Tyr Thr Asp Arg Lys Pro Ser
100 _ 105 110 )
‘Arg -Lys Phe Asp Pro Ala GIn Ile Glu Lys Ala Ile Glu Arg Leu His
115 120 125
Glu Pro His Ser Leu Ala Leu Pro Gly Ala Glu Pro Ser Phe Ser Leu
130 135 140
Gly Asp Lys Ile Lys val Lys Ser Met Asn Pro Leu Gly His Thr Arg
145 150 155 160
Cys Pro Lys Tyr val Arg Asn Lys Ile Gly Glu Ile val Ala Tyr His
165 170 175
Gly Cys Gln Ile Tyr Pro Glu Ser Ser Ser Ala Gly Leu Gly Asp Asp
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Trp Gly Val Phe Ser Leu Thr Gly Glu Arg His Glu Glu His Pro Arg 100105110 Lys Ala Pro Tyr Asn Thr
Leu Val Leu lle Asp Asn Asn Gly Glu lle 115120125 val Gin Lys Tyr Arg Lys lle lle Pro Trp Cys Pro lle
Glu Gly Trp 130135140 Tyr Pro Gly Gly Gin Thr Tyr Val Ser Glu Gly Pro Lys Gly Met Lys
145150155160 lle Ser Leu lle lle Cys AspAsmbiywdsntkyr Pro Glu lle Trp Arg 165170175 Asp Cys

Ala Met Lys Glyl&R Glu Leu lle _}/al r%%/s Gin %y "I'X/r 1 018‘519T0 Met Tyr Pro Ala Lys Asp Gin Gin
vdiilet Mef §a"5s Aia Mt X 1@% 6508°frh Kias S,Z%n"éif/s T9r Val Ala val Ala Asn Ala Ala Gly

n

Phes Asps R 1081 32205y Mad TapSes TTwaPhey SlyHiSenala Heplle 1@y Rhe Asp Gly 225230235240

Arg ThEEeu Gly Glu Cys Gly &t Glu Glu met Gly 1€€€in Tyr Ala 245250255 Gin Leu Ser Leu Ser Gin
g i Lgfa'ﬁ‘ ’&e ¥i

Ilezégg lP(\esup ré A& Asn Asp Gin ser 260265270 Gin Asn His Leu Phe Lys lle Leu His Arg Gly Tyr

Ser Gly Leu Gin 275280285

<210> 4
<211> 166
<212> PRT
<213> unknown

<220>
<223> Uncultured bacterium BD2

<220>

<221> PEPTIDE

<222> (1)...(166) )

<223> Beta-subunit of nitrile hydratase

<400> 4 . .
Met Asp Gly Ile His Asp Thr Gly Gly Met Thr Gly Tyr Gly §§o val
1 5 10
Pro Tyr Gin Lys Asp Glu Pro Phe ;he His Tyr Glu Trp ggu Gly Arg
20 5
Thr Leu Ser ITe Leu Thr Trp Met His Leu Lys Gly ige ser Trp Trp
35 40
Asp Lys Ser Arg Phe pPhe Arg Glu Ser Met Gly ggn Glu Asn Tyr val
50 55
Asp Glu Ile Arg Asn Ser Tyr Tyr Thr His Trp Leu Ser Ala Ala Glu
65 70 75 80
arg Ile Leu val Ala Asp Lys Ile Ile ggr Glu GIu Glu Arg ggs His
85
Arg val Gln Glu Ile Leu Glu Gly Arg Tyr Thr Asp Arg Lys Pro Ser
100 105 110 o
Arg Lys Phe Asp Pro Ala Gln Ile Glu Lys Ala Ile Glu Arg Leu His
115 120 125 ' '
Glu Pro His Sar Leu Ala Leu Pro Gly Ala Glu Pro Ser Phe Ser lLeu
130 135 140 i

Gly Asp Lys Asn GIn ser Glu Glu Tyr Glu Pro Ala Gly Thr HMis Thr
145 150 155 160
val pro Glu Ile g%g Ala

<210> 5

<211> 203

<212> PRT

<213> Rhodococcus sp.

<400> 5

Mit Ser Glu His V§1 Ash Lys Tyr Thr %&u Tyr Glu Ala Arg E?r Lys
Ala 1Te Glu Thr Leu Leu Tyr Glu Arg Gly Leu Ile Thr Pro Ala Ala
val Asp %gg 521 V;? Ser Tyr Z%r é%u Asn Glu Ile géy g?o Met Gly
Gly éga L.ys val val Ala Lys Ser Trp val Asp Pro Glu Tyr Arg Lys

Trp Leu Glu Glu Asp Ala Thr Ala Ala Met Ala Ser Leu Gly Tyr Ala
65 70 75 ' 80
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Ala Ser Gly Asp Gly Asp Arg Gly Leu Ala Glu Cys Pro Phe Glu Phe 290295300 Tyr Arg Thr Trp val
Thr Asp Ala Glu Lys Ala Arg Glu Asn Val Glu 305310315320 Arg Leu Thr Arg Ser Thr Thr Gly Val Ala
GIn Cys Pro val Gly Arg 325330335 Leu Pro Tyr Glu Gly Leu Glu Lys Glu Ala 340345
<210> 11 <211> 339 <212> PRT <213> Helizotaator pyteri 23339004WO01.txt <400> 11 Met Arg His
GlgTAsp Ile Ser Bz S‘%ﬁ FrONABRETER VAT Bl a/alPRR A5 04 VRV, ASAWTyr Lys Met Pro Arg Leu His

T%%@oaqlwyﬁlﬁaauc%%%ﬁp Bdy A58 Us R Aspr ligrbla Ly oVl e Gly Gly Val Lys Gin Gly
354045 Leu Prol@ly Leu Asp Leu lle lle®he Pro Glu Tyr Ser Th¥ His Gly 505560 lle met Tyr Asp Arg
GiheGIlS&Meii é’ﬂ%ﬁ%ﬁz\i’amaég VAPRE 689D ?%%qﬁl)ﬁ@u%fuw Ala lle Leu Ala Glu Ala Cys

LysdiysAsniysVal 889095 TR Glyivaklhe Setrgeunsphekayd®iu s kg Glu Gin Ala Lys Lys
100105800 135 140 ‘ :

Ile Pro Asp Glu val Glu val Arg val Trp Asp Ser Ser Ser Glu Ile

145 150 155 . 160

Arg Tyr Ile val Ile Pro Glu Arg Pro Ala Gly Thr Asp Gly Trp Ser

165 170 . : 75 0 -
Glu Asp Glu teu Ala Lys Leu val Ser Arg Asp Ser Met Ile Gly val
180 185 190
ser Asn Ala Leu Thr pPro Gln Glu val Ile val
195 200

<210> 6

<211> 203

<212> PRT

<213> Rhodococcus rhodochrous

<400> 6
Met Ser Glu His V?T Asn Lys Tyr Thr Glu Tyr Glu Ala Arg {?r-uys
1 10
Ala I'le Glu ggr Leu Leu Tyr Glu ggg Gly Leu Ile Thr ;ro Ala Ala
0
val Asp Arg val val Ser Tyr 15r Glu Asn Glu Ile Ggy Pro Met Gly
35 4
Gly Ala Lys val val Ala %gs ser Trp val Asp Pro Glu Tyr Arg Lys
50 60
Trp Lteu Glu Glu Asp Ala Thr Ala Ala Met Ala Ser Leu Gly Tyr Ala
65 70 75 80
Gly Glu GIn Ala His GIn Ile Ser Ala gg1 Phe Asn Asp Ser ggn Thr
85 '
His His val val val Cys Thr Leu Cys Ser Cys Tyr Pro Trp Pro val
100 105 110
Leu Gly Leu Pro Pro Ala Trp Tyr Lys Ser Met Giu Tyr Arg Ser Arg
115 120 125
val val Ala Asp Pro Arg Gly val Leu Lys Arg Asp Phe Gly Phe Asp
130 135 140
ITe Pro Asp Glu val Glu val Arg val Trp Asp Ser Ser Ser Glu Ile
145 150 155. 160
Arg Tyr I1e val Ile Pro Glu Arg Pro Ala Gly Thr Asp Gly Trp Ser
165 170 175
Glu Glu Glu Leu Thr Lys Leu val Ser Arg Asp Ser Met Ile Gly val
180 185 196
Sser Asn Ala Leu Thr Pro GIn Glu val Ile val
195 200

<210> 7

<211> 180
<212> PRT
<213> uUnknown

<220>
<223> Uncultured bacterium sP1

<220<
<221> PEPTIDE
<222> (1)...{180)
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Asn Pro Tyr Asn Thr Leu lle Leu val Asn Asp Lys Gly Glu lle Val 115120125 Gin Lys Tyr Arg Lys lle
Leu Pro Trp Cys Pro lle Glu cys Trp Tyr 130135140 Pro Gly Asp Lys Thr Tyr Val Val Asp Gly Pro Lys
Gly Leu Lys Val 145 150 155 160 Ser Leu lle lle Cys Asp Asp Gly Asn Tyr Pro Glu lle Trp Arg Asp
165170175 cys Ala Met Arg Gly Ala Glu L3 keovaldurgCys Gln Gly Tyr Met 180185190 Tyr Pro Ala
LysZZhr GileGinswemiat e/ ar Ly &l ise A& Trp 195200205 Ala Asn Gin Cys Tyr Val Ala val Ala
Aspyha Thr Gly Phe Asp Gly 210215220 Val Tyr Ser Tyr Phe Gly His Ser Ser lle lle Gly 'he Asp Gly
Hlm&'ZSEBOQBBm& T LearGlysGIty@y@GlZlGllI QIU&@JUAAQnA@Q/ Theu Gim Tyr Ala Gin 245250255 Leu

Se Arg Lys TYERSA GinSer In 270.Asn Gin Leu Phe Lys Leu
Leé %rg {E/Agefggﬁg P@ Ajzeg 75 80§u85 ser g\y ggg Gly Asgal\_ys Gly Val Ala Glu Cys Pro
PHeaGIasrphemyvazb()@steo rys mrw&w&mﬁ Asp P@Twygﬂ_%wa@m Glu Asn val Glu Lys

30@%%@%@9 val val Ala L)S/S Ser Trp val Asp Ego Glu Tyr Arg Lys
5 .
Trp Leu Glu G1u-Asp Ala Thr Ala ala Met Ala Ser Leu Gly Tyr Ala
65 70 75 80
Gly Glu &1n Ala His His val val val Cys Thr Leu Cys Ser Sgs Tyr
85 90
Pro Trp Pro val Leu Gly Leu Pro Pro Ala Trp Tyr Lys Ser Met Glu
100 105 110
Tyr Arg Ser Arg val val Ala Asp Pro Arg Gly val Leu Lys Arg Asp
115 120 125
phe Gly Phe Asp Ile Pro Asp Glu val Glu val Arg val Trp Asp Ser
130 135 140
ser Ser Glu Ile Arg Tyr Ile val Ile Pro Glu Arg Pro Ala Gly Thr
145 - 150 155 160
Asp Gly Trp Ser Glu Glu Glu Leu Thr Lys Leu val Ser Arg Asp Ser
165 170 175
Ile ITe Gly val
180

<210> 8

<211> 345

<212> PRT

<213> Rhodococcus rhodochrous

<400> 8
Met Arg His Gly Agp Ile ser Ser Ser Pro Asp Thr val Gly ¥§1 Ala
1 10
val val Asn ;yr Lys Met Pro Arg Egu His Thr Lys Ala égp val Leu
0
Glu Asn Ala Arg Ala Ile Ala 255 met val val Gly Met Lys Ala Gly
35 45
Leu Pro Gly Met Asp Leu val val phe Pro Glu *é)ér Ser Thr Met Gly
50 55
ITe Met Tyr Asp Ash Asp Glu Met Tyr Ala Thr Ala Ala Thr Ile Pro
65 70 75 80
Gly Asp Glu Thr Asp Ile Phe Ala GIn gg)a Cys Arg Asp Ala Lys Thr
85 95 '
Trp Gly val Phe Ser Ile Thr Gly Glu Arg His Glu Asp His Pro Asn
100 105 110
Lys Pro Pro Tyr Asn Thr Leu val Leu ITe Asn Asp GIn Giy Glu Ile
115 120 . 125
val Gin Lys Tyr Arg Lys Ile Leu Pro Trp Thr Pro Ite Glu Gly Trp
130 i35 140
Tyr Pro Gly Gly GIn Thr Tyr val Thr Asp Gly Pro Lys Gly Leu Lys
145 150 155 160
I1e Ser Leu Ile Ile Cys Asp Asp Gly Asn Tyr Pro Glu Ile Trp Arg
165 170 175
Asp Cys Ala Met Lys Gly Ala Glu teu Ile val Arg Pro GIn Gly Tyr
180 185 190
Met Tyr Pro Ser Lys Glu GIn GIn val Leu Met Ala Lys Ala Met Ala
195 200 205
Trp Ala Asn Asn Cys Tyr val Ala val Ala Asn Ala Thr Gly Phe Asp
210 ' 215 220
‘ Page 5



Phe Thr Arg Pro Ser Val Gly vat Ala Ala Cys Pro Val Gly Asp Leu 325330335 Pro Thr Lys <210> 12
<211> 339 <212> PRT <213> Helicobacter pylori <400> 12 Met Arg His Gly Asp lle Ser Ser Ser Pro
Asp Thr Val Gly val Ala 151015 Val val Asn Tyr Lys Met Pro Arg Leu His Thr Lys Asn Glu val Leu
202530 Glu Asn cys Arg Asn lle Ala Lys \fakHecBiyw@ly:)Yal Lys Gin Gly 354045 Leu Pro Gly Leu Asp
Le@we\wé P B GRS &1 Yhii HisSety @5 057%% T viet Tyrhaspsang! ®in Glu Met Phe Asp Thr Ala

iRl FIQ E’ &8u %@9%’91@% 834 y\féiu &l Fr falle Phe Ala Glu Ala Cys Lys
Lys sn Lys Val 8 9P95 Trp G]y val Phe S@steu Thr ly Glu LysHis Glu GIn Ala Lys Lys
Leu Ser Leu Ser Thr ITe Arg Asp Ala Arg Ala Asn Asp GIn Ser
260 265 270
Gln Asn His Leu Phe Lys Leu Leu His Arg Gly Tyr Thr Gly val phe
275 280 285
Ala G6ly Gly Asp Gly Asp Lys Gly val Ala Asp Cys Pro Phe Asp Phe
290 295 300
Tyr Arg Asn Trp val Asn Asp Ala Glu Ala Thr Gln Lys Ala val Glu
305 310 315 320
Ala ITe Thr arg Glu Thr Ile Gly val Ala Asp Cys Pro val Tyr Asp
325 330 335
Leu Pro Ser Glu Lys Thr Met Asp Ala
340 345

<210> 9

<211> 345

<212> PRT

<213> Nocardia farcinica

<400> 9
Met Arg His Gly Agp Ile Ser Ser Ser igo Asp Thr val Gly v%1 Ala
1 1
val val Asn Tyr Lys Met Pro Arg Leu His Thr Lys Ala ggu val Leu
20 25
ASp ASh ggs Arg Arg Ile Ala Agp Met Leu val Gly igt Lys Ser Gly
4 .
Leu Pro Gly Met Asp Leu gg] val Phe Pro Glu g%r ser Thr GIn Gly
50 '
Ile Met Tyr Asp Glu GIn Glu Met Tyr Asp Thr Ala Ala Thr val Pro
65 - 70 75 80
Gly Glu Glu Thr g%a Tle phe Ser Ala géa Cys Arg Glu Ala g;y val
Trp Gly val pPhe ser ITe Thr Gly Glu GIn His Glu Asp His Pro Arg
100 105 110
Lys Pro Pro Tyr Asn Thr Leu val ieu Ile Asp Asp His Gly Glu Ile
115 120 125
val GIn Lys Tyr Arg Lys Ile Leu Pro Trp Cys Pro Ile Glu Gly Trp
130 135 140
Tyr Pro Gly Asp Thr Thr Tyr val Thr Glu Gly Pro Lys Gly Leu Lys
145 150 155 160
tTe Ser Leu ITe val Cys Asp Asp Gly Asn Tyr Pro Glu Ile Trp Arg
165 170 175
Asp Cys Ala Met Lys Gly Ala Glu Leu Ile val Arg Cys GIn Gly Tyr
180 185 190
Met Tyr Pro Ser Lys Asp GlIn Gin val Leu Met Ala Lys Ala Met Ala
195 200 205
Trp Ala Asn Asn Cys Tyr val Ala val Ala Asn Ala Ala Gly Phe Asp
210 215 220
Gly val Tyr ser Tyr Phe Gly His Ser Ala Leu Ile Gly Phe Asp Gly
225 230 235 240
Arg Thr Leu Gly Glu Thr Gly Glu Glu Glu Tyr Gly Ile Gln Tyr Ala
245 250 255
GIn Leu Ser ITe Ser Ala Ile Arg Asp Ala Arg Ala His Asp Gin Ser
260 265 270
G1ln Asn His Leu Phe Lys Leu Leu His Arg Gly Tyr Ser Giy val His
275 280 285
Ala Ala Gly Asp Gly Asp Arg Gly val Ala Asp Cys Pro Phe Glu Phe
290 295 300
Tyr Lys Leu Trp val Thr Asp Ala GIn GlIn Ala Arg Glu Arg val Glu
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100105110 Asn Pro Tyr Asn Thr Leu lle Leu val Asn Asp Lys Gly Glu lle Val 115120125 Gin Lys Tyr
Arg Lys lle Leu Pro Trp Cys Pro lle Glu cys Trp Tyr 130135140 Pro Gly Asp Lys Thr Tyr Val val Asp
Gly Pro Lys Gly Leu Lys Val 145 150 155 160 Ser Leu lle lle Cys Asp Asp Gly Asn Tyr Pro Glu lle Trp
Arg Asp 165170175 Cys Ala Met Arg Gly AlssGdoduen lieyal Arg Cys Gin Gly Tyr met 180185190 Tyr
Pré®®la Lys Glu GIn Gin BéAla llle \ial Lys Ala Mép Ala Trp 195200 053&f Asn GIn cys Tyr Val Ala val
AR Ksrf Ma FhrsR B3R R¥p By & 52&%@358/&??%?& T9r Brie B PAS Ser Ser lle lle Gly Phe Asp
Gly ddisr2852302302d00 Thint ewGly1GlaiGys Gly Glu Glu Glu Asn Gly Leu GIn Tyr Ala Gln 245250255
Leu Ser val GIn #fh lle Arg Asp Ala Ar§4ys Tyr Asp GIn Ser Gln 260265270 Asn GIn Leu Phe Lys Leu
Leu His Arg Gly Tyr Ser Gly Val Phe Ala 275280285 Ser Gly Asp Gly Asp Lys Gly Val Ala Glu Cys Pro
Phe;:%!g Fétgg Tyr 290295300 Lys Thr Trp Val Asn Asp Pro Lys Lys Ala GIn Glu Asn Val Glu Lys

<

<212> PRT _
<213> Pseudomonas aeruginosa

<400> 10 _ '
Met Arg His Gly Asp Ile Ser Ser Ser Asn Asp Thr val Gly {21 Ala
1 5 10
val val Asn Tyr Lys Met Pro Arg Leu His Thr Ala Ala géu val Leu
20 25
Asp Asn Ala Arg Lys Ile Ala Glu Met Ile val Gly Mgt tys Gln Gly
35 40 4
Leu Pro Gly Met Asp Leu §%1 val phe pPro Glu g%r Ser Leu Gln Gly
50 ,
Ite Met Tyr Asp Pro Ala Glu Met Met Glu Thr Ala val Ala 1Ile Pro
65 70 75 80
Gly Glu Glu Thr Glu Ile Phe Ser Arg Sga Cys Arg Lys Ala ggn val
85
Trp Gly val phe Ser Leu Thr Gly Glu Arg His Glu Glu His Pro Arg
100 105 110
Lys Ala Pro Tyr Ash Thr teu val Leu Ile Asp Asn Asn Gly Giu Ile
115 120 125
val Gln Lys Tyr Arg Lys Ile Ile Pro Trp Cys Pro Ile Glu Gly Trp
130 135 140
Tyr Pro Gly Gly GIn Thr Tyr val Ser Glu Gly Pro Lys Gly Met Lys
145 150 155 160
Ile Ser Leu ITe ITe Cys ASp ASp Gly Asn Tyr Pro Glu Ile Trp Arg
165 170 . 175
Asp Cys Ala Met Lys Gly Ala Glu Leu Ile val Arg Cys Gln Gly Tyr
180 185 190
Met Tyr Pro Ala Lys Asp Gln Gln val Met Met Ala Lys Ala Met Ala
195 200 205
Trp Ala Asn Asn Cys Tyr val Ala val Ala Asn Ala Ala Gly Phe Asp
210 215 220
Gly val Tyr Ser Tyr Phe Gly His Ser Ala Ile Ile Gly Phe Asp Gly
225 230 235 240
Arg Thr Leu Gly Glu Cys Gly Glu Glu Glu Met Gly Ile Gin Tyr Ala
245 250 253
Gln Leu Ser Leu Ser GIn ITe Arg Asp Ala Arg Ala Asn Asp Gln Ser
260 265 270
Gln Asn His Leu Phe Lys Ile Leu His Arg Gly Tyr Ser Gly Leu Gln
275 280 285
Ala ser Gly Asp Gly Asp Arg Gly Leu Ala Glu Cys Pro Phe Giu Phe
290 295 300
Tyr Arg Thr Trp val Thr Asp Ala Glu Lys Ala Arg Glu Asn val Glu
305 310 315 320
Arg Leu Thr Arg Ser Thr Thr Gly val Ala Gln Cys Pro val Gly Arg
325 - 330 335
Leu Pro Tyr Glu Gly Leu Glu Lys Glu Ala
340 345

<210> 11
<21l> 339
<212> PRT
<213> Helicobacter pylori
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305310315320 lle Thr Arg Pro Ser val Gly Val Ala Ala Cys Pro Val Gly Asp Leu 325330335 Pro Thr
Lys <210> 13 <211> 346 <212> PRT <213> Pseudomonas aeruginosa <400> 13 met Arg His Gly Asp
lle Ser Ser Ser Asn Asp Thr Val Gly Val Ala 151015 val val Asn Tyr Lys Met Pro Arg Leu His Thr Ala
Ala Glu Val Leu 202530 Asp Asn Ala Arg 13ssHiecAl@AspxMet lle Val Gly Met Lys Gin Gly 354045 Leu
Pro %Iél\gt Asp Leu Val Val Phe Pro Glu Tyr Ser Leu GIn Gly 505560 Ile Met Tyr Asp Pro Ala Glu

t!"

LS ST TtheAla Gl fa e Prees5<st0 75-§0Gly-Glu Glu Ehy Gl ligiRhe Ser Arg Ala Cys Arg Lys
AlaiAsn Val 859095 Tip Gly val Phe Ser LewThr Gly Glu Arg His Glu Glu His Pro Arg 100105110 Lys
Alﬁqﬂrd’ﬂ/ﬁ%n; Fir B8 NAH FEQ IfF ASEASH A GIPEIAIR gé‘?’)l‘?dli‘ﬁ"\/al GIn Lys Tyr Arg Lys lle lle

Pratlrp sy fontie @in GheTia L)és val Ile Gly Gly ‘\égﬂ Lys Gln Gly
35 4
Leu Pgo Gly Leu Asp Leu §§e Ile Phe Pro Glu g%r Ser Thr His Gly
5
Ile Met Tyr Asp Arg GIn Glu Met Phe Asp Thr Ala Ala Ser val Pro
65 70 75 80
Gly Glu Glu Thr Ala Ile Leu Ala Glu géa Cys Lys Lys Asn S%S val
85
Trp Gly val phe Ser Leu Thr Gly Glu Lys His Glu GIn Ala Lys Lys
100 105 110
Asn Pro Tyr Asn Thr Leu Ile Leu val Asn Asp Lys Gly Glu Ile val
115 120 125
Gln Lys Tyr Arg Lys Ile Leu Pro Trp Cys Pro Ile Glu Cys Trp Tyr
130 135 140
Pro Gly Asp Lys Thr Tyr val val Asp Gly Pro Lys Gly Leu Lys val
145 150 155 1660
Ser Leu Ile ITe Cys Asp Asp Gly Asn Tyr Pro Glu Ile Trp Arg Asp
165 170 175
cys Ala Met Arg Gly Ala Glu Leu ITe val Arg Cys GIn Gly Tyr Met
180 185 190
Tyr Pro Ala Lys Glu G1n GIn Ile Ala Ile val Lys Ala Met Ala Trp
195 200 205 _
Ala Asn GIn Cys Tyr val Ala val Aala Asn Ala Thr Gly Phe Asp Gly
210 215 220
val Tyr Ser Tyr Phe Gly His Ser Ser Ile Ile Gly Phe Asp Gly His
225 230 235 240
Thr teu Gly Glu Cys Gly Glu Glu Glu Asn Gly teu GIn Tyr Ala Gln
245 : 250 255
Leu Ser val GIn GIn Ile Arg Asp Ala Arg Lys Tyr Asp GIn Ser Gin
260 265 270
Asn Gln Leu Phe Lys Leu Leu His Arg Gly Tyr Ser Gly val Phe Ala
275 280 285
ser Gly Asp Gly Asp Lys Gly val Ala Glu Cys Pro Phe Glu Phe Tyr
280 295 300
Lys Thr Trp val Asn Asp Pro Lys Lys Ala GIn Glu Asn val Glu Lys
305 310 315 320
phe Thr Arg Pro Ser val Gly val Ala Ala Cys Pro val Gly Asp Leu
325 330 335
Pro Thr Lys

<210> 12

<211> 339

<212> PRT

<213> Helicobacter pylori

<400> 12
Met Arg His Gly Asp Ile Ser Ser Ser Pro Asp Thr val Gly val Ala
1 5 10 15
val val Asn Tyr Lys Met Pro Arg Leu His Thr Lys Asn Glu val Leu
20

Glu Asn Cys Arg Asn Ile Ala Lys val Ile Gly Gly Xg? Lys GlIn Gly
35 40
Leu PBO Gly Leu Asp Leu Ile Ile Phe Pro Glu T%r Ser Thr His Gly
5 55 6
Ile Met Tyr Asp Arg GlIn Glu Met Phe Asp Thr Ala Ala Ser val Pro
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130135140 Tyr Pro Gly Gly GIn Thr Tyr Val Ser Glu Gly Pro Lys Gly Met Lys 145150155160 Page 9
23339004WO0L1.txt lle Ser Leu lle lle Cys Asp Asp Pro Asn Tyr Pro Glu lle Trp Arg 165170175 Asp Cys
Ala Met Lys Gly Ala Glu Leu lle val Arg Cys Gin Gly Tyr 180185190 Met Tyr Pro Ala Lys Asp GIn GIn
Val Met Met Ala Lys Ala Met Ala 195200233 3a@Al@AsxAsn Cys Tyr Val Ala Val Ala Asn Ala Ala Gly

P Asp 210215220 Iyﬁal r Ser. Tyr Phe Gh2His Ser Ala lle lle I% he Asp Gly 225230235240
A:ggé‘}‘hr ‘0 y%'fu g)% Fy-@iﬁ éeh? C%llﬁuul\,lgta G sII(;E éin%r '%5%1 é%gz 1255 Gin Leo Ser Leo Ser Gin
lleTApg Asp valh Ah% Aler Astu ABr GithySel 26026827 -BInGAsnAHis Le® PYe Lys lle Leo His Arg Gly Tyr

P 0 1
Ser Gl 1. GiM2r52R0285 AlRseL SHASRRIX ASR A GGV AR Gly Cys Pro Phe Glu Phe
290295300115 120 125
GIn Lys Tyr Arg Lys Ile Leu Pro Trp Cys Pro Ile Glu Cys Trp Tyr
130 135 140
pro Gly Asp Lys Thr Tyr val val Asp Gly Pro Lys Gly Leu Lys val
145 150 155 160
Ser Leu Ile Ile Cys Asp Asp Gly Asn Tyr Pro Glu Ile Trp Arg Asp
165 170 175
Ccys Ala Met Arg Gly Ala Glu Leu Ile val Arg Cys Gin Gly Tyr Met
180 185 190
Tyr Pro Ala Lys Glu GIn GIn Ile Ala Ile val Lys Ala Met Ala Trp
195 200 205
Ala asn GlIn Cys Tyr val Ala val Ala Asn Ala Thr Gly Phe Asp Gly
210 215 220
val Tyr Ser Tyr Phe Gly His Ser Ser Ile Ile Gly Phe Asp Gly His
225 230 235 240
Thr teu Gly Glu Cys Gly Glu Glu Glu Asn Gly Leu Glin Tyr Ala Gin
245 : 250 255
Leu Ser val GIn GIn Ile Arg Asp Ala Arg Lys Tyr Asp GlIn Ser Gln
260 265 270
Asn GIn Leu Phe Lys Leu Leu His Arg Gly Tyr Ser Gly val Phe Ala
275 280 285
ser Gly Asp Gly Asp Lys Gly val Ala Glu Cys Pro Phe Glu Phe Tyr
290 295 300
Lys Thr Trp val Asn Asp Pro Lys Lys Ala GIn Glu Asn val Glu Lys
305 310 315 320
Ile Thr arg Pro Ser val Gly val Ala Ala Cys Pro val Gly Asp Leu
: 325 330 335
Pro Thr Lys

<210> 13

<211> 346

<212> PRT

<213> Pseudomonas aeruginosa

<400> 13 '
Met Arg His Gly Asp Ile Ser Ser Ser Asn Asp Thr val Gly val Ala
1 5 10 15
val val Asn Tyr Lys mMet Pro Arg Lgu His Thr Ala Ala ggu val Leu
20 2 '
Asp Asn Ala Arg Lys Ile Ala Aap et ITe val Gly ﬁﬁt Lys GIn Gly
35 4
Leu Pro Gly Met Asp Leu val val phe Pro Glu Tyr Ser Leu GIn Gly
50 55 60
Ile Met Tyr Asp Pro Ala Glu Met Met Glu Thr Ala val Ala Ile Pro
65 70 75 80
Gly Glu Glu Thr Glu Ile Phe Ser Arg 31a Cys Arg Lys Ala ggn val
85 0
Trp Gly val phe Ser Leu Thr Gly Glu Arg His Glu Glu His Pro Arg
100 105 110 '
Lys Ala Pro Tyr Asn Thr Leu val Leu Ile Asp Asn Asn Gly Glu Ile
115 120 125
val GIn Lys Tyr Arg Lys Ile Ile Pro Trp Cys Pro Ile Glu Gly Trp
130 135 140
Tyr Pro Gly Gly GIn Thr Tyr val Ser Glu Gly Pro Lys Gly Met Lys
145 150 155 160
. Page 9



Tyr Arg Thr Trp val Thr Asp Ala Glu Lys Ala Arg Asp Asn val Glu 305310315320 Arg Leu Thr Arg Ser
Thr Thr Gly Val Ala Gin Cys Pro Val Gly Arg 325330335 Leo. Pro Tyr Glu Gly Leo Glu Lys
Glu Ala 340345

23339004wo1l. txt
Ile Ser Leu Ile Ile Cys Asp Asp Pro Asn Tyr Pro Glu Ile Trp Arg
165 170 175
Asp Cys Ala Met Lys Gly Ala Glu Leu Ile val Arg Cys Gin Gly Tyr
' 180 185 120
Met Tyr Pro Ala Lys Asp Gin GIn val Met Met Ala Lys Ala Met Ala
195 200 205
Trp Ala Asn Asn Cys Tyr val Ala val Ala Asn Ala Ala Gly Phe Asp
210 215 220
Gly val Tyr Ser Tyr Phe Gly His ser Ala Ile Ile Gly Phe Asp Gly
225 230 235 240
Arg Thr teu Gly Glu Cys Gly Glu Glu Glu Met Gly Ile GIn Tyr Ala
245 250 255
GIln Leu Ser Leu Ser GIn Ile Arg Asp Ala Arg Ala Asn Asp GlIn Ser
260 265 270
GIn Asn His Leu Phe Lys Ile Leu His Arg Gly Tyr Ser Gly Leu GlIn
275 280 : 285
Ala Ser Gly Asp Gly Asp Arg Gly Leu Ala Glu Cys Pro Phe Glu Phe
290 295 300
Tyr Arg Thr Trp val Thr Asp Ala Glu Lys Ala Arg Asp Asn val Glu
305 310 315 320
Arg Leu Thr Arg Ser Thr Thr Gly val Ala Gln Cys Pro val Gly Arg
325 330 335
Leu.Pro Tyr Glu Gly Leu Glu Lys Glu Ala
340 345
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