BIOLOGICAL-BASED CATALYST TO DELAY PLANT DEVELOPMENT PROCESSES FIELD OF THE
INVENTION The present invention relates to methods for delaying a plant development comprising
exposing a plant or plant part to one or more bacteria or enzymes. Apparatuses for 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, thought, and
pathogen infection. 10 Increased ethylene production also is observed during a variety of plant
development processes, including fruit or vegetable ripening, seed germination, leaf abscission, and

flower senescence.  Hrthylenesbiosysrbesia i pants bEypivaiystemeedlaeMERNzymatic scheme
involving three enzymes, traditionally referred tos,thess@ng Cycle,” in which S- 15
adenosyl-L-methionine (SAM) synthase catalyzes conversion of methionine to 5-
adenosyl-L-methionine (AdoMet); 1-aminocyclopropture-1 -carboxylic acid (ACC) synthase catalyzes
the conversion of AdoMet to ACC; and ACEERIGESHEABNZESe conversion of ACC to ethylene and

the byproducts carbon dioxideand: hvdragerisyapidenSrefaciexanplen Seivagiava (2001) Plant

Growth and Developmeql, 40 omonss,#d Ry BRNL (hsAdamiGRress,hew York) for a genera
description of ethylenemglosynt esis in plants and plant development processes regulated by ethylene.
gﬁ“gg‘il
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Previous research hASRIEHBIAtr e e sl R PSS GERTY, at least in part, by a

sudden and significant increase in ethylene biosynthesis. 25 Although a sudden burst of ethylene
production is implicated in the fruit rip@piogtocass of thpastazicrioms, the exact mechanism,

particularly in nonclmactegi 1, 5,0p).RMRIRIGN R RESia0tkE, el o Sudden burst of
C

ethylene production in non-climacteric fruit, non-glimact%rﬁlic fruit will rgslpoiqld to egi;&ene. Moreover,
fruits, vegetables, arfttBHIEPHRHTISHERE FSRAREHEEITSURE SPRERURR S tormones (o8-

auxin), anaerobic conditions, chilling, heat, drought, and pathogen infection.

10 Increased ethylene production also is observed during a variety of plant development
processes, including fuit or vegetable ripening, seed germination, leaf abscigsion, and
flower senescence. )

Ethylene biosynthesis in plants is typically depicted as an enzymatic scheme
involving three enzymes, traditionally referred to as the “Yang Cycle,” in which S-

15  adenosyl-L-methionine (SAM) synthase catalyzes conversion of methionine to 5-
adenosyl-L-methionine (AdoMet); 1-aminocyclopropane-1-carboxylic acid (ACC)
synthase catalyzes the conversion of AdoMet to ACC; and ACC oxidase catalyzes the
cﬁnversion of ACC to ethylene and the byproducts carbon dioxide and hydrogen
cyanide. See, for example, Srivastava (2001) Plant Growth and Development:

20  Hormones and Environment (Academic Press, New Yosk) for a general description qf
e;thylene biosynthesis in plants and p_Iaut development processes regulated by
ethylene.

Previous research has éstablishcd that in climacteric fiuit ripening is triggered,
at least in part, by a sudden and significant increase in ethylene biosynthesis.

25  Although a sudden burst of ethylene production is implicated in the fruit ripening .
process of climacteric fruits, the exact mechanism, particularly in nonclimacteric
fruits, is not completely understood. While there is no sudden burst of sthylene
production in nén-climacteric fruit, non-climacteric fruit will respond to ethylene.

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



synthesized and also in the sensitivity of the particular product to ethylene. For example, apples exhibit
a high level of ethylene production and ethylene sensitivity, whereas artichokes display a low level of
ethylene biosynthesis and ethylene sensitivity. See, for example, Cantwell (2001) "Properties and
Recommended 5 Conditions for Storage of Fresh Fruits and Vegetables" at
postharvestmcdavis.edu/Produce/Storage/index.sifteal (last accessed on March 6, 2007), which is
herein incorporated by reference in its entirety. Fruit ripening typically results in a change in color,
softening of the pericarp, and changes in the sugar content and flavor of the fruit. While ripening
initially makes fruit more edible 10and attractive to eat, the process eventually leads to degradation
and deterioration of frmiberirafitydmiskim thatsenstictr pidisleefirdonsuimp tiosihiésadifgrto significant
commercial monetanylgshesy o oitaliof tha Hpgoingpecesisidesikohigfas ispmuing shelf-life and

extending the time ay cij;%ll:)‘;le lgﬁoiigeasng%%%qg\gl 6%95@9&@&%@%&%@%&%&@er agricultural products

subject to ripening. 15In addition to a sudden increase In ethyléne biosyntheésis in climacteric fruits,

ripening-related chafgediure Srecfy3arpitecruitr £ALR ihreepiratmResreeadtis produced as a
consequence of fespivadiomminidrditragegé BatsleBranddifreetpblnt products and, consequently, impacts
the shelf-life and thergguived stawage.erbaitone fe.niseliger ativn)teithasacansmodities. Plant

products with higher s of respiration 20(e. .. artichokes, cut flowers, asparagus, broccoli, spinach,
etc.) exhibit shorter s%%tﬁiﬁvéﬂ’g ltsh%égrne%lgg%r}?vgvﬁ%ﬁqg rg?cfgnésgiratlics)ﬁn#é%'s (gf pr?ﬁ%s% dates, apples, citrus
fruits, grapes, etc.). RSO SarERmei bR aHBRe 8f &ﬁ\ﬂ%‘fﬁ‘ﬁiﬁ%‘fﬁ‘ﬂ%ﬂé‘ & luding
temperature, atmosphgticoosmpasitiony qSidysicil Steksivkight chelhicskstgsaelfdiidn, water stress,
growth regulatogg, anghpatheesn allaskpideadicuiary Raiepesaliielay ss-sigidicant role in
respiration rate. For a general description of iratory metabolism and recommended controlled
atmospheric conditiognls]% “ﬁsfr%ﬂ%%%%%%ﬁ%cgé gﬁ%ﬁétchgrﬁ%ntnbr%a ﬁlgtg slée f(g]rl_ example, Kader (2001)
Postharvest HorticuIﬁ%‘@éﬁb@%ﬁ?ﬂ‘ﬁ?%%’wﬁm?ﬁ?ﬁ”d‘f@é‘?ﬂ?ffﬁfé@ﬁ%ﬂﬂg?f Saltveit (University of
California - Davis) "Respiratoiy:Mitatod ksmidat 80 tisnarubtdde do(lBeIoLor sistseation. pdf (last
accessed on March 6, 20Q:40): 2R &2atwelk(E0QdudreprEuiesasgddgecommended Conditions for
Storage of FresEISFrwts a )ngﬁi%tatgIeﬁ%ﬁ‘én%?&@@s%%%ﬁlﬂ@%@ﬁq}yﬁsG‘B«QH&%@PE@&%E'”deX'Shtml (last

accessed on Maich 6, 20 of which are herein incorporated by reference in their entirety.
ripening-related changes are also associated with & rise in respiration rate. Heat is

produced as a consequence of respiration in fruit, vegetables, and other plant products
and, consequently, impacts the shelf-life and the required storage conditions (e.g.,
refrigeration) for these commodities. Plant pro.ducts with higher rates of respiration
20 (e.g., artichokes, cut flowers, asparagus, broccoli, spinach, etc.) exhibit shorter shelf-
lives than those with lower respiration rates (e.g., nuts, dates, apples, citrus fruits,
érapes, otc.). Respiration is affected by a mumber of environmental factors including
temperatuze, atmospheric composition, physical stress, light, cheaical stress,
radiation, water stress, growth regulatoss, mxd pathogen attack. In particular,

25  temperature plays a significant role in féspiraiion 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 — Davis);
Saltveit (University of California — Davis) “Respiratory Metabolism” at

30  usna.usda.gov/hb66/019respiration.pdf (last accessed 611 March 6, 2007); and

| Cantwell (2001) “Properties and Recommended Conditions for Storage of Fresh

Fruits and Vegetables™ at postharvest.uadavis.edu/Produce/Stor&ge/index.shiml (last



Methods and compositions for delaying the fruit ripening process include, for example, the application
of silver salts (e.g., silver thMsulfate), 2,5-norbornadiene, 5 potassium permanganate,
1-methylcyclopropene (1-MCI'), cyclopropene (CP) and derivatives thereof These compounds have
significant disadvantages, such as the presence of heavy metals, foul odors, and explosive properties
when compressed, that make them unacceptable for or of limited applicability for use in the food
industry. Transgenic approaches for controlling ethylene production to delay plant development 10
processes (e.g., fruit ripening) by introducing nucleic acid sequences that limit ethylene production,
particularly by reducing the expression of the enzymes ACC synthase or ACC oxides; are also under
investigation. The publigedespansesiaune)) etliceHyith edifiediagtaytitirel wproduetse hawsver, has not
been entirely favora%@sgcordingly, a significant need remains in the art for safe methods and 15
apparatuses to delay plant development processes. Such methods and apparatuses.could provide
better control of fruit ripeni%ﬁfb%sgﬂé‘f%\%ﬁ%pﬁsp%%%féf %Eﬁ%nrgsﬂé%%é%gﬁ%né?%’é?cg Ss%?g‘lgll%rg?rand seed
germination and extefieiie bhetplitation obriGersds ot fiver Frosiie) (&-JuotPairadiEsetables, and cut
flowers), therebysperpoiitingd pagerisiancadiansropiajian OFMEysopriopiugtaayithoutithe need for

refrigeration, increasjag, pEOdYEL 20 %@é@ﬁiﬂ%&%&ﬂmwgﬁfﬁa@ma%&fﬁgéi@gcmwary costs
associated with product loss due to untimel rlpenln(gﬁand senescence, BRIEF SUV[YIMARY OF THE

INVENTION MethodB Pt B8R 2ot oS i e S e SR IRy BIPISSetintitsd 25to fruit
ripening, vegetable ripdnihen floweptelidecsné EmiptprebabbsEiSsion il MeVBEThe methods of
the present inventionyggaesal i, GonsReE 56 exaoBing:fkant-ompiil ipad-dophnedordnarendacteria in a
quantity sufficient to delay. the plantdevelopmentarese s RligisslulR-cesiaiaspects of the

invention, the bacteria are selected from the lgrougéconstlt?tigggof Rhog%%occus SRP: Pseudomonas
&Y B PRSP

chloroaphis, 30 BreviJH SR REIBIRRARHE W0 ixtUres thereof 1he bactena used in the

practice of the presemmwﬁm%@,fﬂﬂﬁé?@m@d%ﬂ%ﬁﬁﬁ it ehticAderershluding for example
asparagine, glutaming,&ehalimtigad agshmbdlsradhe teek: o, inducchtae ability fdhelbacteria to delay

a plant development procegs OfItereStyyin I g-RIeSR DY BRUAR{UIRSLAIFRS apparatuses for
delaying a plant development process comprising a catalgsstéhg} cotrggoagignef one toilrﬂrpore of bacteria, 5

particularly RhodbcoBBiE e  SEay HEth SH S S B aphie: Bit eftum Retogiutamtcum, or a

rEVibac
mixture thereof. Any @pldaratids tydeseriteidusoipariub i egpibis ipening, flower senescence,

lenf abscission, and seed germination and extend the shelf-life of various agricultural

products (e.g., fruit, vegetables, and cut flowers), thereby permitting longer distance

trapsportation of these products wilhout the need for refrigeration, increasing product
20  desirability to consumers, and decreasing monetary costs associated with product loss

due to untimely Tipening and senescence.

BRIEF SUMMARY OF THE INVENTION
Mothods for delaying a plant development process, including but not limited

25  to fruit ripening, vegetable ripening, flower senescence, and leaf abscission, are

provided. The methods of the present invention generally comprise exposing a plant

or plant part to one or more bacteria in a quantity sufficient to delay the plant

develc.npmant process of interest. In certain aspects of the invention, the bacteria are

selected from the group consisting of Rhodococcus spp., Pseudomonas chloroaphis,
30 Brevibacterium ketoghutamicum, and mixtures thereof. The bacteria used in the

practice of the present methods may be further treated with an inducing agent,



or plant part to the catalyst and delays the plant development process of interest is encompassed by
the present invention. Exemplary apparatuses include those in which the catalyst is immobilized in a
matrix and placed in, placed on, or otherwise affixed 10to any physical structure. Various
configurations of the disclosed apparatuses are envisioned and described in greater detail herein
below. The methods and apparatuses of the invention for delaying a plant development process find
particular use in increasing shelf-life and facilitating longer-distance transportation of plant products
such as fruits, vegetables, and flowers, improving consumer product 15satisfaction, and reducing
product loss resulting from untimely ripening or senescence. BRMF DESCRIPTION OF THE
DRAWINGS = Havingdthus:desapibeshiheiiayvegntiand roencuaenns;nefer ercefinl now be 20 made
to the accompanyingimm%mgmm@@a@; D96aF Y SapdeseRie-andinharein:  FIG. |
shows a non-limiting depicgjon of a threet_-la)ée_r apgar%t%s for rgtarg%% eLjrluit riapinipg. The outer layers
(designated A and B) providé B SP St gHEy B the apBaratis. ‘The catdyst 1ayer, as defined herein
below, comprises onéctRlommens BpEss GompsiFigACaabt it AABRRRSH %A 8 5B P ween the outer
layers. FIG. 2A-Gptaukde ndn-tisniti g (Ppictionsotilariopsappaliaitueesfor retarding fruit

ripening; These apPaIANISES CHMISEAGRIANSE IYS . BRAA FAOSE AN IS dRiendegiia provide
structural integrity, and one or more layers in %ﬂdeﬂqct%gﬁig%e ooﬁ%gtsgg%sgoﬁﬁ%g&tlhe apparatus,
Removal of one or mBr BrHEEL Y er < Ay 30 101 éxample, expose an adhesive for attachment of

the apparatus to anothreppes Gyt Riestdv s, Bruptigeu amer e trdpiehish of an
apparatus for retarding §suit+i pamincbi e appatdiusdcometisesladatalysttimmishfified on a layer of film

and attached to Ph%ﬂﬁﬂﬂﬁ%@& vaibesuilahledobsiv asgiiansparialionsf fruit). FIG. 4
provides a non-llmltlrégﬁs%gé%%gg d%gc%ga%%?garzgwr%ggl B%}Q&dé@lg‘{rru&e methods and ‘ _
apparatuses of the invention for delaying a plant development process find particular
nse in increasing shelf-life and facilitating longer_—distance transportation-of plant
products such as fruits, vegetables, and flowers, improving consumer projduct
15  satisfaction, and reducing product loss resulting from untimely ripening or

Sencscence.

BRIEF DESCRIPTION OF THE DRAWINGS
Having thus describéd the invention in general terms, reference will now be
20  made to the accompanying drawings, which are not necessarily drawn to scale, aqd
wherein:

FIG. 1 shows & non-Jimiting 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 dofined herein below, comprises one or more of

25 the enzymes of the invention and is located between the outer layers.

FIG. 2A-C provides 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 moze of these layers may,

30  for example, expose an adbesive for attachunent of the apparatus to another physical
stracture.



5 ripening, The apparatus comprises a slotted chamber structure that permits the insertion and
replacement of one or more catalyst module elements, as defined below. The outer layers of the
physical structure may be composed of a material that permits air to flow into the catalyst,
10DETAILED DESCRIPTION OF THE INVENTION The present inventions now will be described
more fully hereinafter with reference to specific embodiments of the invention and particularly to the
various drawings provided herewith. Indeed, the invention may be embodied in many different forms
and should not be construed as limited to the embodiments set forth 15herein; rather, these
embodiments are provided so that this disclosure will satisfy applicable legal requirements. As used in
the specification, and in thE@ppardeaaiaims-thdtsndmicticforfite dppartitay'fot tewtdiFciude plural
referents unless the gaiext leasidisiatapaiherwiag: Thioughertthespesification the word
“comprising,” or graminalical 20 atpions hereol WILRE HNARLEIAAA R TRk S pglysion of a stated
element, integer or s?ep, or group of element ﬁ'htege_rs_ or steps, but not the exclusion of any other
clement, integer or step, oP§rémrofeammsriatintcird By daperaratepdar sadivg Miention provides
methods for delayingigeplantitexelopmentpiosesdtidntendst comiprshppesposhtg a plant or plant part
to one or more bactegia. 22 IRiticHaiemhodinas s dha MetbossRiRsHauvnde dataying a plant.

development procesg,com r'ésiglf O%%o%irg% ?g s|%I1§1¢nt or | %I,abrét cp}ag)tﬂtsg L0R€ ormo %Q%g{;gﬂg selected from
the group consisting q?elﬁ?'no gcoccus gpf)., seudomonas chrf‘oroap?wls, Brevibacteriutn
ketoglutamicum, an&ﬁﬁkﬂﬂ?é@‘ﬂié?éﬁ@ﬁﬂwerein the one or more bacteria are exposed to the plant or
plant part in a quantity sufficient to delay the plant 30 development process. Apparatuses for delaying

a plant development process of igigiest aphbigcpiactisinorhemethessidsescribed herein are further
prqvided. The inyen_tive m mo%ig%{‘gv%ﬁ’t%%%%“@%ﬁl%% %&i&\éﬁ%@@ﬁ?ﬁ d 8 Wsed, for example, to delay
fruit/vegetable ripening or OWer senescence and to Increase the shelf-life of _
reference to specific embodiments of the invention and particularly to the various
drawings provided herewith. Indeed, the invention may be embodied in many
different forms and should not be construed as limited to the embodiments set forth
15  herein; rather, these embodimenis are provided so that this displosure will satisfy
applicable legal requirements. As used in the specification, and ix the appended
claims, the singular forms “a”, “an”, “the”, include plural referents unless the context
clearly dictates otherwise.
Throughowt the specification the word “comprising,” or grammatical
20  variations thereof, will be anderstood to imply the inclusion of a stated element,
integer or step, or group of elements, integers or steps, but not the exclusion of any
other element, integer ot step, or group of elements, integers or steps.
The present invention provides methods for delaying a plant development
process of interest comprising exposing a plant or plant part to one or more bacteria.
25 Inparticular cmBodimems,_ the methods are drawn to delaying a plant development
process comprising exposing a plant or plant part to one or more bacteria selected
from the group consisting of Rhodococcus spp., Pseudomonas chloroaphis,
Brevibacterium ketoglutamicum, sud mixtures thereof, wherein the one or more
bacteria are exposed to the plant or plant part in a guantity sufficient to delay the plant
30  development process. Apparatuses for délaying a plant development process of
interest and for practicing the methods described herein are further provided. The

inventive methods and apparatuses of the invention may be used, for example, to



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 Splants and any
part of a plant, including but not limited to fruit, vegetables, flowers, seeds, leaves, nuts, embryos,
pollen, ovules, branches, kernels, ears, cobs, husks, stalks, roots, root tips, anthers, and the like. In
particular embodiments, the plant part is a fruit, vegetable, or flower. In certain aspects of the
invention, the plant part is a fruit, more particularly a climacteric fruit, as described in more detail
below. 10 The methods and apparatuses of the invention are directed to delaying a plant development
process, such as a plant development process generally associated with increased ethylene
biosynthesis. "Plant devefopimestidrotesst is fitermdedssnread wigerowith Belddiietdpment procesof a
plant or plant part, ingluding-Ruikdet fiswitadie-dryitHpanigr-vagekable fipening, fiaver senescence, leaf
abscission, seed 15 %%{qeggaypsgéha%d ghg)&ﬁ% . In particular embodiments, the plant development
process of interest is fruit or ve etd le ripening, flower senescence, or leaf abscission, more
particularly fruit or vegetalfhé ¥ (R Rg’&‘eﬁﬁéﬂ"ﬁté nisRrardli SeiacRIg At g disent process,” and
grammatical variantsiherecf argfersofe pirmt, stolwiig, ivtrert iptieh tosiph reggidiss dlovitivition of the plant
development process.gfinareshiy, obthe RheaotyRie ar-genalyRis-anangesioniesplant or plant part
pically associated Wity ine, goecilic,PlaL deya RRMENLAIACES: ESLAAMP IR gD he plant

development process 0 nterest1s rﬂﬁnrlpenlng, a delay In fruit ripening ma){ include inhibition of the
changes generally adsbEHideesrbleREPENIMPHIHTE AR @ Y De S rEna iy T#ENRG of pericarp (i.e.,
ovary wall), increasesuit, siugarconitelyt dhentges il 5fldssoribgbinaratedietytbitition/deterioration of the
fruit, and eventug) decreasag ipthadasimhiliteef shedmitiacansuress asdasgepadiabove). One of

skill in the art will appreciate that the length of time reguired for fruit ripaning 1o occufwill vary
depending on, for ex%‘ﬁ%‘i@?‘fﬁ%ﬁ@%@s’gfl ?rguaff %ﬁlanr?r%vgpecﬁic 1étct‘t)craggee c_ongitionsautilized (e.qg.,

temperature, humiditieispesfsniyiete yio i g TR B 46T PR HS B8 nstitute a delay of
1 to 90 days, particulahyrivta: shidaysmmoreoparidalpinn & Weaehyesinlistivdsofdinissessing a delay in
a plant development progess.sHehasdiwtinaningwesatabiacspanig. fawakaenescence, and leaf
abscission are well within, e routine apanllies of dhasg.lerdinantlbin i qrhand may be based

on, for example, conﬁaarlson Ifba% ant e've%’pment processes in untre%}ﬁg} plants or Plant parts. In
T S
r

certain aspects of thelarris Ry FRi gl SHITRSIReBro R L&  BEERIY S the practice of
the present methodsmayheyFatsessgthiilstivenn datidirthprimtidrptantiaits or to plants or plant

parts that have development process,” and grammatical variants thereof, refers to any slowing,
intersuption, 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 include
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
25 flavor, general degradation/deterioration of the fiwit, and eventual decreases in the
désirability of the fruit to consumers, as described above). One of skill in the art will
appreciate that the length of time required for fruit ripening to ocour will vary
depending on, for example, the type of fruit 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 assessing a delay in a plant development

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



been treated with one or more agents 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 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 ketoglutamicutn, 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. DA®sg66R2ustwaliyRhotorutcesayiitiopdlissorinistture sitiiaralf ams used herein,

exposing a plant or plankRek: tRsene: obeekepef thenbaredasielRdeshuiescteiexample, exposure to
ntact bacterial cells, RRCieIBl R LSRG 2 bacleBl xR aLAPSRRe e RRAAYMatc activil
thods tor ing lys

(i.e., "enzymatic extracts").(l\l/)le [i)reparln ysates and enzymatic extracts from cells, including

bacterial cells, are rotRiFERHTHEHEFHE W@Frﬁ?‘é?@aﬁg&‘gﬂgﬁH?éﬂlfﬁlﬂ%%’é’ﬂ%&s and apparatuses

of the invention nmay @t¢imésibivmoretgertphily refdembphts trdralantsotindattpantdfeat hieaccordance with
the methods of the invgntig.thanane Qunehatiena areREaxpasaddatimplapbasplant part in a

quantity suficient to delay the,plat deyelnmerh plogess, EiRgS AG, BAARLALAAN part to one or

more of the bacteria Of the mvention meclu any methodtor presentirig a bacterium to the plant or

plant part. Indirect m&Hd< Hh e sLPaRTcE AR REPL e e pin R 1RE BHRSA ST SF mixture of
bacteria in the generéhjprmtimityeof thaep it oy ptanpgping (Eest, melirsdhS0dsysobed&yrdn other
embodiments, thg bagigda may be exposed to the plant or plant part via closer or direct contact.

Furthermore, as defined hegein, a “suffiglant GUaRivRlHe. Ons ALagsahRgisHa of the invention will
depend on a variety of )
typically compdse exposing a plant or plant part to one or more of the following

‘bacteria: Rhodocaccus spp., Pseudomonas chloroaphis, Brevibacterium
ketoglutamicum, or a mixture conlaining 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 baclerial extracts that possess
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 and apparatuses of the invention may at times be
more generally referred to herein as the “catalyst.” ‘
Tn accordance with the methads 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 bacterium to the plant or plant
part, Indirect methods of exposure include, for example, placing the bacierium or
mixture of bacteria in the general proximity of the plant or plant part (i.e., indirect
30 exposwe). Inother embodiments, the bacteria may be exposed to the plant or plant
part via closer or direct contact. Furthermore, as defined herein, a “sufficient”

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



factors, including but not limited to, the particular bacteria utilized in the method, the form in which the
bacteria is exposed to the plant or plant part (e.g., as intact bacterial cells, cell lysates, or enzymatic
extracts, as described above), the means by which the bacteria is exposed to the plant or plant part,
and the length of time of exposure. It 5 would be a matter of routine experimentation for the skilled
artisan to determine the "sufficient” quantity of the one or more bacteria necessary to delay the plant
development process of interest.  Although in particular embodiments of the invention the one or
more bacteria are selected from the group consisting of Rhodococcus spp., Pseudomonas 10
chloroaphis, Brevibacterium ketoglutanzicum, any bacterium that delays a plant development process
when exposed to a plattpnglahigiarhedimbel s et pativelpresent nidtlsd dsteededppaiatuses. For

example, bacteria belpnging.ia he.geaiusNegratdis i8fdananesar BleNiARRlicatienaNo. 54-129190],
Rhodococcus [see Japanese Patent Application No. 2-47Q], Rhizobiunz [see Japanese Patent
Application No. 5-23%%‘?&???%%8&?&% |f1§6§tﬁ§§séal§>g%ﬁ1t R%‘gﬁée ti%éﬁtﬁo. @%8@?%%]] eromonas
[Japanese Patent Aptiestisiemediatosly Katas acteriPrissdrddepatemespplitation No. 8-
1546913, Bacillus [Japanese iatent AppkcaticindotBaliB708 2jiRtaeticdonodardidnki@panese Patent

Application No. 8-56484].:Ee4damanas APd:Mycrhaciarum.are hankmilipg:examples of
microorganisms that can be used acc?rdiﬂrrgtto the invention. 20 Not all species within a given genus

may exhibit the sam&%f GB’é’F'ﬁtépsrf’cfﬁSuosf’i’tt IS possible to have a genus generally known to include
strains capable of exhibitidtjtreddieerissivrpeimetie by 1o ias CaqRaHeTI BNt development
process such as, forgxanpe smitd peninghduinh al8oie armane, Spedessthat do not generally exhibit

the desired actiyity. InJight,f the.isgosH eRiavidedhesin ancdhesanasal:3uknowledge in the art,

however, it would be a matter of routine experimentafion for the skilled artisan o carry out an assay to
determine whether &' PATHRTPAH PSR L B2RESEES Ine of Mord of the desired activities.  Further,
specific examples ofriksdrrad refArEcsE oFeli PR h SR ERAT SR IrdEe BUPSFE99ET imited to, Nocardia
sp., Rhodococcus spseRhptdacrernsa3piichtaosh rpus]skieh stetirspcuteroimanes FapntCitrobacter
freundii, Agrobacteriy ﬁggggfgﬁg!ggwﬁg f@@g&;g,giggg iMzatasiedsssantitehacterfiayag, Erwinia
nignfluens, Enterobagler ., SUcplomyces sp., Rhizoum 5., Ahizabim ol Baiggbium
legminosarum, Riaz B0 m[e?f’oﬁ, &and}dgpawﬁlermondlt, Furnace agglomerans,
Application No. 5-30983], Agrobacterium [Japanese Patent App ication No. 8-
1546911, Bacillus [Yapanese Patent Application No. 8-187092], Pseudonocardia
[Japanese Patent Application No. 8-56684], Pseudomonas, and Mycobacterium are
non-limiting examples of microorganisims that can be used according {o the invention,
20  Not all species within a given genus may exhibit the same properties. Thus, it is
possible to have a genus generally known to include strains capable of exhibiting a
desired activity (e.g., the ability to delay a particular plant development process such
as, for example, fruit ripening) but bave one or more species that do not generally
exhibit the desired activity. In light of the disclosure provided hercin and the general
25 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.
Further, specific examples of bacteria nsefiil according to the invention
inctude, but are not limited to, Nocardia sp., Rhodococcus sp., Rhodococeus
30 rhodochrous, Klebsiella sp., Aeromonas sp., Citrobacter freundii, Agrobacterivm
rhizogenes, Agrobacterium tumefaciens, Xanthobacter flavas, Erwinia nigrifluens,

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



Klebsiella pneumoniae subsp. pneumoniae, Agrobacterium radiobacter, Bacillus smithii,
Pseudonocardia therm ophila, Pseutlomonas chloroaphis, Pseudomonas erythropolis, Breyibacterium
ketoglutamicum, Rhodococcus etythropolis, Nocardia 5 farcinica, Pseudotnonas aeruginosa, and
Heliobacter pylori. In particular embodiments, bacteria from the genus Rhodococcus, more specifically
Rhodococcus rhodochrous DAP 96253 strain (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), Rhodococcus erythropolis, 10 or mixtures thereof, are used in the
methods and apparatuses of the invention.  In certain aspects of the invention, the one or more

bacteria are "induced,,19.6xhibit Adesirad.ana acienistic (eamdhs avlieda gelay-aplant development
process stich as Uit penyng) by exposure lo.of eament it suigble ngkiclag agent. Inducing
agents include but are _nq‘f IMited to aspa aSme_, glutamine, cobalt, urea}b or 15 any mixture thereof. In
particular embodimef#é#inBspuerarad & & uopke s rested Rier e iRaRIG Ggent asparagine,
more particularly a mxstineattBe-itidueihey: ageritsroomp iing@sparaginerdsbdcesdid urea. The
inducing agent can be, addec 2l amiimeJLing, Gullivation o) heAesigsticealls. For example, with
respect to bacteria, the culture medium can be supplemented with an.indicing agent prior to beginning
2()cultivation of the beénc_(é%%‘?n Si‘trgar‘ﬁeajr g%/?nt]hee l%eal%:“tsenémé%ﬁfﬁug’én cultivated o):;w a medium for a

predetermined amoutiedftiris RAGIURAHEBHERg BrrasthEandhiefhg-agant wshile fdSdded at one or
more predetermined dirbes:tbdnth)ceothertiebired:enz A MRe @etimir ik T6E BapteitiioMoreover, the

inducing agent couldsbe addad:io: Uas, AoMRhIBRBssk(RF 10, asseparalRRiEMeling the previously
grown bacteria) 16 induce.ihe gaderied artiviy I dha.acteHa.allel Je oy, the bacteria is

completed. \}ghilé’rn%lf(lntendﬁfr?g T%lésﬁlmlted to a particular mechanism, "inducing" the bacteria of
the invention may result in & B AREbA i THEPLAEAY PO QURASTREFGHE oFHSPE dhzymes, such as
a nitfile hydratase, arzidsise daheiohaspaiwiginasdicadithe dsductivncluieverersef these enzymes

may play a role in dejayingsa;plankia8 sleuslondent Reasrss-AlintRIAsH iMiile iydratases,”
‘amidases,” and “aspaiaginass: copyise 1Aies O SIAYISS PIERSILINLSal iapnpyarious
ke b AL G A A G T
with the inducing agent asparagine, more paﬁicular}y a mixture of the inducing agents
comprising asparagine, cobalt, and urea. The inducing agent can be added at any time
during cultivation of the desired cells. For example, with respect to bacteria, the
culture medium can bo supplemented with an inducing agent prior to beginning
20 cultivation of z‘iw bacteriz. Alternately, the bacteria could be cultivated on a mediumn
for a predetermined amount of time to grow the bacteria and the inducing agent could
be added at one or more predetermined times to induce the desired enzymatic activity
in the bacteria, Moreover, the inducing agent could be added to {he growth medium
(or to a separate mixture including the previously grown bacteria} to induce the
25  desired activity in the bacteria after the growth of the bacteria is completed.
While not intend:iﬁg to be limited to & particular mechanism, “inducing” the
bacteria of the invention may result in the production (or increased production) of one
or moTe chzymes, such as a nitrle hydratase, amidase, 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
“agparaginases”™ comprise families of enzymes present in cells ﬁ'qm various

organisms, including but not limited to, bacteria, fungi, planis, and animals. Such



enzymes are well known to persons of skill in the art, and each class of enzyme possesses recognized
enzymatic activities. "Enzymatic activity," as used herein, generally refers to the ability of an enzyme to
act as a catalyst in a process, such as the conversion of one compound to another compound. In
particular, nitrile hydratase 5 catalyzes the hydrolysis of nitrite (or cyanohydrin) to the corresponding
amide (or hydroxy acid). Amidase catalyzes the hydrolysis of an amide to the corresponding acid or
hydroxyl acid. Similarly, an aspataginase enzyme, such as asparaginasc |, catalyzes the hydrolysis of
asparagine to aspartic acid. In certain aspects of the invention, enzymatic activity can be referred to in
10 terms of "units" per mass of enzyme or cells (typically based on the dry weight of the cells, e.g.,
units/mg cdw). A "unitizgeneraliyil éfers to gerecahifisiitbictaver radspdoiesafroamof a compound to a
different compound lﬂgggsrscg definedasat gl cenciicns asmasiuna iR tima:std spasific embodiments,
one "unit o_f nltrlle_ h 9&%&@%%%&%“%‘%%%& reI?gg lo jtfh% t%b'clltg té)cgtgp\s{ nrltaorggcggsnglcgfagﬁ{é/lon|tr|Ie to its
corresponding amide per 5rm|nute, per %ﬁlgram of cefls dry we ght a;t)'a, pH of 7.0 and a
temperature of 30C. SHHEPRCTIHE GARBPAINRISGE STIRTRPEal: REFHEE D THESIIRIRS convert one iimol
of acrylamide to its carbspahdindragia @aitritnuteygperritigrahe oicaisdorawdliglt) at a pH of 7.0
and a temperature of 306, FUihar, ANe Uil Al ASNAHACIRASE Activily can: iiagdaathe ability to convert
one pmol of asparaging to, it corresponding acid per 20 minute, per milligram of cells (dry weight) at
apll of 7.0 and a tem"f:)céﬁrglime %}fyéﬁc(‘ﬁ Islggii?lg for an%ggéﬁ}ﬁsr?geﬁﬁ\égﬁ?g}%t%é%ﬁ ga%%%’s activity, or
asparaginase activity#ezRheaAYIEPiS afeRAASHE [ ABET B¢ mple, the detection of free ammonia.
See Fawcett and Scott (1960} ik:Glaspdatiale 13:066: kb muhicistisiineorpordteddieiein by reference in
their entirety. 250lethads a-dalaving. 2P RRLAENIORMERHRAGPESCOMRY g RXPOSIRY a plant or

plant part o ane or mafe eneymes selected tom he giou ORI AL Wil Dgiigee, amidase
asparaginase, or a niRnFEHEIEE Whidrdin the

rein ne or more enz%/mes are exposed to the plant or

plant part in a quantitperaeErrerarrLa e 486 sevad e de vl 55 thepiata &2 lopment
process are further emsampassed hysphatiseuratomtinverivoit, Fovtdlediintsortbieicedts that produce,

are induced to produggr, Ale.genaticalenadiiiss ioprekieadapaaaRaaabieabese enzymes (i.e.,

nitrile hydrates, amidase, and/o asg%r)?gm daaq ygﬁ%gq.m@qgﬁgga%m%@ant

e) ma
development pr&es%é?ﬁ%ﬂiéﬁr/, e n.t??@%'e r%tes amidase, and/or aspara%iﬂqalse% may be
ant or plant part-in a

isolated, purified, or §éﬁﬂﬁfﬁmﬂﬁ@‘@i‘rﬁ?ﬁlﬁﬁﬁ5qﬁ@‘§ﬁ’d\%r§j§}%ﬁém BHELEBHhED
more isolated form. Seglfatexarpiessfodinatat (2004)d, Bfowilimem o 2r8s1das0igB485; Nagasawa at

al. (2000) Eur, J. Bioghany £ 267x 3R dli- 006, atiathet 2000 A ppls mayiien. dbitpbial. 66:1947-1952;
Kato at at (1999) Eur. J. Biochem, 263:662-670, all of which are herein incarnorated by reference in
their entirety. One of &Kifi Eﬁﬂfﬁé‘bg’r wWiFforther a 1[B[F{e%lgst}(j-}&th%{tla single cbgﬁ tyﬁp%qmzaﬁ%e capable of

producing (or belhg imduteacorgsat cARs i uireTD Hratdhek] hidfe (RERFBRECSE te enzymes of the
invention Such cells akgasdlitabladaniiusetinithedistlbsed:fivsihousrandizpparitises.

known in the art and include, for example, the detection of free ammonia. See

Fawecett and Scott (1960}.J, Clin. Pathol, 13:156-159, which is incorporated herein by

reference in their entirety.

23 o Methods of delaying a plant development process comprising exposing a plant
or plant part to one or more enzymes selected from the group consisting of nitrile
hydratase, amidase, asparaginase, or a mixture thereof, wherein the one or more
enzymes are exposed 1o the plant or plant part in a quantity or at av 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., nitrile

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

10



The nucleotide and amino acid sequences for several nitrite hydratases, amidases, and asparaginases
from various organisms are disclosed in publicly available sequence databases. A non-limiting list of
representative nitrite hydratases and aliphatic amidases known in the art is set forth in Tables 1 and 2
and in the 15 sequence listing. The "protein score" referred to in Tables 1 and 2 provides an overview
of percentage confidence intervals (% Confid Interval) of the identification of the isolated proteins
based on mass spectroscopy data. Generally, any bacterial, fungal, plant, or animal cell capable
of producing or being induced to produce nitrile hydratase, atnidase, asparaginase, or any combination
5 thereof may be used in the practice of the invention. A nitrile hydrates, anaidase, and/or
asparaginase may beepebducedoonstititivalriivdheaitfiohydaastivoidmsoridiolsm (e.g., a bacterium,
fungus, plant cell, or apirahseih9nakasnativelidaceiayipiodusadhedasived-anayme or enzymes
only following "induction” with.a ﬁ%ﬁ?&'ﬁ M%léﬁl&% Agent Lanstitutvely; s ingndedato; mean that at

least one enzyme 10°0f the invehtion is continually produced or expres in'a particular cell type.
Other cell types, howd/@f'MidPirééds: 8795"%@9"@%@5%%&%%%5%‘68%]8?\)2%% g)%?‘é}'fg nitrile hydratase,
amidase, and/or aspasigitalse; SvensaffiGi@AtQ vantifreranserdie. &6ty 18vsI iatelay a plant
development processofiitgrast . Thaklis: 283e582y7e f dhetioy entierifiayaniytaesproduced (or
produced at sufficient levels). fallowing, expasure, 45.19.0t I eAIMARLWilR.a b iiablsiipgucing agent Such

inducing agents are known in the art arid outlined abgve. For exam e,,lrsld ert%r}iaastgects of the
invention, the one or FHbPE TR S RE e BRI LR R S5 BRI LTI BL A& aragine, glutamine,
cobalt, urea, or any rpixdure tiverdiof mopé tramivuierhf BerixentetoSadpatigevieBisdhr and urea.
Furthermore, asgisclasaain fenRdinehihSls ARpisatinnNo. 11/669,011, 20 entitled "Induction and

Stabilization of Enzymatic Activity in éch[p%ggniﬁ{g 2JISd danvaty 3 ARz«Raparaginase | activity
can be induced in Rhodoc?ggﬁg%%og achrous D%&P 96622 (Gram- og&\éelg o‘gbﬁgodococcus sp. DAP

96253 (Gram-positivaRiEedi At Y BRIt P RidR BR ARG AMinG Atids, or derivatives
thereof. Other strainsofiRirodqencedmabansals ogprbfutiontisl st mereienitns tivda sedrassexhibit
asparaginase | enzymafigagtiviiydilizng-anaide S0l taiting aminRacids 2enderivatives thereof.  In
other aspects of {he Ivention. x; CHRBARNISAT RPN A3 Dphichagroduces

a

. . Sequ z . . .
asparaginase | act|V|ty(}neft]}cwe pre%ence of asparagine, a . 9 Jdetogiytamic 1CC Deposit No.
21533), a Gram-posiﬁi"/@‘b%f’éﬂﬂﬁ‘i"fﬁ‘ﬁtWﬁ@dgﬁg%”ﬁ%zﬁsﬁl%%ﬁ%%ﬂr%ﬁﬁﬁeaaéané%}grnr@gé%géoélactivity, are

used in the disclosedoMistirobitdBumnge wedtborsuels WSFRSEPTIEHH the genus Fusarium, plant cells, and
animal cells, that express a nitrite hydrates, amides, and/or an asparaginase, may also be used in the
methods and apparatuses, disglosed herein,, Clther, ASMRIEGEIS ALAR ABOHIRIEAMLO which to
isolated one or more_ f'the ab ¢ C : dimen pst-collethath
genetically enginee i ;

¢laying

exposed to a plant ; R
ooéoccusfs[g. LELiJeRs iH h
a plant development process..Specifically, a polynucleotide th:
Nocardia sp. 27261874 SEQ 1D NO:2 100%
Rhodococeus rhodochrous 49058 - " SEQ ID NO:3 160%
TUncultured bacterivm _
(BD2); beta-subunit of 27657379 SEQ ID NO:4 . 100%
nitrile hydratase
Rhodococeus sp. 806581 SEQ ID NO:3 100%
Rhodococcus rhodochrous 581528 SEQ ID N6 100%,
Tncuttured bacterivm
(SP1); alpha-subunit of 7657369 SEQ ID NO7 100%
nitrile hydratase

20
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15nitrite hydratase, amidase, or asparaginase (or multiple polynucleotides each of which encodes a
nitrile hydratase, amides, or asparaginase) may be introduced by standard molecular biology
techniques into a host cell to produce a dansgenie cell that expresses one or more of the enzymes of
the invention. The use of the terms "polynueleotide,” "polynucleotide construct,” "nucleotide,” or
"nucleotide construct” 20 is not intended to limit the present invention to polynueleotides or nucleotides
comprising DNA. Those of ordinary skill in the art will recognize that polynucleotides and nucleotides
cap comprise ribonucleoddes and combinations of ribonucleotides and deoxyribonucleo tides. Such
deoxyribonucleotides and ribonueleotides include both naturally occurring molecules and synthetic
analogues. 25 The polyuticledtidesiofitimeimee htfomeaisofenbaompassied | farmt-afbdgeences including,
but not limited to, sig ‘
fragments of polynu e
nitrile hydratase, amidéeesorasgaraginase |306a¢tidity) may & TBENUs&d infthe pr

invention. By "fragn|en,is, gadeamortan of, g, polypueleghdp gpd hence alsoxenzodes a portion
of the corresponding protein. Robzpueleotides that are fragments of an enzyime nucleotide seqyence

generally comprise at feasbhopd 5e20i78@, 75, 1630335550, [200s250) 3001B50| 400, 456500, 550, 600,
650, 700, 800, 900, 1,000, -1,¥8¢11,200, 1,300 or 1.400icontiguous Rugleotides; » imber
of nucleotides present ifelécsiciemytiridizyme dg?éﬁdgteotideéggg]aeﬁn%e. A dolynucieatide fragment will
encode a polypeptide Metrvbraalesimsdhzymafielaiivity| and i g dfstally encodeHtiéast 15, [25, 30,
50, 100, 150, 200, or Z50. FHwHarE 0] acidisisan up ito tisedataivaumber| of aminatacids present in
a full-length enzyme-amine-acid-seguenece-of-the-nvention—artant-is-intendedtomearsubstantially
similar sequences. Generally, variants of a particular enzyme sequence of the invention will have at
least about 40%, 45%, 50955553l 17 SERE BSYRsey QUL Een BB a8 8 YR G 1YRE 8296, 93%, 94%,
95%, 96%, 97%, 98%:;i89ikorinoredaguaricdidentinrmdite rafarsiees.ch ATesbigtithce, as
determined by standaydseauencsalidappriRngiamsManant pelytieaiiclesiBasompassed by the
invention will encode polype ayd%%s‘év;':xt;@ytge‘?p %%q) ShzymeasiviY: Asusagiinthe context of

production of transgenie celts, the term’ 15"introducing" is infended to mean pre entinﬂ to a host cell, |
particularly a microoref&HEm €k HS EEEh StheiaPLh it A BBAl e BtaR tiaY ehE des a nitrite
hydratase, amidase, aaglforiasphr deinabserzimsornearbodirfdhrngiindasieictédide will be presented
in such a manner thag{heISEAMENGE GRINE AcsaESI thadnieres ata hasiell ineludingits potential

insertion into the gengme of e host el 1630 casiads it inventiona pet degend on a
particular method for introducing a sequence into a host cel:q on% that the pol nucIeoPde gains access

to the interior of at le&gt 5A® Fegewsl PV SRS fo T SH S HE il fER fRTS" ﬁ]p%t cells are well
known in the art incluslimgafeviricisinaitér topstabled rhnsfdtion qrethp oscramaie atttrdnsfcction

methods, and VirUS'W%i%%iﬁ?ﬁ?&@%éﬁi@@éﬁt%%mw%& t@nsled enzyme of the

invention may only be produced (or produced at sufficient levels) following exposure

/ (i.e.,

15 1o or ireatment with a suitable inducing agent. Such inducing agents are known in the
art and outlined above. For example, in certain aspects of the invention, the ene or
more bacteria are treated with an inducing agent such as asparagine, glutamine,
cobalt, urea, or any mixturs thereof, more particularly a mixture of asparagine, cobalt,
and urea. Furthermore, as disclosed in pending U.S. Application No. 11/669,011,

20 entitied “Induction and Stabilization of Enzymatic Activity in Microorganisms,” filed
January 30, 2007, asparaginase I activity can be induced in Rhodococcus rhodochrous

 DAP 96622 (Gram-positive) or Rhodococeus sp. DAP 96253 (Gram-positive), in
medimﬁ supplemented with amide containing amino acids, or derivatives thereof.

Othier strains of Rhodococeus can also preferentially be similarly induced to exhibit

12



25to mean that the polyuueleotidc construct introduced into a host cell integrates into the genome of
the host and is capable of being inherited by the progeny thereof. "Transient transfection” or "transient
expression” is intended to mean that a polynucleotide is introduced into the host cell but does not
integrate into the host's genome. 30Furthermore, the nitrite hydratase, amidase, or asparaginase
nucleotide sequence may be contained on, for example, a plasmid for introduction into the host cell.
Typical plasmids of interest include vectors having defined cloning sites, origins of replication, and
selectable markers. The plasmid may further include transcription and translation initiation sequences
and transcription and translation terminators. Plasudds can also include generic expression cassettes
containing at least onspndépericdentietriraiorsiégue mgesedaiomcesiperviltivg replication of the
cassette in Seukaryotgg., fi-Rrakaryotes, or both, (e.g., shuttle vectors) and selection markers for both

prokaryotic and enkaryotic]{s}% fems. Vectors are s 1!53%9}91;% (= 'R%E’%@%%i%@%%@?ﬂ in prokaryotes,

eukaryotes, or optimally both. For Senera descriptions of cloning, packaging, and expression systems

and methods, see GilHAPLAESHRAERY) ERE 8.8 REFREH W&F{T@g’;}) Nature 328:731-734;
Berger and Kimntel 18:(289)itGuieTieCNIojesutar. DIitny Treomomtined ket thatibeErsymology, Vol.
152 (Academic Press,cliGuowafd B&@G&,aﬁﬁlﬁgﬁm@kﬁmb‘@@@cﬁhm&&m&%war Cloning: A
Laboratory Manual, ‘ IS, i ls(%gcﬁgdrot%{)osledg]%g%ﬁ%y erp'gsrarl’:%rpa?rﬁlgg%lg,raex%san?ﬂl@drl\éfﬁ%sl}lew York); and

Ausubel et at, eds. ( d85y Euné ocols in Molecular Biology, Current Protocols (Greene

Publishing Associate &5, * alde faHH s PHigsF R ey en peagRiry Bav. e &2 SehpiEhent).
Transgenic host cellsitkaide xpt egsueneeodirriosel bbktie ethzymaebadd bl mventoranigtbe used in the

disclosed methogs anglappaaiugesas whole Gellsor asyanbiological source from which one or more
enzymes of the invention can fe. isofated Apparatyses, (Rl dlaving ARRRhSYsIRmSN! process and

for performing the ) .
express a nitrile hydratase, amidase, and/or asparaginase can be used exposed to a

~ plant or plant part in accordance with the present methods and apparatuses for
delaying a plant development process. Specifically, a polynucleotide that encodes a
15  nitrile hydratase, amidase, or asparaginase {or multiple polynucleotides each of which
encodes a nitrile hydratase, amidase, or asparaginase) may be introduced by standard
molecular biology techniques into a host celf to produce a transgenic cell that
expresses one or more of the enzymes of the luvention. The use of the terms
“polynucleotide,” “polynucieotide construct,” “nucleotide,” or “nucleotide constract”
20 ismot intended to limit the present invention to polynucleotides or nucleotides
comprising DNA. Those of ordinary skill in the art will recognize that
polynucleotides and nucieotides can comprise ribonucleotides and combinations of
ribonuclteotides and deoxyribonucleotides. Such dsoxyribonucleotides and
rbonucleotides include both naturally occurring molecules and syntheti'c‘ analogues.
25  The polymicleotides of the invention also encompass ali forms of sequences
including, but not limited to, single-stranded forms, double-stranded forins, and the
like.
Variants and fragments of polynucleotides that encode polypeptides that retain
the desired enzymatic activity (i.e., nitrile hydratase, amidase, or asparaginase
30 activity) may also be used in the practice of the invention. By “fragment” is intended
a portion of the polynucleotide and hence also encodes a portien of the corresponding

protein. Polynucleotides that are fragments of an enzyme nucleotide sequence
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20 methods of the invention are further provided. In particular embodiments, an apparatus for delaying
a plant development process, particularly fruit ripening, comprising a catalyst that comprises one or
more bacteria selected from the group consisting of Rhodoeoccus spp.,Pseudomonas chloroaphis,
Brevibacterium ketoglutamicum, and mixtures thereof is encompassed by the present invention. 25
Rhodococcus rhodochrous DAP 96253 strain, Rhodococcus sp. DAP 96622 strain, Rhodococcus
erythropolis, or mixtures thereof may be used in certain aspects of the invention. The one or more
bacteria of an apparatus of the invention are provided in a quantity sufficient to delay a plant
development process of interest, as defined herein above. In other aspects of the invention, the

catalyst comprises ogen@iifesapepzyimes B0 16,0, sitrils najnatase),amidase sapdigragparaginase) in a
quantity or at an enzypatic, aghvis loyelskTigiensds, deley malanislevelopmentpiqzess. Sources of

the desired enzymes for use as a catalyst in tk{])? %&paurgtuses of the. | englon are also described in

detail above. For exalPiRidFetBRARSF mEy Be'Fee . meﬂﬁr?(s)ernrtn’f"o WA i& Cells that produce (or are
induced or geneticallyoiodifisideterprovetce poradpaisramarevshsries opienttreiition or may
comprise the enzyma(gsibe mselvasatnian isalatedejptitifiesars samitporifesbfeamioBApparatuses for

delaying a plant developRagnt BERCE IS ANSAMPASSRIPY e Bag RliRuestignDaydbe provided in a
variety of suitable formats and may be appropriate f?c{ single use ot multigle“k;ses (e..sg.,

"re-chargeable”). FuRtFEthBre MK s A R BN S TR T Sh B VﬁIsl_téﬂm bo%ﬁa%sfdential and
commercial settings. ifgriektrmgie sehsehtiafpairalasetrernssh Sresgbatette re sriemirl or commercial
10refrigerators, includeghis dtaiass ek svettioforiinngedidtancedansharcafsiuitsMgetables, or

flowers, or used,gs sfandzalpng.canineisiosMe.sigraae o5k ansport ot sickplaptproducts.

Exemplary, non-Iimitin?g ag naratuses of the_lcpvtent‘gotrjg1 6ellgjtimglet?lsgribedﬁhserg‘jzgcbeIo(\i\é Qann depicted in
Figures 1-4. In particUf&r embOdIfRiTEE tRe CAIAN SIS Drovided i an thracbilized format. 15 Any
process or matrix fortiersieiil shape e B grmgRPRsH e VEEIRSIBHE LI BMHAHE one or more
bacteria (or enzymeshéontialan aiplanbdastipgpmentprdecdsisd eiginedctiy.example, the catalyst may

be immobilized in a matrix gomATisiNg AGIRAL Mt GAEHAAINRIR) ncagroeen, DEAR-cellulose, or

olyacrylanaide. . .
polyacty 15 “introducing” is intended to mean presenting to a host cell, particulaly a

microorganism such as Escherichia coli, with a polynucleotide that encodes a nitrile
hydratase, amidase, and/or asparaginase. In some embodiments, the polynucleotide
will be presented in such a manner that the sequence gains access to the inte_aric}r ofa
Tost cell, including its potential insertion into the genome of the host cell. The

20  methods of the invention do not depend on a particniar method for introducing a
sequence info a host cell, only that the polynucleotide gains aceess to the interior of at
ieast one host cell. Methods for introducing polynucleotides into host cells are well
known in the art including, but not limited to, stable transfection methods, transtent
transfection methods, and virus-mediated methods. “Stable transfection” is intended

25 to mean that the polynucleotide construct intreduced into a host cell integrates into the
genome of the host and is capable of being inherited by the progeny thereof.
“Transient transfection” or “transient expression” is intended to mean that a
polynucleotide is introduced into the host cell but does not integrate into the host’s
genome,

30 Furthenmore, the nitrile hydratase, amidase, or asparaginase nucleotide
sequence may be contained on, for example, 2 plasmid for introduction into the host

cell. Typical plasmids of interest include vectors having defined cloning sites, origing
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Other such matrices are well known in the art and may be further cross-linked with 20 any appropriate
cross-linking agent, including but not limited to glutaraldehyde or polyethylenimine, to increase the
mechanical strength of the catalyst matrix. In one aspect of die invention, the catalyst is immobilized in
a glutaraldehyde cross-linked DEAE-cellulose matrix. The catalyst, particularly the catalyst in an
immobilized form, may be further presented as a "catalyst module clement." A catalyst 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. hi one embodiment, the matrix comprises alginate, or salts thereof.
Alginate is a linear cagedymstiowithi haenapie lymieric Dlocksofd(ha4 Rlitiesd:dd wmannpionate 30(M) and -
its C-5 epimer ci-L-gylyranaigi(@)iesiduesdespaativeitisaualanty.lnkaddoasther. in different

sequences or blocks. The monomers }({:}?n Ei;tegear in homo oﬁ%raeric blo%lé§ea%{ consecutive O-residues
-bloc )

(0-blocks), consecutiV@ B HEDY & BItETRAlNG M and O-rasidies (MG-blocks), or

randomly organized lxidetesdtnt speinafpisouiphen SRR PCERIiRR Eriderade e s &trate, more
particularly calcium aigiasiesthatphasheenccrogs Hnkebtliseetras)rihspotyethylerimine, to form a

hardened calcium algingte SUbSHAG: GHINRE PR oS uehdimabiizatigndgchniques can be
found in Backe (1987) "Cell Immobilization%"lp alcium Aulgi agﬁ';hin Metchace)r f.(igscl;lngé/nrpg}ogy, Vol.
135(B) (Academic Prit IR meskiaish CEamHI Y RISShaeh ed 3 STRTh 1€ heorporated herein by
reference. An exempiéayinnetskraios. trheopitzietcrF oS RhuRARRy renSHimR ®b¥Bifhked calcium
alginate is also descriped)amiovs: n-Exastpie &AQ5(1b3aNethereRTBOdIMSM ghendBinxadomprises an

amide-containinggpolyimer. Ank RAWISEERRHSIAHARE ST SIS Asapsvenulh be used

according to the invention. In one embgdiment, the substrate, compri crylamide polymer.
Increased mechanicé@ﬂ‘?ﬁ@iﬁrﬁf’&ﬁcnﬁﬁ%ﬁﬁﬁeﬁggﬁaét %??Qg%ﬁiﬁggﬁ%%% }%ﬁrough

cross-linking. For exafpies-celdemrriydlererhitaliy! ctoskeinkeld Yores e abperaitations of cells. In
one embodiment, cellshamasies ate.croas; inkadsubel et al., eds. (1994) Current Protocols in

Molecular Biology, Current Protocols (Greene Publishing Associates, Inc., and Jobn

15  Wiley & Sons, Inc., New York; 1994 Supplement). Transgenic host cells that express
one or more of the enzymes of the invention may be used in the disclosed methods
and apparatuses as whole cells or as a biclogical source from which one or more
enzymes of the invention can be isolated.

| Apparatuses for delaying a plant development process and for performing the

70  methods of the invention are furtber provided. In particular embodiments, an
apparatus for delaying a plant development process, particularly fruit ripening,
comprising a catalyst that conoprises one or more bacteria selected from the group
consisting of Rhodococeus spp., Pseudomonas chloroaphis, Brevibacterium
ketoghitamicum, and mixtures thereof is encotnpassed by the present invention,

25  Rhedococcus rhodochrous 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 bacteria of an apparatus of the invention are provided in a
quantity sufficient to delay a plant development process of interest, as defined herein
above. In other aspects of the invention, the catalyst comprises one or more enzymes

30 (ie., nitrile 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

15



using glutaraldehyde. For example, cells can be suspended in a mixture of de-ionized water and
glutaraldehyde followed by addition of polyethyleneimine until maximum flocculation is achieved. The
cross-linked cells (typically in the form of particles formed of a number of cells) can be harvested by
simple filtration. Further 20description of such techniques is provided in Lopez-Gallego at al. (2005).1.
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 DEAE-cellulose cross-linked with
glutaraldehyde is also outlined below in Example 4. 25Ih 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." TieiphysicBhstraoplrabnchatiesionbesirrgtifi thitéanto g csedet coating layer,

box, pouch, bag, or slgiigc ehamhrrcanabieekhpldisgions gomereaalyst sradule elements. In
certain embodiments, the phy C%v%é{%'i‘o%t_‘é{ %%%@:Héjhss%E@&Q{)&%@%«?ﬁ%%w&?&'QJ&B;ER@@,SPO” or storage

of fruit, vegetables, orﬁg\l/lvers. 1 sical structure may further comprise more than one individual
structure, whereby a8 shtidiafed®ures are connected to a central catalyst or catalyst module
element. A physital structéreaescsibeddheiein Hivo e rppmoptonaiieireretsgé ity by external

means or comprise aeftiggkation ﬂgﬁwgmmmi&abswﬁmg@mmﬂlmts for monitoring the
e e A SIS, A, JENCIQRIAR LSRR SIS S8l (Sl oiosess wien the
S O T -

approprigte 1or s : .
catalyst or catalyst moqure uld be replaced) or for measuring, or controlling air flow, moisture

content/humidity, andRPARSBIEGToRFdR Rt AP e P BHeTATRAthelt EE R M 58%PatlE of the
invention. Any apparates:for dieiaying sl eanttdévedoprhinti yssiscrin enegpfasthial comprise one or more
elements to permit aifHowdeQnihranah dhascaialystoreatalystmocuespieraemiitl he skilled artisan

would reaily envision ol 10,essible morfigalions,o.1br, APRRIA'USRS rssiest berein for
: _ |

monitoring and contrgﬁﬁﬁg p atmospheric conditions (e.g., air flow, humidity, and carbon dioxide
levels) of the catalyst?'i‘ﬁ’é’%ﬁ‘tﬁ'f%’f’?ﬁﬁﬁ@@@ﬁ%‘%ﬁﬁ&pﬁﬁ%ﬁsﬂf’gf}?ﬁc Ure B iditions such as
temperature, atmospheridhed aposition (edgispiehdtivEipumitity, 02 and CO2 levels, physical stress,
light, chemical stress, radi@ﬂ%@xﬁ%ﬂﬂ&ﬁﬁﬁﬂ@!@é’@tﬂyst is provided in an immobilized format,

15 Any process or matrix for immobilizing the catalyst may be used g0 long as the ability
of the one or more bacteria (or enzynics) to delay n plant development process is
retained. For example, the catalyst may be immobilized in a matrix comprising
alginate (6.g., calcium alginate), carrageen, DEAB-cellulose, or polyacrylamide.
Other such matrices are woll known in the art and may be {urther cross-linked with

20 any appropiiate cross-linking agent, including but not limited to ghrtaraldehyde or
polyethylenimine, to increase the mechanical strength of the catalyst matrix. In one

* aspect of the invention, the catalyst is immobilized in a glutaraldehyde cross—linked
DEAE-collulose matrix. The catalyst, particularly the catalyst in an immobilized
form, may be further presented as a “catalyst module clement.” A catalyst module

25  clement 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 matyix comprises alginate, or salts thereof. Alginate
is a linear copolymer with homopelymeric blocks of (1-4)-linked f-D-mannuronate

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

homopolymeric blocks of consecutive G-residues (G-blocks), consecutive M-residues

16



15 regulators, and pathogen attack play an important role in respiration rates and significantly impact
shelf-life of fruits, vegetables, flowers, and other plant-related products. Although temperature and
atmospheric conditions for storage vary depending on the fruit, vegetable, or other plant product of
interest, recommended storage temperatures are typically in the range of about 0 to about 20C with 02
and 20 CO2 levels in the approximate ranges of 1-10% and 0-20%, respectively. A relative humidity of
about 50% to about 100%, particularly 85% to about 95%, more particularly about 90% to about 95%
is generally 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
factors is 25 importamgttolehéinyikgntiiezdé ter oratichco (¥Gehipiot uctsidbmbordmgls] a carbon dioxide
scavenger can be pr@l@&i@.‘?ﬂ{bﬁé%ﬁﬁ@ﬁfﬁﬁ?&@&@%ﬁﬁt&hﬁﬁ@&b@ﬁ%&%%&@m- In particular
embodiments c_)f _the ml‘\r/ecr&xg%n,cag;&%peggﬁ forel I)(()est apparatuses for dgﬂllaymg a plant development
process comprising r%u?up € 1ayers are provi ed. -or example, as shown in Figure 1, a catalyst
apparatus 10 can incdieehsireiiagér S gl aedaly iR HRBAE Sthtec ARt JEFEPIO8 located
between the outer layesscH Bnantii-dtdhebdaiaty stldydruité iodhwiksE8 Dri€«dr more bacteria (e.g.,

Rhodococcus spp., Rsgudemanas elaankis:Brevieasteri msaiogiitamicssms)and mixtures thereof)

or enzymes (a nite [idrates, amiase, aspatagiiase, ARMIUISS e beIgi the one o
more bacteria or enzymes are provided Ih a guantity sufficient to délay the plant development process
of interest, and a thir8eraipéy, Iﬁf#?ﬁéeeﬁfb?}ﬂﬂ*ﬁgﬁt,“&g@‘b?f%?@%ﬂﬁ’é‘ﬁ%r layers 12 and 14 provide

structural integrity to thig-catatyaiiappayatis:d Osidine deitete] FydisdtRrind i tyipiEadlymiermit air flow to

the catalyst layey;16 althougheiR.SRmasmRodime disHimay haiadsniaggeus-e:nave an outer layer

that is not air-permeable, e.9., if ag}paratus forms, Qe side of t;[‘t‘?e and Q«%&% js,a desire not to allow

bo
the outermost layer dtHEDEX I EXpOSe the cata s%rfé?éﬁgtheufgégﬁc\%ém ent. The catalyst
apparatus 10 can be ipreniere dinierainst fsrnstds I Bage GrpsRhRd R PaEBSfdance with the
invention. In one embodimektedfae waiakisillayeyl 6fcoinprisel:fvadogoedts sppecells, particularly
Rhodococcus rhodochiausiBARS62535HaiN I3hasesRcas shuoAB:R662 2k aineRhodococcus

etythropolis, or mixtues thereot Bacterial cells,lige A%, GAIAMGLI AN ARRATRE Of the invention
15may be inducéd with Ofi& Of More in ucing agents (e g asparagiue, glutatnine, cobglt, urea, or a
.

mixture thereof), as déé@rﬂﬁéﬁaiﬁeﬁ%iwabmpl@i@ﬁ]}%%aé St e BREES Afide BBpE atuses in
accordance with the instantiogifier-deligdingiaplaby ebligiopfireheprovessrThmibaaiparatuses comprise
multiple layers, whergin ane3r/09te.ef the./ayers.ate camayabley Asushownipafigere 20 2A, the

apparatus can include an air- uctyral layer.22 and a.catalystlayer 24. Removable layers
g(éfag esﬁfgucél{llﬁtg]?wc\./s?ed% S]]Ilopllgrf%%a 1. 3]

errq)eabfle
26 and/or 28 can be PYEVIHR AIBHG the ayer 22 an e catalyst layer 24 and are typically

intended to be réfhovésscprtisnf ssirgebriseniermy M tRaRr e i aehdcts of the invention, the
removal of the removable-tayeIse26-andy28axpassy ancadhasiie thiatdaciintdtestpiicetent or 25

attachment of the catglygh UG 519, BARARICPLUE sk RIIAIRGIONS 9. Uslsates an aliernative
embodiment wherein the apparatus 30 jncludes two aiy- rmezilble tru(%u al Ia;gers 312 and 34, an
gﬁé{g}% 15.9 e[[o in

intermediate catalyst PAydi- 8450 SorETHETABIE &) gufe 2T MTSrates Vet another embodiment

wherein the apparatus 40 includes two air-permeable structural layers 42 and 44, an intermediate 30
catalyst layer 46,3nd two remexablejayersidlmandia) he 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 film, sheet, coating layer, box,
pouch, bag, or slotted chamber capable of bolding one or more catalyst module
elemnents. In certain embodiments, the physical structure comprises a container

30  suitable for transport or storage of fiuit, vegetables, or flowers. The physical structure
may further comprise more than one individual structure, whereby all of the

individual struciuzes are connected fo a central catalyst or catalyst module element. A

17



Figures 3A-313 illustrate an alternative embodiment 60 wherein the catalyst is affixed to the interior of
a container such as a cardboard box. As shown in Figure 3A, a side 62 of the container includes a
catalyst layer 64 attached thereto through the use of an adhesive layer 66. A peelable film 68 can be
provided adjacent the catalyst layer 64 to protect the catalyst layer from exposure to the environment.
The peelable film 68 can be removed to activate the catalyst in the catalyst layer 64 by exposing the
5catalyst to a plant part provided in the container to thereby delay an undesired plant development
process. Figure 3B illustrates a catalyst structure 70 prior to affixing the catalyst structure to a
container interior in the manner shown in Figure 3A. In addition to the catalyst layer 64, the adhesive
layer 66, and the pealablefimds; therdatdiysisthoctarey potFrivdetdieontadditosakbeelable film 72.
The peelable film 72 .|ikg; the peslablefip AR prateristhe Migtakistatietinar70 when it is packaged,

shipped or stored. The peglable film 72 can be removed ip Lxpgsedbg.Adhesiyadaver 66 to allow the

catalyst structure 70 to be attixed 10 t e container Iinterior in the manner illustrated iq Figure 3A.
15Figure 4 illustratei8 AoRRgEPERERE R gEs Rk i ARIES T8 Lroidabst Sh e 8 YoP 18 iving a catalyst
cassette (e.g. cagsettzo86 s Fhdncalialytt oasseite @6ogalinainibablecadecan be easily inserted into
or removed from slot 8 tikisidhe satalyst srspetiedtwandeieadiinmpacaddf a new catalyst

cassette is desired for use in the catalyst sfructure é@f&[ﬁ@laﬁ%{?b’ﬁgﬁa&%a&ﬁéﬁ ingludes a catalyst

such as described 26‘%@%??10@(5 that |§npre?gr§8?§aimmobilize in"a matrix. The catalyst structure 80

can include opposed it e SHPIEC AP dR Br SRS RITH A FRs K SEHERIE 8%llow air flow through
the catalyst cassette @6isEive catatystdtie crrerB 0 asilie atémativid errblydinmsivnsohiselude only one
air-permeable sygfacg, iR RemRPRAseSAIPeHReR At susReesOHMEIRaNAY0 air-permeable

surfaces as would be udfisiaed 2618 ne. ALl 1008 3t QU it ieludes o slots 82

.o con! 1, s
and 84 for receiving a ca?a]y%t cassette (e.g. cassette 86), it would be understood to one of skill in the
art that the catalyst siTREFEIT XY Wdﬁ%@sbﬂ%‘%‘? AP LI e PR ARy %o cassette. The catalyst
structure 80 can be pradidiecswithiss argmrametsebety trarsprdepardgyarthsmitita it or flowers or
can be affixed to a cqpfaingieRIg piiiar e auseieham 30adheshndpyatasdissussed herein.

The present methods and {%E)paga% ses %}%Xkb‘?ay%&L%r%ﬁﬁ)ﬁ%r?@}hg&‘ﬁ%&wt process of any
plant or plant pa}fof ifterest: in Fg’artl EG emBoqhments the methods
significantly impact shelf-life of fruits, vegetables, flowers, and other plant-related

products. Although temperature and atmospheric conditions for stoyage vary
depending on the fruit, vegetable, or other plant product of interest, recomnmended
storage temperatures are typically in the range of about 0° to about 20°C with O, and

20 €O, levels in the approximate ranges of 1-10% and 0-20%, respectively. A relative
Thumidity of about 50% to about 100%, particularly 85% to about 95%, more
particularly about 90% to about 95% is geﬁerally recommended for the storage of
fruits, vegetables, and related plant products. Given the significant correlation
Detween respiration rafe and shelf-ife 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 iu 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 are provided.

30  For example, as shown in 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., Rhodococcus spp.,
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and apparatuses of the invention are directed to delaying ripening and the plant part is a fruit
(climacteric or non-climacteric), vegetable, or other plant part subject to ripening. One of skill in the art
will recognize that "climacteric fruits" exhibit a sudden burst of ethylene production during fruit ripening,
whereas "nonclimacteric fruits" are generally 5not believed to experience a significant increase in
ethylene biosynthesis during the ripening process. Exemplary fruits, vegetables, and other plant
products of interest include but are not limited to: apples, apricots, biriba, breadfruit, cherimoya, feijoa,
fig, guava, jackfruit, kiwi, bananas, peaches, avocados, apples, cantaloupes, mangos, muslanelons,
nectarines, persimmon, sapote, soursop, olives, papaya, passion fruit, 10 pears, plums, tomatoes, bell
peppers, blueberriesPeadanywajphicoginiiess ) grapef bitodamormrlimé sipeppdrscdherries, oranges,
grapes, pineapples, shawharigsiduatenie|amd.da Radis ANthdmswures tRetherasgects of the
invention, the methods and apRatalises Al Alan 1o, elaying [N RRNRSERAR, Hling, abscission,
or petal closure. Any flower may be 15 used_zln the ractice of the invention. Exemplary flowers of
interest include but aPlTHSeYRAMBERterPesa sl B IAE Tt ol HmsR=C"98 begonias. Cut
flowers, more pagticutarlyommerdiathy idpdridntocide fovwersisuelriasrdsastand apardtons, are of
particular interest. In gerginembodiments. Heyeks hataraisensitive taatbyigreiare used in the
practice of the invention. Ethylene-sensitive flayers.include but are,not 20 limi ers from the
genera Alstroemeria,a%\%(%%?h%ﬁcer?%ﬁﬁoéﬁmﬁtf A‘%ﬁﬁ%ﬁéﬁn&%ﬁ&s [,&shtillrt?é% &%%é%%ﬁ%{g?n%idium, Dahlia,
Dendrobitun, DianthSt EXRIGHIRIFFEe & aPREar I fradpHite b iR ee 15 Limonium,
Nerine, Rosa, Syringa,aTesiia;, ardndinhier Rdpresentaives dihylahet soesktithe flowers also include
those of the families AthandidaceasAkliagsasmConvalianascae i diameracaiidabaae,

Hyacinthaceae, Eiliageae, Orchidacea, Al20R68Re: AGACAG: CATRANMAGEAR-(@ryophyllaceae,
Crassulaceae, Gentlangacege, alvaceae, Plumbaginaceae, Portulacaceae, Solauaceae, Agavacaea,

Asphodelaceae, AspHpabHtesgriss fhriasds e api R Y e aa i lradn e it dibiaceae,
Fabaceae, LemiaceaeaNpitstead, Ondgracese, B Htaheie farddverbendleaei-sde, for 30

example, Van Doom (2002) fihngs:alBatany 89i2Acm3itatakaiieappa(202) trinadsioh Botany
89:689-693; and Figer (1998) "Cut Elowers and Foliage - ¢ooling, Jrements ang, hgemperature
Management" at Shor’f“r?gtk.)gci)nr(r?luﬁ%luvﬁlﬁhc%%eoorﬁsr?ﬂrgrﬁa(?t@%%%%&g.’htré%%}gt %g%:essed March 20, 2007), all
of which are herein i ForaAEEH Harale At gﬁWéVVM,ethods and apparatuses for delaying
leaf abscission are also entipmpagsedbysthe gresdive prvertioes Sigeifitar tikiercial interest exists

in the plant, fruit, veggtahle, and-hflanenindustigs dappeihodaanspppaatusagiter regulating plant
development processeﬁh)sy?ﬁcf as ripening, senescence: 30d ADSGISSIBN: As AGSHikgAQrtisan wil
o ImyeE, :

further recognize that'an e’methods or apparatuses disclosed herein can be (t:?mbined with other
known methods Znd &bpasArnSeeTEdRIAIE AFsealt STBEHIE RIS 6&E8E 2 SEREUIATR those

processes 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 {acilitates placement or

25  attachment of the catalyst structure to a separate physical structure. Figure 2B
illustrates an alternative embodiment wherein the apparatus 30 includes two air-
permeable structural Jayers 32 and 34, an intermediate catalyst layer 36anda
removable layer 38, Figure 2C illustrates yet another embodiment wherein the
apparatus 40 includes two air-permenble structural layers 42 and 44, an intermediate

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

Figures 3A-3B illusirate an alternative embodiment 60 wherein the catalyst is

affixed to the interior of a container such as a cardboard box. As shown in Figure 3A,
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10generally 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 invention may find further use in improving plant response to
pathogens. 15The 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 to various
20 examples. The following examples are not intended to be limiting of the invention and are rather
provided as exemplary embodiments. Example 1: Delayed Fruit Ripening Following Exposure to

Induced Rhodococcd&eS4r 3 enpsasededtlesp e &gtk atpchrhbesgatughst BdBonitrile, or
acetonitrile were immbiilidedig laygl@taralpiehylidior68 satirdeadoridatindpf PEREatdthilose. Methods of
inducing cells and prepasng theebeyexmairixarssleseibedhereinbelasmin gregiesnaetail. The

cross-linked DEAE'“ﬁ!k“é@%%?@%%%}eﬁ}%g&w@’%%%%?%gﬁ )H?J %ﬁa’fﬁpﬁé@%ﬁ% BhPads

(approximately 1-2 grams pack wet weight of cells per , With each bag con air};i}l%g unripe bananas,
peaches, or avocadG&PKE Heganaeditrilel 't‘ﬁ@*“s%ﬁ%ﬂﬁ*if%élwg% lar ey RISERAPLY paper bags in the
absence of the catalysteivatkint pfdvesspaper bags were retained at room temperature, and the produce

was observed daily for sigpgf siyilitipering ARG AesrREALDkor AthRRAUCaENROSed to the catalyst
malrix displayed signficant delays, I L Upenyd, I BASHIAY i ESa A Rk ntearlty o the
peaches was maintaine
© catalyst layer 64, the adhesive layer 66, and the peelable film 68, the catalyst structuroe
10 70 includes an additiona! 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
peclable film 72 can be removed to expose the adhesive layer 66 to allow the catalyst
structure 70 to be affixed to the container nterior in the manner illustrated in Figure

3A.

15 Figure 4 illustrates a catalyst structure 80 that includes two slots 82 and 84 for
receiving a catalyst cassette (¢.g. cassette 86). The catalyst cassette 86 is air-
perraeable and can be easily inserted into or removed from slot 84. Thus, the catalyst
casseite 86 can be readily replaced if a now catalyst cassette is desired for use in the
catalyst structure 80. The catalyst cassette 86 includes a catalyst such as described

20  herein and that is preferably immobilized in a matrix. The catalyst structure 80 can
include oppesed air-permeable surfaces 88 and 90 such ay mesh screens to allow air
flow through the catalyst cassette 86. The catalyst structure 80 can, in alternative
embodiments, inciude only one air-permeable surface, two non-opposed air-
permeable surfaces or more than two air-permeable surfaces as would be understood

25  to one 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 understoad to one of skill in the art
that the catalyst structure 80 could include one or more slots for receiving a casseite.
The catalyst structure 80 can be provided within a container used to transport a plant
part such as fruit or flowers or can be affixed to a container, ¢.g., through the use of an

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 particular embodiments, the methods
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5longer in the presence of the catalyst matrix. Similarly, with the bananas, the appearance of brown
spots was delayed and the firmness retained longer relative to the negative controls.

Example 2: General Fermentation and Induction Protocols 10 Fermentation process The following
general protocols and culture media were utilized for fermentation of the Rhodococcus spp. strains
Rhodococcus sp. DAP 96622 and Rhodococcus rhodochrous DAP 96523 for use in other
experiments: Fermentation vessels were configured with probes to measure dissolved 15 oxygen (DO)
and pH, as well as with sampling devices to measure glucose concentration (off-line). Additional ports
were used to add correctives (e, g., acid, base, or antifoam), inducers, nutrients and supplements.
Previously cleaned vesselswese Etheilizedion-qpiabecdl sultbdyle:basdéngediboplbionlisX) R2A or R3A
was used. The specifig;cRmpaneis.of these.autigmediacme seldorhbplow Hektain 20
substitutions (0 the Com DR Pt e 1 Sl Gete. Rads i ceian expstime nis, S arexgmete, Profio(n)
(Trader's Protein, Memphis. Was At times used in p?ace of the proteose peptone and/or casamino
acids. Moreover, in cektdtrr adusipraliasiyicomss 7805 reraietdpts it rfEhan Estates, IL),
Cottonseed Hydrelysaisheizotionsgede iy d styiSatet-ulttrati e eégl4d akconiBevdlpnete Corp., Carlstadt,

NJ) was 25 used in plags.ohine.Lrefloi.CEaters RinemMeRRisyddts of itidged profile for
nutrient supplementation was settt gra %Jar['léllrepla%g the | géeg%&‘%% %E}]S% gn%giotén%gvith aricher
medium, namely 2X Rﬂfib,&t e(Ie]‘"’comT‘;)eoncéa gegf%%lctﬁf are 4150 deseribed 1n greater detail below.
Other optional nutrieBtayaimsieint figiiRarred it SOBEM WOIGY el d¥E25H% (wiv). 30
Commercial productsmeamiatning-aeiisg setauinaients {gloopsévenakpse, medbhigher polysaccharides)

were Some“me%lsegei%,gﬁ&@ B MAUARE ANSLAGKIENSRes, cacal OGUINBIRDIRRARE, rom cultures of
the Rhodococcus sp, DAP 96622 and I%lhodococcus rhodochrous D§AP 96523 sgrg}iﬁgﬁ) on a suitable

solid medium and inciB &t SRR appropTate terparature (8.g.: la@ﬁéﬁesﬁ)g?tiecu ar embodiments,
cells were grown on RN sgariplates for 4-14 days, preferably 7 days. 5 Alternatively, inocula were
prepared from frozen cell cantenipiesdrbaivpesiios fevine taliarpraises@slfizondentrates were

typically prepared at g.20% GONGSRIEMIAN Q¥RhiNALAESEHE jadnRfaunaaiewa addision, inoculum was
attimes prepareldS frotrzrsledain the practice of the invention. Exemplary flowers of intorest include_ but are not
 limited to roses, carnations, 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, flowers that are sensitive to ethylene are
used in the practice of the invention. Ethylene-sensitive flowers include but are not
20 limited to fiowers from the genera Alstroemeria, Aneomone, Anthurium,
Antirfinum, Aster, Astilbe, Cattleya. Cymbidium, Dallia, Dendrobium, Dianthus,
Fustoma, Freesia, Gerbera, Gypsoplila, Iris, Lathyrus, Lilium, Limonium, Merine,
Rosa, Syringa, Tulipa, and Zinnia. Representative eﬂ:yle:zcvsensitive flowers also.
include those of the families Amarylidaceae, Alliaceae, Convallariacese,
25  Hemerocallidaceae, Hyacinthaceae, Liliaceae, Orchidaceae, Aizoaceae, Cactaceae,
Campanulaceae, Caryophyllaceae, Crassulaceae, Gentianaceae, Malvaceae,
Plumbaginaceae, Portulacaceae, Solanacese, Agavacaea, Asphodelaceae,
Asparagaceae, Begoniaceae, Caprifoliacese, Dipsacaceae, Buphorbiaceae, Fabaceae,
Lamiaceae, Myrtaceae, Onagraceas, Saxifragaceae, and Verbenaceae, See, for
30 example, Van Doom (2002) Annals of Botany 89:375-383; Van Doormn (2002) Annals
of Botany 89:689-693; and Elgar {1998) “Cut Flowers and Foliage - Cooling

Regquirements and Temperature Management” at
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suitable biphasic medium (i.e., a combination of liquid medium overlaying a solid medium of the same
or different composition). When a biphasic medium was used, 10 the medium generally contained
YEMEA in both the liquid and solid layers.  For induction of nitrite hydratasc, at t=0 hour, sterile

- CoC12.6H20 and urea were added to achieve concentrations of 5-200 ppm of CoC12 and 750 mg/I -
10 gll of urea, with 10-50 ppm Co02 and 7500 mg/1- 7.5 g/1 urea generally preferred. In a particular
embodiment, urea and/or cobalt were added again during the fermentation. 15 For example, an
equivalent volume of urea and 150 ppm CoC12 were added at 4 - 6 hours or at 24- 30 hours. In
addition to urea, a final concentration of 300 - 500 ppm of acrylonitrile/acetonitrile or 0.1 M - 0.2 M

asparagine was addéﬂ@l"éﬁ\ﬁ@%‘%ﬁ“ﬁ?&s%ﬁ%ﬁﬁﬁf@%@@ﬁﬁfﬁ@%ﬁﬁﬁ%“s“ﬁﬁa%%(’HI‘?%I fermentation
runs were terminatedofviideh eelbaviiseancdrens yrrefgoreénthaiti engelye idctiede ptdble, typically at 24-96

hours. 20The cells wege thensharvasiad by ARYiaceariakleoatpaddngludingaut not limited to batch
or continuous centrifu 1gvatlon (g ’ﬁfﬁ% a&gbgjgé!trmuogg s%skeﬂe p'?sﬂn% \g%qevté ﬁgﬁgeﬁged to a 20X
ita

concentrated volume in a sui fer suc ggosphate buffered saline (PBS)
supplemented wifh tHEeRdRTIrs & Befipd tHd RINHERIS A pHEtes ¢ AV EBREE rates were then
frozen, particularly byrapie-2bcl eedpogng orercoslstvdreistored at -20C-80C or under liquid nitrogen

for later use. Description ofhgHgﬂg@aMggi@ﬂﬁ&@léwégjgme(s%@ﬁiﬁ%ﬁggwﬂ@ag&eIdreich (1985).Appl.
“ Environ. Microbiol. 49:1-7. (? edalfto S(gu?g)rote se.Pe plone gg,o <o) %agamywo acids0.5¢g
5E8 (I8Ci08 crein Elnogs ik

COMm zncd Wl
Glucose0.5g appare
apparatuses for delaying a plant development process, particularly those processes

10 geverally associated with increased ethylene biosynthesis (e.g., fruit/vegetable
ripening, flower senescence, and leaf abscission). Moreover, as described above,
increased ethylene production kas also been observed during atiack of plants or plant
iaarts by pathogenic organisms. Accordingly, the methods and apparatuses of the
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

Hmnitation:

EXPERIMENTAL
The present invention will now be described with specific reference to various
20 examples. The following examples are pot intended to be limiting of the invention

and are rather provided as.exemplary embodiments.

Example 1: Delayed Fruit Ripening Following Bxposure to Induced Rhodococcus
SEE.

25 Rhodococeus spp. cells induced With asparagine, acrylonitrile, or acetonitrile
were immobilized in a ghitaraldebyde-cross-linked matrix of DEAE-cellulose.
Methods of inducing cells and preparing the above matrix are described berein below
in greater detail.

The cross-linked DEAE-cellulose catalyst maizix 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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Soluble starch0.5g K211P040.3g 10 MgS0O47H200.05g Sodium Pyruvate0.3g DI or dist H201.0 liter
R3A Medium (See Reasoner and Geldreich, supra.) 15 Yeast Extractl.0g Proteose Peptone #31.0g
Casamino acids1.0g Glucosel.0g 20Soluble starch1.0g K211P0O40.6g Mg304'7H200.1g Sodium
Pyruvate0.5g DI or dist 11201.0 liter

10

15

20

25

30

paper bags were retained at room temperature, and the produce was observed daily for
signs of fruit ripening and degradation.

All produce exposed to the catalyst matrix displayed significant delays in fruit
ripening. In particular, the firmness and skin integrity of the peaches was maintained
longer in the presence of the catalyst matrix. Similaxly, with the bananas, the
appearance of brown spots was delayed and the firmness retained longer relative to

the negative controls,

Example 2: General Fermentation and Induction Protocols
Fermentation process
The following general protocols and culture media were utilized for

fermentation of the Rhodococeus spp. straing Rhodococcus sp. DAP 96622 and

_Rhodocoécus rhodochrous DAP 96523 for use in other experiments:

Fermentation vessels were configured with probes to measure dissolved
oxygen (DO) and pH, as well as with sampling devices to measure glucose
concentration (off-line). Additional ports were used to add correctives (¢.g., acid,
base, or anfifoam), inducers, nutrients and supplements. Previously cleaned vessels
were sterilized in-place. A suitable base medium (1 or 1.5X) R2A or R3A was uscd.
The specific components of these culture media are set forth below. Certain
substitutions to the contents of the media were made in certain experiments. For
example, Proflo® (Trader's Protein, Memphis, TIN) was at times used in place of the
proteose peptone and/or casamino acids. Moreover, in certain sxperiments, Hy-
Cotton 78037 {Quest International, Hoffman Estates, IL.), Cottonseed Hydrolysate,
Cottonseed Hydrolysate-Ultrafiltered (Marcor Devolpment Corp., Carlstadt, NJ} was
used in place of the Proflo® (Trader's Protein, Memphis, TN).

A feed profile for nutrient supplementation was set to gradually replace the
R2A or R3A base medium with a richer medium, namely 2X YEMEA, the
components of which are also described in greater detail below. Other optional
nutrient supplements included maltose 50% (w/v) and dextrose 50% (w/v).
Commercial products containing dextrose equivalents (ghicose, maltose, and higher

polysaccharides) were sometimes used in place of maltose and dextrose,
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25 YEMEA Medium Yeast Extract Malt Extract 30 Glucose DI or dist 1i20 1X2X 4.0g8.0g 10.0
g20.0g 4.0g8.0g 1.0 liter1.0 liter Induction 35The following general protocol was utilized for induction
of the Rhodococcus spp. strains Rhodococcus sp. DAP 96622 and Rhodococcus rhodochrous DAP
96523:  Volatile inducer liquids (e.g., acrylonitrileacetonintile) 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 autoclaved and cooled to 40C before the. liguid indu
' Inocula were prepared from cultures of the Rhodococcus sp. DAP © g 2%11& cer

Rhodococcus rhodochrous DAP 96523 strains on a suitable solid medium and
incubated at their appropriate temperature (e.g., 30°C). In particular embodiments,
cells were grown on YEMEA agar plates for 4-14 days, preferably 7 days.
5  Alternatively, inocula were prepared from frozen cell concentrates from previous

formentation rans. Cell concentrates were typically prepared at a 20 concentration
over that present in the fermenter. In addition, inoculum was at times prepared from a
suitable biphasic medium (i.e., a combination of liquid medium overlaying a solid
medium of the same or different composition). When a biphasic medium was used,

10  the medium generally contained YEMEA in both the liguid and solid layers.

For induction of nitrile hydratase, at t=0 hour, sterile CoCly"6H;0 and urea
were added to achieve concentrations of 5-200 ppin of CoCl and 750 mg/1 - 10 g/l of
urea, with 10-50 ppm CoCl and 7500 mg/l - 7.5 g/l urea generally preferred. Ina
particular embodiment, urea and/or cobalt were added again during the fermentation.

15  For example, an squivalent volame of urea and 150 ppm CoCl w;zre added at4 -6
Bours or at 24 — 30 hours. In addition to urea, a final concentration of 300 — 500 ppm
of acrylonitrile/acetonitrile or 0.1 M ~ 0.2 M asparaginé was édded step-wise or ata
constant rate, beginning at various times. The fermentation runs were terminated
when cell mass and enzyme concentrations were acceptable, typically at 24-96 houss.

20 The cells were then harvested by any acceptabie method, including but not
limited to baich or continuous centrifugation, decanting, or filtration. Harvested cells
were resuspended to & 20X concentrated volumne in a 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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was added. Typical concentrations for inducers of interest were: 500 ppm acrylonitrile/acetonitrile; 500
ppm asparagine/glutamine; and 50 ppm suecinonittile. Cells were then grown on specified media and
further analyzed for particular enzymatic activities and biomass. 5 Example 3. Analysis of Nitrite
Hydratase, Amidase, and Aspamginase Activity and Biomass in Asparagine-Induced Rhodococcus
spp. Cells Nitrite hydratase, amidase, and asparagirtase activity and biomass were 10 assessed in
asparagine-induced cells from the Rhodococcus spy. strains Rhodococcus sp. DAP 96622 and
Rhodococcus rhodochrous DAP 96523. Various modifications to culture media components, the
administration methods, rates, and concentrations of asparagine provided to the cells, and the source
of the cells were ana@%@%ﬁﬁ@?&%@éﬁ%@iﬁ]eir effects on the activities of the above enzymes and on
biomass. 15SectionsBaAfMedigh ScoRthisnEbearipiblecb (IS tHerb pevificsidreach $&1-Ghtest conditions
and provide a sununary of the enzymatic activities and biomasses obtained under each the specified
conditions. A.Essoentié e?gi‘;ba@%%g gd above in Egééwple 2, a 20-liter fomenter 20 inoculated using
cells of Rhodococcusjggdg&ﬁr@ys AP 96253 hafygsted from solid medium was continuously
supplemented with th@uggdeicer asparagine (120 pd/pginute of a 0.2 M solution). Hy-Cotton 7803(r) was
used in place of the prdteesepeptone #3 in the RBAmedium described above. At the end of the
fermentation run, acr: ile-specific nitrite hydrdtdge activity, arnidase activity, and biomass were 25
measured in acddrda %Eﬂ’gtandard technique§ kifown in the art. The results for nitrile

.. O VAL . ' . . . e ey
hydratase activity, a Sagiyity, and biomass g_(éi rovided below in Table 3, with activities
provided in units/mg cdw (cell dry weight). One unit of nitrite hydratase activity relates to the ability to
convert 1 'mot of acriibhividéine (ssedbmespondifgdansidesperiminute, per milligram of cells (thy 30
weight) at pH 7.8%and a temperature of 30C. One unit of amidase activity relates to the ability to
convert 1 gmol of aeﬁ/@i’irﬁeﬁ :f its gorrespondingI id per minute, per milligram of cells (dry weight)
pH of 7.0 and a tempeaiLie é Biomass is r@]@grted as cells packed in WI ea (cell wet weight).

Glucose 1.0g
20 Soluble starch 1.0g
KoHPO, 0.6z
MgS0,7H,0 0.1g
Sodium Pyruvaie 0.5g
DI or dist Hx0 1.0 liter
25
YEMEBA Mediwmn
: 1X 2X
Yeast Fxtract 4.0g R.0g
Malt Extract 100g 200
30 Glucose 4.0g 8.0g
DI or dist H;O 1.0 liter 1.0 liter
Induction
35 The following general protocol was wlilized for induction of the Rhodococcus

spp. strains Rhodococeus sp. DAP 96622 and Rhodococcus rhodochrous DAP 96523: .
Volatile inducer lHquids (e.g., acrylenitrite/acetonitrile) were added
volumetrically as filter-sterilized liquid inducers based upon the density of the
particular Hquid inducer. In the cése of solid inducers (e.g., asparagine/glatamine),
40 the solids were weighed and added directly to the culture mediwm. The resulting
media were auioclaved. When filter-sterilized liguid inducers wers utilized, the

culture medinm alone was autoclaved and cooled to 40°C before the liquid inducer
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Table 3: Enzymatic Activities and Biomass of Rhodococcus rhodochrous DAP 96523 Cells Following
Induction with Asparagine 168236 5 B.Essentially as described above in Example 3A, with changes
to the medium as noted below, enzymatic activities and biomass were assessed with 1?hodococcus
rhodochrous DAP 96523 cells. In particular, YEMEA, dextrose or maltose was added to a modified
R3A medium, further containing Hy-Cotton 78030 10 substituted for the proteose peptone #3 A 0.2 M
solution of asparagine was added at a continuous rate of 120 pi/minute beginning at tr-8hours. At the
end of the fermentation ran, acrylonitrile-specific until hydratase activity, amidase activity, and biomass
were measured. Results are summarized in Table 4. Increased biomass yield was observed with the
addition of YEMEA, duktésa, drnnsliteseer e fHetine=1s fipr were A%/ ARAtc Activities and Biomass
ofEhodococcus rhodeshiniits1AR86823C elts: FpHowing Centinued st pductiomwithilAsparagine

155652 Cells were then grown on specified media and fusther analyzed for particular

-enzymatic activities and biomass.

Example 3: Analysis of Nitrile Hydratase, Amidase, and Asparaginage Activity and
Biomass in Asparagine-Induced Rhodococeus spp. Cells

Nitrile hydratase, amidase, amnd asparaginase activity and biomass were

10 assessed in asparagine-induced cells from the Riodococcus spp. strains Rhodococous
sp. DAY 96622 and Rhodococcus rhodochrous DAP 96523. Various modifications to
culture media components, the administration methods, rates, and concentrations of
asparagine provided fo the cells, and the source of the cells were analyzed with
respect to their effects on the activities of the above enzymes and oa biomass.

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

under each the specified conditions,

A, Essentially as described above in Example 2, a 20-liter fermenter
20 inoculated using cells of Rhodococcus 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 7 803% was used in place of the proteose peptone #3
it the R3A medium dcsqﬂbed ghove. At the end of the fermentation run,
acrylonitrile-specific nitrile kydratase 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 {cell dry weight).
Oxe unit of nitrile Irydratase activity 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 temperature of 30°C. One unit of amidase activity relates to
the ability to convert 1 punol of acrylamide to its corresponding acid per minute, per
milligram of cells (dry weight) pH of 7.0 and a temperature of 30°C. Bioﬁass is

reported as cells packed in g/l cww (cell wet weight).
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20C.Rhodococcus sp. DAP 96622 cells from solid medium were used as the source of the inoculum
for a 20-liter fermentation run (see Example 2 for details of fermentation process). A 0.2 M solution of
asparagine was added semi-continuously every 6 hours, beginning at t-24 hours, for 50-70 minutes at
a rate of 2 nil/minute, Hy-Cotton 78036 was used in place of the proteose peptone #3 in a modified
R3A 25medium. At the end of the fermentation run, acrylonitrilc-specific nitride hydratasc activity,
amidase activity, and biomass were measured. The results are summarized in Table 5. Table .5:
Enzymatic Activities and Biomass of Rhodococcus sp. DAP 96622 Cells Following Semi-Continuous
Induction wi h Asparag ne 172244 5D.Rhodococcus sp. DAP 96622 cells from solid medium were
used as the source of 8 fHdeamifiddr & e- ﬁ’[’élﬂf@’ﬁ‘fféﬁfgf’i’f%l“’ﬁ\%* PrAesBienidir b4 paragine was
added semi-continuously every 6 hout&" %eé‘%‘ﬁfﬁdngf‘ 'f“ﬁ l%ursp ‘fd’lg'i’ﬁ 85 minutes at a rate of 2.5
mllminute. Cotton Seed |}y 5 ] : mErEEin a modified R3A

wdiiha

medium. At the end of th , . HH activity, amidase
activity, and biomass were measuredg and the results are summarlzed in ﬂ'&ible 6. Table 6: Enzymatic
Activities and Biomass of Rhodococcus sp. DAP 96622 Cells Following Semi-Continuous Induction
with Asparagine
B. Tssentially as described above in Example 3A, with changes to the
medium ag 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, furdher containing Hy-Cotton 7303®
10 substituted for the proteose peptone #3. A 0.2 M solution of asparagine was added at
a continuons rate of 120 pl/minute beginning at t=8hours. At the end of the
fermentation run, 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 Asparagine
20 C. Rhodococcus sp. DAP 96622 cells from solid medium were used as the

source of the inoculum for a 20-liter fermentation run (see Example 2 for details of
fermentation process). A 0.2 M solution of asparagine was added semi-continuousty
every 6 hours, beginning at t=24 hours, for 50-70 minutes at a rate of 2 mi/minute.
Hy-Cotton 7803® was used in place of the proteose peptone #3 in a modified R3A

25  medium. At ihe end of the fermentation 1us, acrylositrile-specific nitrile hydratase
activity, amidase activity, and biomass were measnred. The results are summarized in

' Table 5.
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15 E.Previously frozen Rhodococcus rhodochrous DAP 96253 cells were used as the source of the
inoculum for a 20-liter fermentation run. YEMEA, dextrose, or maltose was added to a modified R3A
medium that further contained Hy-Cotton 20 7803(r) as a substitute for proteose peptone #3. A 0.15 M
solution of asparagine was added at a continuous rate of 120 1d/minute beginning at t-8 hours. At the
end of the fermentation am, acrylonitrile-specific nitrile hydratase activity, amidase activity, and
biomass were measured. Results are summarized in Table 7. 25Table 7: Enzymatic Activities and
Biomass of Rhodococcus rhodochrous DAP 96523 Cells Following Continuous Induction with
Asparagine 71474 28 F.Rhodococcus rhodochrous DAP 96253 cells grown on b|p aS|c medium were
used as the source of Tﬁ@é&tﬁ?ﬂﬁ’fﬁcfﬁg E’ffﬂ(é)ﬁl‘é}‘l dﬁ’ne@PRgfﬂzm% ium was used that
61' - ORITIIUQUS (IF(Y,
was supplemented by the addltlon o}y drate dextrose, or maltose) and further
containing Cottonseed T RIETTe T i pilEblution of asparagine
was added at acontlnu I5 B i {74 aini B ) Ife end of the
fermentation run, acrylonltrlle spec;tl:q: nltrlle hydratase act|V|ty, anudase a¢t|V|ty, asparaginase |
activity, and biomass were measured. The results are summarized in Table 8. 10 table 8: Enzymatic

Activities and Bigmass of Rhodggogensthodeahrass RAR KGR 23iEalakPiewiRgGoatinuous Induction

with Asparagine

source of the inoculum for a 20-Jiter fermenter run. A 0.2 M solution of asparagine
was added semi-continously every 6 hours, beginning at =12 hours, for 12-85
minutes at a rate of 2.5 ml/minute. Cotton Seed Hydrolysate was used in place of the
proteose peplone #3 in a modified RIA medium. At the end of the fermentation run,
10 acrylonitrile-specific nitrile hydratase activity, amidase activity, and biomass were

measuted, and the results are summarized in Table 6.

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

15

E. Previously frozen Rhodococcus rhodochrous DAP 96253 cells wore
used as the source of the inoculum for a 20-liter fermentation run, YEMEA, dexirose,
or maltose was added fo a modified R3A medium that further contained Hy-Cotton

20  7803® as a substitute for proteose peptone #3. A 0.15 M solution of asparagine was
added at a continnous rate of 120 pl/minute beginning at t=8 hours. At the end of the
fermentation Tun, acrylonitrile-specific nitrile hydratase activily, amidase aclivity, and

biomass were measured. Results are sammarized in Table 7.

95 Table 7: Enzymatic Activities and Biomass of Rhodocaccus rhodochrous DAP 96523
Cells Following Continuous Induction with Asparagine
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F. Rhodococcus rhodochrous DAY 96253 cells grown on biphasic
medivm were wsed as the source of inoculum for a 20-liter fermentation rum. A
modified R3 A mediuvm was used that was supplemented by the addition of a
carbohydrate (i.e., YEMEA, dextrose, or maltose) and further containing Cottonseed
5 Hydrolysate in place of proteose peptone #3. A 0.15 M solution of asparagine was
added at a continuous rate of 1000 pl/minute beginning at =10 hours. At the end of
the fermentaiion run, acrylonitrile-specific nitrile hydratase activity, amidase activity,

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

Table 8.
10 |
Table 8: Enzymatic Activities and Biomass of Rhodococcus rhodochrous DAP 96523
Cells Following Continuous Induction with Asparagine
159 22 16 16
15 G. Rhodococeus rhodochrous DAP 96253 cells grown on biphasic

medium were used as the source of inoculum for a 20-liter fermentation run, A
modified R3A medium was used that coniained matltose {in place of dextrose) and
Hy-Cetion 7803® as a substitute for proteose peptone #3, A 0.15 M solution of
asparagine was added at a continuous rate of 476 pl/minute beginning at t=8 hours.
20 At the end of the fermentation run, acrylonitrile-specific nitrile luydratase activity,
amidase activity, and biomass were maeasured, and the results are surumarized in

Table 9.

Table §: Enzymatic dctivities and Biomass of Rhodococeus rh odochrous DAP 96523
25 Cells Following Continuous Induction with Asparagine

diteeit yfi
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Example 4: Inmobilization of Rhodococcus spp. Cells in DEAB-Cellulose Cross-
Linked with Glutaraldehyde

A modified process derived from the methods described in U.S. Patent No.
4,229,536 and in Lopez-Gallego ef al. (2005) J. Biotechnol. 119:70-75 is used to
immeobilize Rhodococcus spp. cells in » matrix comprising glutaraldehyde cross-
linked DEAE-cellulose.

Preparation of cells

Rhodocoecus cells are grown in an appropriate culture medium (..,
YEMFEA-maliose -+ inducers, biphasic cultures, etc.) and harvested by centrifugation
4t 8,000 rpm for 10 minutes. The resulting cell pellet is resuspended in 100 ml of 50

“mM phosphate buffer (pH 7.2) and centrifuged at 8,000 rpm for 10 minutes. This

process of resuspending the cell pellet and centrifuging at 8,000 rpm for 10 minutes is
repeated twice. The packed wet weight (ww) of the final cell sample is noted. The
nitrile hydratsse activity of a smail sample of the cells is performed to assess the

enzymatic activity of the whole cells,

Immobilization of Cells

As amount of DEAE-cellulose equivalent to that of the harvested
Rhodococeus spp. cells is obtained, and the cells and the DEAE-cellulose are
resuspended in 100 ml of dejonized H2O. A volume of 2 25% solution of
glutaraldehyde sufficient to achieve a final concentration of 0.5% is added with
stirring to the mixture of cells/DEAE-cellulose. The mixture is stirred for 1 hour,
after which 400 ml of deionized HoO is added with further mixing. While stirzing,
50% (by weight solution) of polyethylenimine (PEL; MW 750,000) is added. Stirring
proceeds natil flocculation is completed. The floceulated mixture is filtered and

extruded frough a syringe of appropriate size. The immobilized cells are broken up

into small pieces, dried overnight, and cut into granules of approximately 2-3 mm

prior {0 use.
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159221616 15G.Rhodococcus rhodochrous DAP 96253 cells grown on biphasic medium were used as
the source of inoculum for a 20-liter fermentation um. A modified R3A medium was used that
contained maltose (in place of dextrose) and Hy-Cotton 7803(r) as a substitute for proteose peptone
43. A 0,15 M solution of asparagiue was added at a continuous rate of 476 p1l/minute beginning at 1-8
hours. 20 At the end of the fermentation run, acrylonitrile-specific nitrile hydratase activity, amidase
activity, and biomass were measured, mid the results are summarized in Table 9. rizble 9:
Enzymatic Activities and Biomass of Rhodococcus rhodochrous DAP 96523 25Cells Following
Continuous Induction with i | e'gﬂ(@‘ﬁfé{]d&g CUs spy. Cells in
DEAE-Cellulose Cross= ) Gl aideiode A MQUfE0IGCess derfved from the methods
described in U.S. Patent No. 5 4,229,536 and in Lopez-Gallego et al. (2005)J. Btotechnol. 119:70-75 is
used to immobilize Rhodacgacus sppecalis: ituenminidiResoibgrisiBerigl(ta§aldetlyde cross-linked

DEAE-cellulose.sPrapgration o, sedadQRRSINCOGE WA AN AER-HHONE, N AN aRByopriate culture medium
(e.g., YEMEA-maltose inducers, biphasic cult etc.) and haryested centg)iﬂ.l ation at 8,000 rpm
for 10 minutes. The YRRIfHG & gjﬂeE;re%Fs%rlé %Lsiji:ﬁﬁ%e%ggé %‘rd?}%]%aéhfﬁf\{iifl erﬁﬁi%%%sﬁ%ate buffer (pH 7.2)
and centrifuged at 8f30@ rprrrforrl PRI GISEPHIS PHScess of resuspending the cell pellet and

centrifuging at 8,000 rpm for 10 minutes is 15 repeated twice. The packed wet weight (ww) of the final

cell sample is notedpjeggmﬁm of cells

o 21

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

Immobilization of Cells

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

alginate in 24 ml 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 to a
final volumre of 50 ml m 50 mM Tris-HCl (pH 7.2) and then added to the sodium
alginate solution with stirring. The resuliing beads are extruded through a 27-gauge
needle into 500 mi of a 0.1 M CaCl, solution. The needle is generally placed

20 | approximately two inches above the solution to prevent ajr entry ito the beads and to
prevent sticking of the beads. The beads are cared for 1 hour in the CaCl; solution,

and the beads are then rinsed with water and stored at 4°C ina 0.1 M CaCl, solution

prior to use.

25 Hardening of Calcium dlginate 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 50% PELin a 0.1 M CaCl, solution). The pif of the
final solution is adjusted to 7.0 with HCI or NaOH, if necessary, and the beads are
30 incubated for 24 hours. The beads are then rinsed with water and stored at4°Cina

0.1 M CaCl, solution prior to use.
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nitrite hydratase activity of a small 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 cellssDEAF-cellulose. The mixture is
stirred for 1 hour, 25 after which 400 ml of deionized 1120 is added with further mixing. While stirring,
50% (by weight solution) of polyethylenimine (PEI; MW 750,000) is added. Stirring proceeds until
flocculation is completed: The flocculated mixture is filtered and extruded through a syringe of
appropriate size. The immbbitizeftntoarasg ke iy s Lhnhibpiucaionigdsvdiitiht, and cut into
granules of approximeitetyn2-8 mind 80prigriiedisée Exarmpic BrelrinvobitizativhivbRisgckeocetts spy.

Cells in Calcium AlgipgieRachHg! E&@mﬁlgsgﬁ&@l@&uﬂm@}e@&ﬁﬁﬁmﬁﬁn@rmwﬁmw from the
method described in Bucge g%%]?a)[ CellmSn t%(r}nmatlgeplll%gt\LJ ']&Qﬁqﬂlo Sp%gp‘%bodgnlé/llﬁthods in

Enzymology, Vol. 13%8( emic ess Diego, Ca| ornia; Mo ed,) is used to
immobilize Rhod6coétﬁ‘ﬁ’§5§i‘)W%@@?ﬁ@ﬁ%ﬁ%ﬁ%@nﬁ%ﬁﬁ?ﬁﬂﬁ%@gﬁl?fﬁﬂ‘?@cﬁﬁodococcus spp.
cells are prepared astigschibed-abtbesipEsaimiplesd Although specific terms are employed

herein, they are used in a generic and descriptive sense only and not for purposes of

limifation.
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Inzmobilization of Cells 25 g of a 4% sodium alginate solution is produced by dissolving 1 g of sodium
alginate in 24 ml of 50 mM Tris-HC1 (pH 7.2). 25 rag of sodium metaperiodate is 15added to the
alginate solution and stirred at 25C for 1 hour or until the alginate is completely dissolved. The cells
prepared as described above are resuspended to a final volume of 50 ml in 50 niM Tris-HC1 (pH 7.2)
and then added to the sodium alginate solution with stirring. The resulting beads are extruded through
a 27-gauge needle into 500 ml of a 0.1 M CaCl2 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 CaCl2 solution, and the beads are then rinsed with
water and stored at 4C in a 0.1 M CaCh sBAABDWEKST 1® TseMEHardening of Calcium Alginate Beads
Comprising Plrodococcus spp. Cells The calcium alginate beads prepared as outlined above may

be further strengthened by, cross;lin kllng IEWl Cl,Ig%lg Jé}gnp(%@%ﬁ{%%ggﬁ%%gs%é of 0.5% PElina 0.1

M CaCl2 solution (20 g of 50% [inal solution). The pH of the final solution is adjusted
to 7.0 with HC1 or N&BHE HleessaR Bﬂb“iﬁ@eﬁéﬁ’ﬂ?mg% |W16‘(‘56‘51‘88Wr°ﬂf‘?f8urs The beads are
then rinsed with watéranid storédted H@hifrez®rp MGaGd pfsBhdiorpriomtolvgaomonaMany

modifications and othgr,emhedinanisshihenrratians setiatitkensinoyiheomesomaind to one skilled

in the art to which these inventions. Eertam h%vm& thle lgg afit e teachings.presented in the
foregoing descrlptlons %ereefore itis 10 c(’ascundere?oE'L(IJid that the %hel%nvgﬁtlongyare not to be limited to the

specific embodiment&Bieaisacl SRR fications and other embodiments are intended to be
included within the scope of the appended claims. Although specific terms are employed herein, they

are used in a generic and glescrifivg.seRsecRRly1angnrot forcpurpasesaidimitaion. THAT WHICH IS

CLAIMED: Rhodococcus spp.

3. The method of ¢laim 2, wherein the Rhodococcus spp. includes
Rhodococcus rhodochrous DAP 96253 strain, Rhodococcus sp. DAP 96622 sirain,

Rhodococcus erythropolis, or mixtures thereof,
4. The method of claim 1, 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.

3. The method of claim 4, wherein the one or more bacteria are induced

by exposure lo asparagine.

6. The method of claiin 4, wherdin the one or more bacteria are induced

by exposure to asparagine, cobalt, and urea.

7. The method of ¢laim 1, wherein the plant or plant part is indirectly

exposed {o 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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1. A method for delaying a plant development process comprising exposing a plant or plant part to one
or more bacteria, wherein the one or more bacteria are selected from the group consisting of
Rhodococcus spp., Pseudomonas chloroaphis, Brevibacterium ketoglutatnicum, 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. 2. The method of claim I, wherein the one or more bacteria
include Rhodococcus spp. The method of claim 2, wherein the Rhbdococcus spp. includes
Rhodococcus rhodochrous DAP 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
induced by exposure to aninduchigagdelaiimd FHBRPiRE ol EsReRRy SFLE faihgine,
glutamine, cobalt, ureayatiiixperias. thereof 5. 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 Ry exposure ggoq\ég%eﬁg%%&ggglﬁﬁpgﬂygggﬁnit 7_. The method of claim I,

wherein the plant or plant part is indirectly exposed to the one or'more bacteria, 8. The method of
claim I, wherein the plant or plant part is directly exposed to the one or more bacteria. 9. The
method of claim 1, whereintihe plantdbydidpinieritprborsstis fruiitor diegetalol&wipening. 10. The
method of claim 9, wherein the plant part is a fruit. 11. The method of claim 10, wherein the fruit is

a climacteric fruit. 12. The method of claim. 1 Wt}ereinﬂth .climact rixr_‘.f,ru i§ §§!e§ted from the
group consisting of banana%g, pegéﬁlélgi,ggdrfo gri\g/lt%gdgsl.mm 13, |earcrt16entcﬁo of Sg%fnﬁ 1(5), wherein the fruit
is a nonclimacterie frifit 2ovPPansi s QMM BARIRSAEN the plant part is a vegetable.  15.

The method of claim 1, wherein the plant part is a flower and the plant development process is flower
senescence. 13.  The method of claim 10, wherein the fruit is & nonclimacteric fruit,

14, The method of claim 9, wherein the plant part is a vegetable.

15. The method of claim 1, wherein the plant part is & flower and the plant

development process is flower senescence,

16.  The method of claim 15, wherein the flower is & carnation, rose,

orchid, portulaca, malva, or begoaia.

17.  The method of claim 1, whetein the plant development process is leat

abscission.

18.  Anapparalus for delaying a plant development process comprising a
catalyst that comprises one or more bacteria sclected from the group consisting of
Rhodococcus spp., Pseudomonas chloroaphis, Brevibacterium ketoglutamicum, and
mixtures thereof, wherein the one or more bacteria are provided in a quantity

sufficient to delay the plant development process.

19.  The apparatus of claim 18, wherein the one or more bacteria include

Rhiodacoceus spp.
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16. The method of claim 15, wherein the flower is a carnation, rose, orchid, pottulaca, malva, or
begonia. 17. The method of claim 1, wherein the plant development process is leaf abscission.

18. 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., Pseudomonas chloroaphis,
Brew bacterium Icetoglutamicum, and mixtures thereof, wherein the one or more bacteria are provided
in a quantity sufficient to delay the plant development process. 19. The apparatus of claim 18,
wherein the one or more bacteria include Rhodococcus spp. 20. The apparatus of claim 19,
wherein the Rhodococcus spp. includes Rhodococcus rhodochrous DAP 96253 strain, Rhodococcus
sp. DAP 96622 strain, Rha8ocottt @t bt By risiairdes thfwrisesccus sl inthdenpparatus of claim
18, wherein the one ®ioHore-hatteticane nduresh bybx Bosire te-an. DARciogagent selected from the
group consisting of agparaging gamine, cehall, weeas and mixtures thereof, 22. The apparatus of
claim 18, wherein the plant development process is selected from the group consisting of fruit or
vegetable ripening, flower senescence, and leaf abscission. 23. The apparatus of claim 18,
wherein the one or more Fdcteridaferittichiizan!h Eatit ke prsirgeiedssinked DEAF-cellulose,
a matrix comprising algirale, &osatsio compising eashgeaic magiog ompsisingr cross-linked alginate,
a matrix comprising grassslinked.caragean./Mali amMAHSing polyacryltunide, or calcium alginate
beads. 24. The apparatus of claim 23, wherein the matrix comprises cross-linked DEAE-celltdose,
wherein the DEAF-cellulose is cross-linked with glutaraldehyde. 25. The apparatus of claim 18,
wherein the catalyst is preSent g watys phibiuie (e rsadhsadatde yslagpenionossesdtiixed to a physical
structure. 26. Thelapparaiuscqfralavmd8infwtiel comprisifgipetapirohdesoaanst exposure of the
catalyst to a plant or,planl Ratio2 /- 1he apparatus of claim 18, further comprising a monitoring
device for onitoring the efficacy of the catalyst in delaying the plant development process. 28. The
apparatus of claim 25, wherein the physical structure is selected from the group consisting of a film,
sheet, coating layer, a sloffed chapipereisbslatngdduchsrein e dsagr more pepterlaarapparatus of claim 25,
wherein the catalystimadiliecéanhewramomediandoeplides Orith aiseaencheatalyst module.

comprising alginate, a matrix comprising carrageen, a matrix comprising cross-linked
alginate, 4 matrin comprising cross-linked carrageen, a malrix comprising

polyacrylamide, or caleium alginate beads.

24, Tho apparatus of claim 23, wherein the matrix comprises cross-linked
DEAE-cellulose, wherein the DEAE-cellulose is cross-linked with ghutaraldehyde.

25.  The apparatus of claim 18, wherein the catalyst is present in & catalyst

module that is placed in, placed on, or affixed to a physical structure.

26.  The apparatus of claim 18, further comprising a control device to

adjust exposure of the catalyst to a plant or plast part.

27.  The apparatus of claim 18, firther comprising a monitoring device for

monitoring the efficacy of the catalyst in delaying the plant development process.
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30. The apparatus of claim 25, wherein more than one catalyst module is placed in, placed on, or
affixed to the physical structure. 31. The apparatus of claim 25, wherein the physical structure
permits air flow into the catalyst module. 32. The apparatus of claim 31, further comprising an
element for controlling the air flow into the catalyst module. 33. The apparatus of claim 25, wherein
the physical structure is provided as a refrigerated structure. 34. The apparatus of claim 25, further
comprising an element for controlling the moisture level in the physical structure. 35. The
apparatus of claim 25, further comprising an element for regulating the carbon dioxide level in the
physical structure. 36. An air-permeable catalyst apparatus for delaying a plant development
process comprising; a first fayer; T° 2gPeas hclaiiet idert Geabsied R e &Ry one or more
bacteria selected fronfrdrdbgyenp consistarg OliRhbdocoedusiapp ; Peeddombmastokleroaphis,
Brevibacterium ketogjstamieyRa.@nd mixtures thereof, wherein the one or more bacteria are provided
in a quantity sufficient to delay the plant development process; and a third layer;  wherein the

second layer is located between the first and third layers and at least one of said first and third layers

provide structural integrity to'the SFBPARIE 47 9RS A aratEesrelm a8 AR P&in the one or more
bacteria include Rhodvueocdusispplad8 Fitier appat sty dicidin 37, wherein the Rhodococcus spp.
includes ‘

30.  The apparatus cf claim 25, wherein more than one catalyst module is

placed in, placed on, or affixed to the physical structure.

31.  The apparatus of claim 25, wherein the physical structure permits air

flow into the catalyst module,

32. - The apparatus of claim 31, further comprising an element for

controlling the air flow inio the catalyst module.

33.  The apparatus of claim 25, wherein the physical structure is provided
as a refrigerated structure.

34, The apparatus of claim 25, further comprising an element for

controiling the moisture level in the physical structure,

35 The apparatus of claim 25, further comprising an element for. . .

regulating the carbon dioxide level in the physical structure.

36.  Anairpermenble catalyst apparatus for delaying a plant development
process comprising:

a first layer;

a second layer that includes a catalyst comprising one of more bdcteria
selected from the group consisting of Rhodococcus spp., Psendomonas chloroaphis,

Brevibacterium ketoghutamicum, and mixtures thereof, wherein the one or more
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Rhodococcus rhodochrous DAP 96253 strain, Rhodococcus sp. DAP 96622 strain, Rhodococcus e;
ythropol's, or mixtures thereof. 39. The apparatus of claim 36, 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. 40. The apparatus of claim 36, wherein the plant
development process is selected from the group consisting of fruit or vegetable ripening, flower
senescence, and leaf abscission. 41. The catalyst apparatus of claim 36, wherein said third layer
can be removed from said second layer to expose an adhesive layer that can be used to affix the
catalyst apparatus to a separate structure. . 42. The catalyst apparatus of claim 41, wherein said
second layer is said SfE&RF&IRyisted i 2 gupndy suligians & diNHPsRIEbIEImRMSE RipGePein further
comprising a fourth leyer adjacent said third layer that can be removed from said third layer to expose
an adhesive layer that canhgrgiggst;to affix the catalyst structure to a separate structure. 44. The

catalyst apparatus of claim 43, wherein said third | IS sal hesive layer. A45. An
air-permeable bag or pou%lfﬁéclfu%?ﬁa %ﬁ?%e{efrylg%%ég;b%g%a%s%?ag gi%%%QXay%%@ ?gethod for delaying
a plant development' e e iistieniged s grarrarrerpldne piriedraArer?itatic extract of one

or more bacteria selected from the group consisting of kirodococcus spp., Pseudomonas chloroaphis,

Brevibacterium ketoglutamigcum:rghghsviad rgs g smoknsatd hasieriaheingdrdueegdy an inducing

agent selected from Hﬂgdgggup consisting of asparagine, glutamine, cobalt, urea, and mixtures thereof

and said enzymatic extractctge‘?rﬁpgp exposed to the plant or plant part in a quantity sufficient to delay the

plant development process.
38,  The apparatus of claim 37, wherein the Rhodecoccus spp. includes

Rhodococeus rhodochrous DAP 96253 sirain, Rhodococeus sp. DAP 96622 strain,

Rhodoecoceus erythropolis, or mixtures thereof.

39.  The apparatus of claim 36, wherein the one or more bacteria are
induced by exposure to an inducing agent selected from the group consisting of

asparagine, glitamine, cobalt, urea, and mixtures thercof,

40.  The apparatus of claim 36, wherein the plant development process is
selected from the group consisting of fouit or vegetable ripening, flower senescence,

and leaf abscission

41.  The catalyst apparatus of claim 36, wherein said third layer can be
removed from said second layer to expose an adbesive iayer that can be used to.affix

the catalyst apparatus to & separate structure.

42.  The catalyst apparatus of claim 41, wheretn said second layer is said

adhegive layer,
43.  The catalyst apparatus of claim 36, wherem firther comprising a fourth

iayer adjacent said third layer that can be removed from said third iayer to expose an

adhesive layer that can be used to affix the catalyst structure to a separate siructure.
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.44, The catalyst apparatug of claim 43, wherein said third layer is said

adhesive layer,

45.  An air-permedble bag or pouch including the catalyst apparatus of

claim 36.

46. A method for delaying a plant development process comprising
exposing a plant or plant pazt to an enzymatic éxtract' of one or more bacteria selected
from the group consisting of Riredococeus spp., Fseudemonas chloroaphis,
Brevibacterium ketoghutamicum, and mixtures thereof, said bacteria being induced by
an inducing agent selected from the group consisting of asparagine, glutamine, cobalt,
urea, and mixtares thereof and said enzymatic extract being exposed to the plant or

plant part in a quantity sufficient to delay the plant development process,
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