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 ABSTRACT

Transgenrc plants have been explored as a potentlally 1nexpens1ve expressron :

system for recombmant protem productlon However 1mprovement in protem yreld is

o strll the most challenglng problem 11m1t1ng the commercml utlhzatlon of plant express1on
- _systems In thrs study, alfalfa (Medzcago sativa L) somatlc embryo was evaluated as a
| | tlssue for 1ncreased recombmant proteln expressmn Three heterologous genes ﬂ |
‘v | glucuromdase (GUS) cholera foxin B Subunzt (CT B), and human mterleukm 13 (hIL 1 3)

- .were 1ndependently 1ntroduced 1nto alfalfa via Agrobactertum-medrated transformatlon ‘

' Induced alfalfa somatrc embryos store approxrmately two-fold more ectoplcally‘ '

N
s

expressed protems (as a percentage of total soluble protem) than vegetatlve organs such

as roots stems and leaves ‘The forelgn protems CTB and hIL-13 could accumulate up to

| 70 15% and 0 18% of total soluble protem in alfalfa somat1c embryos respectlvely These :

o accumulate heterologous protems. e

results 1ndlcate that alfalfa somatlc embryos can serve as an efﬁment expressmn system |

© Keywords: molecular farming, recombinant protein production, somatic embryos,

 alfalfa, B-glucuronidase, cholera toxin B subunit, human interleukin 13
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- (Namasrvayam 2007)

' CHAPTER 1-INTRODUCTION
1.1 Plant growth and product accumulation ,
Plants are essential to the survival of our planet: to its ecology, biodiversity, and
| cliin_ate. They. help to maintain human‘health:by providing the _basis .for‘nutrition, sh_elter,
- clothing, and energy (Mccormickv and 'Tjian 2010). Most plants initiate their development
= from seeds, which are typrcally composed of seed coats, embryos and endosperms After |
: gerrnmatlon embryos will grow 1nto mature plants wh1ch are made up of three basrc
L organS' roots, stems, and leaves Leaves provrde an essentral structure for photosynthesrs,.
the only process of convertmg the sun’s radrant energy 1nto orgamc chemrcal energy

i sources such as glucose whrle roots and stems respectlvely absorb and transport drfferent

chemrcals for plant growth Seeds are formed from the reproductrve shoot or ﬂower ,

:completmg the hfe cycle i in seed plants (Campbell and Reece 2005) Somatlc embryos, | g e

.resultlng from asexual reproductron, can act as an alternative mean of propagating plants. -

. , \ ,
The process of photosynthe31s can be d1v1ded into two main parts the llght |

“reactlons‘and the carbon reactrons. In thellght reactrons,' light energy from‘the,s_un_ is

o absorbed and used 10 drive the generation of adenoSine-S'-tripho'sphate (ATP) and_ o

= reduced nlcotrnam1de adenme dlnucleotrde phosphate (NADPH) The carbon reactlons

o catalyzrng the reductlon of COz to carbohydrates are coupled w1th the consumptron of

n ,ATP and NADPH The carbohydrates synthesrzed can serve multlple functlons They can

- be converted mto organrc compounds to- malntam normal plant growth or to be o

v consumed by ‘cellular ‘resprratron.vExcess carbohydrates_ can .be._con_verted rnto storage



forms of energy or converted into secondary metabolites for plant defenses (Taiz and
© Zeiger 1998). -
' ~Althoughvthe .carbohydrates are. synthesized in the tchloroplasts' of plant leaves,

'seeds act as- storage organs ‘in many plant spec1es ‘The synthesrzed carbohydrates

o accumulatmg in plant Vegetatrve trssues during the day are transferred or utilized at mght :

(Tarz and Zerger 1998) to marntam spac1ous room for choloplast movement to regulate- |

 light absorptron In seeds synthesrzed carbohydrates can be converted and deposited in

: large quantrtles as storage proterns, starches, and lrprds to be used for seed germmatron

R and early seedlmg growth Seed “storage bodies’ (Herman and Larkrns :1999) and

‘oleosomes (Harwood 1997) are formed during seed development to store protelns and )

o trracylglycerols respectlvely The percentage of protein in - legume seeds and cereal |

| gralns is 20- 40% and 5-15% of dry weight, respectlvely, while protem in a typrcal leaf |

~ compnses 3 5% of its dry matter (Copeland and McDonald 2001). Thus the storage -

capacrty of seeds is several-fold hrgher than those of the vegetatlve tissues.

o Embryogenesrs is a developmental process in whrch a srngle celled zygote

’ transforms into a multrcellular embryo In drcotyledons, embryogenesrs mcludes four ’

drstmct morpholog1cal stages globular, heart torpedo, and cotyledon stages. Globular

| stage is charactenzed by a radlally symmetncal sphere of cells which is estabhshed from )

o a precrse pattern of 1n1t1ally synchronous cell drvrsrons Next a bllaterally symmetncal :

B heart stage embryo is produced by raprd cell d1v1sron attwo regrons that ultrma_tely lead :

to outgrowth of cotyledons.‘ Then, the' elongation of radicles, hyp0c0tyls, and'COtyledons :

o produces torpedo stage embryos Lastly, extensive growth of cotyledons results in the -

i | formatron of cotyledon stage embryos in whrch almost 90% of the total mass of the' '



embryos., ‘was stored in‘.cotyledons (Taiz and Zeiger 1998). In'. dicotyledons, the
. cotyledons are the maln storage organs of the seed. In contrast most monocotyledons |

~ such as corn (Zea mays L ) and wheat (Trztzcum aestsz‘n‘ L ), accumulate the majorrty of v
'therr nutnents 1n endosperms Developmentally regulated dehydrat1on leadlng to the loss |
kS of water ends seed development in most d1cotyledons and monocotyledons (Copeland .
j vand McDonald 2001) | o . o |
| Legumes are typ1cal d1cotyledons "whrch contarn very h1gh levels of storage |
‘ protems in cotyledons Seed storage protems of legumes have been cla551ﬁed into three

' major famrlres ZS albumms 7S globuhn and 118 globuhn (Shewry et al 1995) In
- soybean (Glycme max L) seeds 7S and llS storage protems const1tute approprratelyi
.‘ v 70% of the total seed protem at maturrty and 30 40% of the mature seed Welght (Memke

‘et al 1981) In mature alfalfa (Medzcago sativa L) seeds, three maJor fam111es, 115:

" - : medlcagrn, 7S alﬁn, and ZS albumlns, compnse around 50% of the total extractable .

- 'protems (Krochko and Bewley 1988) ! B
e Bes1des prlmary products for normal plant growth and energy storage plants, |
. produce a drverse array of orgamc compounds and several groups of stress-mduced

f protelns agarnst a vanety of herbrvores, pathogemc mrcrobes, and stressful condrtlons

o -Many compounds serve as. toxms agalnst these 1ntruders whrle others functlon 1n |

o absorbmg harmful ultrav1olet radrat1on or in reducmg the growth of nearby competmg‘ .

plants The heat shock protems (HSPs), Wthh are synthe51zed in response to hrgher than .
| ”normal temperatures, help cells to better w1thstand heat stress Late embryogenesrs o

- _abundant (LEA) genes are conS1dered to play a role 1n cellular membrane protectlon, -

o (TaJZ and Zelger 1998)



1.2 Molecular farming: its advantages and limitations |

Recently, transgemc techmciues have been uscd to exp101t plants in the productron

of recombrnant protems for medlclnal and 1ndustr1al apphcatrons frequently referred to .
, v:as molecular‘ fannmg (Ma et al 2003) ‘Molecular farmmg emerged when plant |

, transformatron techmques establrshed in the I980s (Fraley et al. 1983) allowed for the

' vrnsertron of a heterologous gene 1nto a modlﬁed version of Agrobacterlum tumefaczens -

I | tumor-mducmg (T) plasmld whrch is subsequently transferred 1nto Agrobacterrum The

B jtransformed Agrobacterzum can then be used to infect plant cells allowrng the 1ntegrat1on‘

| ,of the forergn gene 1nto the plant genome followed by subsequent expresswn of thrs gene

» (Hooykaas and Schllperoort 1992) ngher plants hke petunra (Petuma hybrtda) and"' |

tobacco (Nzcotlana tabacum) were ﬁrst transformed usmg Agrobactertum (Fraley et al B

' .‘ '1983) The successful expressron of a human growth hormone ﬁrsron protein in tobacco

f _and sunﬂower (Helzanthus annuus L) callus trssue (Barta et al 1986), a human

. = 1nterferon in turmp (Brasszca rapa L; De Zoeten et al 1989) and a human serum

- ‘ \ '
'albumrn in tobacco and potato (Solanum tuberosum L Srjmons et al 1990)

demonstrated that 1t is possrble to utrhze plants as productron systems for recombmant
a pharmaceutrcals The successful expressron of functronal antrbodres 1n. tobacco leaves
’ 1ndrcated that sufﬁcrent protern post-translatlonal modrﬁcatrons necessary for antlbody ,
| 'actrvrty also can take place in plants (Hlatt et al 1989 Durrng et al 1990) The fact that“
x the ﬁrst protems produced in plants 1ncludmg antrbodres and vetermary vacc1nes, are }v
. now approachrng the market proves that plants can act as efﬁcrent broreactors for large~

scale recombmant proteln productron (Twyman et al 2005)




. ProduClng recombinant proteins in" plants has many»advan'tages.. .Without the.: -
' requirement‘ of "fermenters and skilled workers, ‘the cost.of ‘plant-based .production
. systems lncluding capital and running costs can be signiﬁcantly lower than transgenic o
o ammal cell culture . (Schlllberg et al. 2003) Furthermore compared w1th bacterial
: v'.expressron systems in wh1ch many complex recombmant protems ant1b0d1es in -
partlcular, are usually unable to be c'orrectly folded, assembled, vand modlﬁed (Swartz
‘20'01') plant-based' production ‘systems can produce these’proteivns' 'more-accurately. This .
s because the. proteln-synthesrs and post-translatlonal pathways are hlghly conserved_i |
between plants and ammals, which allows for more accurate heterologous bioreactive
. protem production (Ma et al. 2003). Mo_reover,' asa productlon system for pharmaceutr(:al ‘
; prOteins", plants are safer: than.animals:because they ‘generallyx lack ‘human speciﬁc |
- pathogens 1nclud1ng viruses, pnons, and oncogenic - deoxynbonuclerc acrd (DNA) .'
| sequences (Ma et al. 2003) |

Untll now, several drfferent strategies for recombmant protem productron in plants |

* have been utilized. Among them, nuclear transformauon‘ is the most frequently. used

method by introducing heterologous.DNA }iin'to the'.nuclear genome of a germ cellora
' dedrfferentrated cell by Agrobacterzurn infection. Therefore, the heterologous genes can
_ be stably expressed under the control of promoters in the entlre transgemc plant o
B Although it has been over 20 years s1nce screntrsts ﬁrst explorted th1s techmque, there arel'

many factors affectmg the commercral use of thls plant expression system The most

"1mportant factor is ach1evmg adequate recombmant proteln y1elds (Twyman et al 2003) a

o ’[he seeds can accumulate forelgn protems up to l% of total soluble protem (Lau and Sun -

) ) 2009) The cumulatrve levels of recombrnant protems in vegetat1ve tlssues of transgemc .



crops are even lower than those in the seeds of transgenic cereals or legumes (Daniell et
al. 2001). This is probably because the vegetative tissues are not natural storage organs. .

Recombinant protein production in..transgenic fruit is 'si'milarlyflovver' than transgenic

 seeds (Danicll et al. 2001).

_.Besides nuclear transformatron several other strategres, such as chloroplastv

transformatron, viral transfectlon, and plant cell}culture,jare‘ also used for recombmant ‘

| "prote'in production in plants; Chloroplast ‘transformation' introducing DNA into the‘ M

t chloroplast genome (Svab et al. 1990) has several advantages mcludmg a h1gh transgene
copy number and stable mRNA transcription, Wthh can lead to very h1gh levels of‘f

expressiOn that in extreme cases may exceed 25% of the total soluble proteln (Tregomng ,

| et al. 2003) However the _major limitation of the chloroplast transgemc system is that ’

- like bactenal expressmn systems, chloroplasts do ‘not always carry out correct protem

- modlﬁcatlon Furthermore, technical challenges stlll exrst for the use of chloroplast----. '

transformation in many plant 'specles (Khan and Maliga 1999). Two other strategres -

" including viral transfection and plant cell culture have their own l_imitations, including the

o ability for correct protein modification and low protein yields. Therefore, new expression

- systems are required to allow optimal protein specific expression and achieve adequate

yields of recombinant proteins. ~ ©

13 ‘Sioma‘t‘i‘c» embx'yos:'f "poten't'iyal organs “that may"”produc'_e\ }higher levels of

' recombinant proteins -

- Somatic embryos are usually induced from differentiatedcells on media, through

 the process of dedifferentiation and somatic embryogenesis 'vvhich s a unique :

 phenomenon of higher plants (Namasivayam 2007). Steward et al. (1958) initially



reported somatic: embryogenesis of carrots in tissue culture, and since then, it has been )

‘ demonstrated ina large number of rnonocotyledOns and dicotyledons (Ammirato 1983). |

" The similarity in. morphology" and protein composition ‘between somatic and Zygotic L

embryos led us to hypothe51ze that the former could be used as efﬁc1ent storage organs to
accumulate heterologous protems | | | |
L1ke zygotlc embryos, somatlc embryos of dlcotyledons also go through four
'developmental stages: globular, heart, torpedo and cotyledon stages. Cotyledons, radicles |
and hypocotyls outgrow.after heart stage.when .large-scale production of proteln occurs in‘

the cotyledon (Dodeman et al. 1997) Protem compos1t10n in somatic embryos is s1m11ar :

o to that of zygotlc embryos As seen in Cyclamen persicum Mlll the seed storage protein

IIS globuhn 1dent1f1ed by mass spectrometry (MS), was found to be expressed ata - o

s1m11ar level in somatlc embryos, zygotlc embryos and the endosperm (Wlnkelmann etal. -

: 2006). The composmon of alfalfa storage proteins in somatlc embryos is similar to that in

- zygotrc embryos In 14 day-old alfalfa somatic embryos, the amount of storage prote1ns' '

| is <20% of that found in dry zygotlc embryos (Krochko et al. 1994) LEA protems,

\

- " which accumulate to hlgh levels in zygotlc embryos also exh1b1t high expressmn lcvels .

in carrot (Daucus carota L.-) somatic embryos. Although all of the carrot'LEA genes are )

| found to be expressed in callus cells, most of the LEA transcnpts 1ncrease 51gn1ﬁcantly in

,l - quantlty w1th1n somat1c embryos at the heart stage (Wllde et al 1988)

1.4 Alfalfa somatic etnbryogen_esis and transformatiOn ‘

Alfalfa is a su1table candrdate for recombmant protem productlon because of its
‘favourable agronomlc characterlstlcs, routme somatlc embryogenesrs and gene' ‘

o tran_sformatron techmques. Wldely grown as legume*forage for cattle, alfalfa is known for



ts hrgh protein content and large amount of digestible fiber. As a legume, its ability to fix .
atmospheric nitrogen reduces the need for fertilization.'-Because it is harvested several
~ times per. year, it proyides. shortfterrn, high levels of biomass.; These characteristics
provide an opp'ortunity for low-cost, large-scale recombinant protein produCtion (Busse_ et
al. '2(1)011; ‘Kh_oudi et al. 1999_)( Both of alfalfa r_egeneration -vthrough : somatic
embryogenesis- and gene }tran'sfo»rmation téchniq’ues, “ which are | important for rapid
pliﬁcation of these deslred transgenlc plants, | are vroutine .technlques right noyv. |
: Maheswaran and Wlllrams (1984) reported the frrst alfalfa regeneratron through somatrc '
v ; embryogene51s The successful genetlc transformat1on of alfalfa, medrated by
Agrobactermm was also reported (Deak et al 1986 Shahrn et al 1986 McKersre et al ‘
| _‘2000 Tesfaye et al 2001) | |

: The vegetatrve trssues of alfalfa have been used to express recombrnant protelns in

many labs but no artrcle reports usmg 1ts somatlc embryos for recombrnant protem’ - '

' productron yet Fungal endochltmase 42 expressed 1n alfalfa exh1b1ted lytrc act1v1ty, '

',agalnst glycol ch1t1n and 1nh1b1ted germmauon of two fungal pathogens (Tesfaye et al ;

; 2005) Recombmant C5 1 monoclonal antlbody has been produced in transgenrc alfalfa '

-and contamed the common glycans of plants and mammals, which suggested th1s plant. '
~can produce recombrnant Immunoglobuhn G (IgG) havmg correct N—glycosylatlon |

| ) (Bardor et al 2003) The genes encodlng the thermostable cellulases E2 and E3 were ’
: expressed under the control of the constrtutrve hybrrd Mac promoter Recomblnant E2 -

'was actlve and retamed heat stab111ty and th1s was an 1mportant ﬁrst step 1n thev‘ '

B _ _development of alfalfa as a productron system for cellulases (Zre gelhoffer et al 1999)



To date only Srbenan gmseng (Eleutherococcus sentzcosus) mature somatic
. embryos (induced for three weeks) have been used to express the heat—lablle toxin B v

subumt (LTB) of Escherichia coil (E. colt) which represented approxrmately 0. 36% of '

the total soluble protein (Kang et al. 2006) However the - expressron levels of -

- recombmant protems in- somatrc embryos have not been compared wnh those in

) vegetatrve tissues to test the benefits of this expression system. |
1.5 B-églucuronidase; cholera toxin B subun.it, and human interleukin-13 :
| To test 'whether heterologous genes can be efﬁCiently exprevs'sed in alfalfa somatic -

| | _embryos ,B-glucuromdase (GUS) cholera toxm B subumt (CT. B), and human mterleukm- -

' v: ‘ 13 (hIL 13) genes were used in th1s study The GUS protern an enzyme from E C’olz,'

- catalyzes the hydrolysrs ofa w1de vanety of B-glucuromdes many of whrch are avallable

commerclally as spectrophotometrlc, ﬂuorometrrc and hrstochemrcal substrates J efferson o

et al (1987) ﬁrst reported the ectoprc expressron of the GUS gene. in plants a commonlyy :
used marker for analysrs of gene express1on in transformed plants nowadays There are :
- | 'many advantages for expressron th1s marker in plants Hrgher plants have no 1ntrrnsrc '

| glucuromdase act1v1ty, thus heterologous expressed GUS protem can be me'asuredr |

| specrﬁcally A very small amount of transformed plant trssue 1senough for ﬂuorometrlc '
‘assays to measure th1s accumulated heterologous ‘protem accurately Moreover GUS‘

| 'protem is stable and t1ssue extracts contmue to have h1gh levels of actrvrty after ,

o prolonged storage (Jefferson et al 1987)

CTB an 11. 6-kDa non-toxrc B subumt of cholera toxm (CT) produced by the :
'bactenum Vzbrzo cholerae, is a candrdate oral vaccrne for cholera an acutely

dehydratmg, | watery. diarrhoeal disease caused by cholera‘ colomzatron- of the srnall
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intestine (Holmgren et al 11993)'. lhe non-toxic B subunits medlate binding 0 receptors B
on the eukaryotic Cell surface and provlde a safe way for the evaluation of these t_oxins as
- mucosal adjuvant in humans and anlmals (McGhee et al. 1992) The expressron of ..
”recombmant CTB antrgen 1n plants offers several advantages 1nclud1ng low productlon
: cost case of admlnlstratlon (mgest1on of plant materlal) and good storage propertles This
protem had been expressed at a level_,of 0.3% of total soluble protern in potato (Arakawa
et al 1997), 0. 095% in tobacco (Wang et-al. 2001) 0.04% in the }fruits‘of tomato'}
~(Lycopersicon esculentum Mill.; Jan1 et al. 2002), 0. 48% in the root of transgemc carrot
(K1m et al 2009) and 0 24% in lettuce (Lactuca sativa L K1m et al. 2006)
hIL 13 a secreted T-cell denved cytokme, plays an 1mportant role in the
B regulatlon of mﬂammatory and }1mmune responses in human bemgs (Mmty et al. 1993). |
. There are two forms for, hIL;13 ‘in vivo, unglycosylated and glycosy1ated Whlch are
1nact1ve and active forms,» respectlvely (Cannon-Carlson et al 1998) hIL 13 has been -

reported as a potentlal therapeutrc agent for the treatment of cancers (Shlmamura et al. |

| ‘} | f:2006), mhrbltlon of human 1mmunodeﬁcrency virus (HIV) rephcatron \in vitro (Montaner o

N

et al 1993), and for host protectlon agamst gastromtestmal nematode infection (Bancroft
et al 1998) However only small scale productlon of hIL-l3 could be achleved incell |
culture usmg mouse myeloma cells (Cannon-Carlson et al 1998) or E. colz (Thompson-f |

s and Debmskr 1999) Compared wnh murme cell denved hIL-13 wh1ch ex1sts in |

- dlsulphlde-lmked ohgomenc forms and has no brolog1cal act1v1ty (Cannon-Carlson etal.

' '1998) recombmant hIL 13 expressed in tobacco exh1b1ted mult1ple blologrcally actrve' -
o ,molecular forms, each assocrated with dlfferent N-lmked glycosylatlons (Wang et al |

©2008).
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- 1.6 Object_ive_‘_f

The aim of this study was to evaluate the ab1l1ty of alfalfa somatic embryos to
accumulate recomblnant protelns Three foreign genes GUS, CT B, and hIL 13° were

1ntroduced mto alfalfa to test the efﬁmency of recomblnant protem accumulauon in

somatlc embryos denved from th1s plant The accumulat1on levels of these three

recombmant protems in somatlc embryos were compared w1th the1r accumulatlon m'

- vegetatlve organs Th1s study may lead to the development of an efﬁc1ent system for,

| commerc1ally relevant protem product1on in plants.
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' CHAPTER 2—MATERIALS AND METHODS
2.1 Pla_nt materials

Alfalfa clone N442 (developed by Stephen R Bowley) w1th hlgh ab111ty of somatrc
embryo productlon in tissue culture was cultrvated in 10-cm Magenta contalners with
half-strength MSO (‘/z MSO) solrd medlum (Table 1) in a trssue culture room at 25°C

with 16 h light/ 8 h dark. =
2.2 Plant eXpressionvectors

pCAMBIA 2301 binary vector (Cambla, Canberra, Australia) contains GUS cDNA
driven'by a CaMV 358 promoter (Figure 1; Odell et al. 1985). The pBl—CTB vector
(provrded by Dr. Shengwu Ma) derived from the pBI 121 vector (Jefferson et al. 1987), '
contams a dual-enhancer CaMV 358 promoter (Kay et al 1987) followed by the CTB
cDNA (Frgure 2A) The pCAM hIL-13- GFP vector whrch was constructed in thls study, |
contains hIL-13 cDNA fused with green fluorescent protein (GFP; Shimomura et al.
'1962) cDNA driven by a dual-enhancer CaMV 358 promoter (Figr\fre ZB).\\ All three
vectors express neomycin phosphotransferase II (NPT II) to confer kanamycin

resistantance.
2.2.1 Gene amplification and the introduction of flanking enzyme restriction sites

For construction of the pCAM hIL-13-GFP vector, the #IL-13 and GFP-SEKDEL
c¢DNAs were firstly cloned separately. The AIL-13 cDNA was cloned by polymerase
chain reaction (PCR) using primers 1 and 2 (Table 2), an intermediate vector (supplied by
Dr. Shengwu Ma; Wang et al. 2008) as template. The GFP ¢cDNA was cloned from

pCAMBIA 1302 (Cambia, Canberra, Australia) by PCR using primers 3 and 4 (Table 2).
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Table 1. The composition and fonctions of major media used for alfalfa transformation.

Medium Basal medium
Schenk and
SH2K
Hildebrandt (1972)
Blaydes (1966)
BOi2Y
MSO Murashige and

Skoog (1962)

Growth regulator Additional chemicals
25mM proline,
0.4 mM thioproline,
45pM 2,4-D,
0.9 pM Kkinetin 200 mg IMffjw-inositol
2% (w/v) sucrose

0.25% (w/v) gelrite

0.2% yeast extract,

N/A 100 mg ' Imjw-inositol
3% (w/v) sucrose
0.25% (w/v) gelrite
1 mg I'1glycine
N/A 2% (m/v) sucrose

0.8% (w/v) agar

50 mM potassium sulphate,

Function

Callus induction

Embryo

development

Embryo
germination

and plant growth

Note: The pH of all the media was adjusted to 5.7. 14 MSO solid medium contained the
same amount of sucrose, glycine and agar concentration as MSO solid medium, but half
the amount of MS components. 2,4-D, 2,4-dichlorophenoxyacetic acid. N/A, not

available.
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CaMV 35S

Figure 1. Map of the pCAMBIA 2301 vector. The sequence of pCAMBIA 2301
(AF234316) was obtained from National Center for Biotechnology Information
(http://www.ncbi.nim.nih.gov). Online PlasMapper 2.0 Software
(http://wishart.biology.ualberta.ca/PlasMapper/index.html) was used to draw pCAMBIA
2301 vector map. Both neomycin phosphotransferase Il (NPT Il) and aadA confer
kanamycin resistantance. The GUS cDNA is driven by the CaMV 35S promoter.


http://www.ncbi.nlm.nih.gov
http://wishart.biology.ualberta.ca/PlasMapper/index.html

2.X

NPTII

Left border
pPRK?2

LB

15

5S
CTB-T,
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pPRK2 Ori

NPTII
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Figure 2. Map of the pBI-CTB expression vector and T-DNA region of the pPCAM hiL-

13-GFP vector.

(A) Map of the pBI-CTB vector. The pBI-CTB vector was derived from the pBl 121
vector (HM047294), the sequence of which was obtained from National Center for
Biotechnology Information (http://www.ncbi.nlm.nih.gov). Online PlasMapper 2.0
Software (http://wishart.biology.ualberta.ca/PlasMapper/index.html) was used to draw
pBI-CTB vector map. (B) The T-DNA region of the pCAM hIL-13-GFP vector. The non-
T-DNA region of pPCAM hIL-13-GFP vector was the same as that of pBI-CTB. 2x35S, a
dual-enhancer cauliflower mosaic virus (CaMV) 35S promoter; LB, left border; RB, right
border; Tnos and Pnos, terminal and promoter of nopaline synthase (nos); NPT I,

neomycin phosphotransferase II.


http://www.ncbi.nlm.nih.gov
http://wishart.biology.ualberta.ca/PlasMapper/index.html
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Table 2, Primers used for PCR amphﬁcatlon of sequences requlred for pCAM hIL 13—
_ GF P vector construction and transgemc plant selectlon ‘

- Number | Primer sequence 5’}3? | |

T GCTCTAGAATGGCGCTTTTGTTGACCACG,

5 ‘CGGAATTCCAAGTTGAACTGTCCCTCGC
3 CGGAATTCATGGTAGATCTGACTAGTAAAGGAG
T C’I“FTCTCAGACACGTGGTGGTGGTGGTGGTGGCTAG
5 TTATAGCTCATCTTTCTCAGACACGTGGTGGTGGTG
6 :GCGAGCTCTTATAGCTCATCTTTCTCAGACACGTGG~'
7 GAGGCTATTCGGCTATGACTG

g ATCGGGAGCGGCGATACCGTA

"9 | COTCCTGTAGAAACCCCAAC

10 | TATTGACCCACACTITGCCGT

T TGCAGAATACCACAACACACAA EEEEE
12 | GCAATCCTCAGGGTATCCTIC | B

, Note All ohgonucleotldes were synthe51zed by Operon (Euroﬁns MWG Operon AL

USA)
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An_endoplasmic reticulum retrieval signal (SEKDEL) (Munro and Pelham 11987:) was
added to the C- terminal of GFP by two round extension PCR using primers 3-and 5, and -

primer’s‘ 3 and 6’(Table 2) separately.-All PCR'ampliﬁcations were conducted using' an

. 'Eppendorf Mastercycler gradlent thermocycler (Eppendorf Hamburg, Germany) All'

: pnmers contamed ﬂankmg enzyme Ttestriction sites for subclonmg XbaI and EcoRI
restnctlon sites were 1ncorporated at the. 5 >-'and 3’- end of hIL-1 3 and EcoRl and SacI'
: ‘restrrctron sites for GFP-SEKDEL. PCR reactions (50 ul) were set up w1th 50 ng of DNA

t template two. umts of DNA polymerase (GenScnpt Piscataway, NJ Umted States' .
| : EOOOO7) 1><PCR buffer, 200 pM 2’-deoxynucle051de 5’-tr1phosphates (dNTPs '
, GenScnpt 001689) and 2 uM of each pnmer All PCR reactlons were conducted usmg a
56°C annealmg temperature for 35 cycles except when amphfymg GFP—SEKDEL where
a 65°C annealrng temperature was used with the same number of cycles The PCR

products. were analyzed by agarose gel electrophore51s and amphﬁed DNA fragments'

. with the correct s1ze were - gel extracted us1ng a DNA gel extractron k1t (Qlagen -

. "'_M1551ssauga ON Canada) R o ‘ | o ’: A\ |
222 pCAM hILf13'gGFP 'expression vector‘constru‘ction

‘_ : .The pCAMte.r X yecto’r (proyided by Laurian Robert) was used for the generation B
lzof pCAM hIL-13-GFP expressmn vector. The pCAMter X vector (~ ll kb), derlved from o

'the pBIN 19 Vector (Bevan 1984) was modlﬁed to include a dual-enhancer CaMV 358 "

. promoter The PCR products for the pCAM hIL 13- GFP vector construct were subcloned i

o mto a TA clon1ng Vector usmg T4 hgase (Inv1trogen Carlsbad CA Umted States

. ”AM2141) The resultmg plasm1ds were transformed into E colz stram DHSa (Inv1tro gen)

o usmg the Gene Pulser II Electroporatlon System (B10-Rad Hercules, CA Umted States)
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N | The E. coli cevlls being cultured in selective Luria?Bertani (LB) liquid medium [1% (w/v)
| tryptone 0. 5% (wiv), yeast extract, 1% (w/v) sodlum chlonde pH 7.0] overmght were
used for plasm1d DNA 1solat10n usmg a plasmld punﬁcatlon klt (Q1agen) The TA
vectors carryrng the GFP—SEKDEL cDNA were drgested W1th EcoRI and SacI while the
| thL -13 carrylng plasmrd was dlgested W1th XbaI and EcoRI The pCAMter X Vcctor was -
first dlgested wrth EcoRI and SacI Aﬂer gel purrﬁcatron usmg a DNA gel extraction kit ‘
| ”(Qragen) the lrnearrzed pCAMter X vector was hgated wrth the d1gested GFP-SEK_DEL' :
. insert us1ng T4 ligase. After another round of E. colz transformatron and plasmld |
extractlon the vector of pCAMter-GFP was drgested w1th XbaI and EcoRI and ligated
AW1th ‘the hlL-] 3 cDNA‘; An EcaRﬂI“restr1ctron"s1te was adde_d between ’LhIL-'J 3 and GFP to
| ‘create a twofamino-acld 11nker(glutam1c ‘acidf‘phenyl alanine). TAfte_r' a final round of E |
coli tra_nsformation and plasmrd eXtraction,-the .expres‘sion_‘uector was conﬁMed by PCR
’l ampliﬁcation and sequencing. " —— o i

23 Agrobacterium transformatio.n‘ o o

Punﬁed plant expressmn vectors were transformed into the Agrobacterzum stram .

“ _ GV3101 (Du et al 1994) via electroporatlon wh1ch was subsequently used for alfalfa .

o transformatlon Transformed cells were allowed to recover 1n LB 11qu1d medrum by -

shakmg honzontally at 28°C for 1 h and then grown on a LB sohd medlum w1thw

o ant1b10t1cs kanamycm rrfamprcm and gentam1c1n for about 48 h

24 AgrObaCterium-mediated alfalfa transformation and somatic embryogenesis' ;
The procedure of alfalfa transformation and somat’ic: embryo development (Du et_.: |
ol 1994) is shown in Flgure 3. Young petroles of wrld type alfalfa were cut 1nto ~1c cm-

. fragments and pre-cultured on fresh SH2K sohd medium (Table 1) for 48 h prror to
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" Petiole preparation

Pre-culture of petioles on SH2K medium |- Agfobacteiium preparation

Infection of petioles with Agrobacterium

T

Co-culture of Agrobacterium and petioles on SH2K medium

) Callus induction on SH2K medium

:

Somatic embryo development through globular, heart,
~ torpedo and cotyledon stages on BOi2Y medium

: y .
_ Somatic embryo germination on MSO medium

A . .
Transgenic alfalfa growth on ¥4 MSO medium

TN
Petiole preparation and callus induction LT

Transgenic somatic embryos were harvested
for recombmant protein accumulatlon analysis

. Flgure 3. Procedure for alfalfa transformatlon and transgemc somatlc embryo
o development : : - : :
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transformation. 'Agrobacterium cultures carrying the expression vectors were grown in E
LB liquid medium in a 28°C shaker (200 rpm) until the optical density (OD) values of the
. cultur'e‘ media ata 600 nm had reached 1.0 (JaiWal‘et al. 1998). After infectedfby

iAgrobacterzum in LB 11qu1d medrurn for 5 minutes, these petrole fragments were

- transferred to SH2K medium (contarmng 20 uM acetosyrmgone) for co-culturrng the

B Agrobacterzum andvpetroles for 2 days. The petiole fragments were transferred to SH2K
'medium (eontainlng 300 mg 1! tirnentin and 75‘ mg It kanamycin) .and maintained for”
r .ﬁve weeks at 25°C with 16 h llght/ 8 h dark unt11 calli developed These embryogemc
calh were transferred to BOi2Y medrum (Table 1; Blaydes 1996) contalnmg the same
antrbrotrcs as SH2K medlum and maintained at the same condrtrons for 2 weeks‘
3 '-Elongated mature embryos wrthvwell-formed cotyledons were transferred to MSO solrd
_medrum (Table 1; Murashrge and Skoog 1962) carrymg the same antrbrotrcs as SH2K
medrum and marntarned for another 2 weeks Germrnated embryos wrth roots were
'transferred to % MSO medrum carrymg 300 mg l t1ment1n in Magenta contarners Allk

' transformatron steps were carrled out under sterrle condrtlons in \a blologrcal safety.

- cabrnet (Labconco Kansas MO Unrted States Type A2)

| - 2.5 _])NA extraction avnd transgenie plant .confirmation .

 2.5.1 DNA extraction

KR VA'- basic iso-propanol 'method was used to extract genomic‘ DNA from‘alfalfa .

transgemc lines (McKersre et al. 2000) Putatlve transgemc leaf trssues ©.1 g, around

o three leaves per 11ne) were homogemzed usrng a Tlssue M111 G{etsch Haan, Germany) _

" v }for 1 mmute Four hundred Hl of DNA extractron buffer [200 mM Tns-HCl pH 7. 5, 250 ) ', o

~ mM Sodium chloride, 2_5 mM ethylenedlamrnetetraacetrc"’ac1d_ EDTA), 05% (W)
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| ~ Sodium dodecylsulphate (SDS)] was added into 2 ml microcentrifuge tubes containing
_Sam’ples. Samples were left at room temperature for 1 hour and then centrifuged at 13000
rpm for 10 minutes: (also ,at 'room temperature).' .Three:hundred ul of supernatant was

- transferred into a new mrcrocentrlfuge tube and 300 ul of 1so-propanol was added. After

. m1x1ng at room temperature for 2 mmutes the DNA solutron was centnfuged at 13000

rpm for 10 mmutes Aﬂer the supematant was drscarded the remarnrng DNA pellet was

o washed in 70% ethanol centnfuged drred 1n a vacuum and then dlssolved m 100 ul' S

- .stenle drstrlled water In total the DNA of 12 putatrve alfalfa transgemc hnes carrymg R

- GUS 41 lmes carrymg CTB and 15 hnes carrymg hIL 13 were extracted for three -
1n_dependent tlmes.}
- 252 Multiplex PCR for confirming_transgenic plants | SR

- Multrplex PCR a vanant of PCR whrch raprdly detects multrple sequences in the

- same reaction (Chamberlam et al. 1988) was performed using the same reactron settlng

| as in 2 2. 1 but w1th multrple specrﬁc primers. The specrﬁc -primers of neomycm’ »

. \ ’ .
phosphotransj%rase I (NPT 11) gene whrch confers resrstance to kanamycrn, and three, ’

' transgenes was used for screenrng putatrve transgenlc plants Prrmers are shown in Table

| 2 NPT I, prrmers 7 and 8 GUS prlmers 9 and 10 CTB pr1mers 11 and 12 hIL 13

- pnmers 1 and2

' 2.6 Transgenic somatic embryo induction
B Transgenic somatic embryOS'for recombinant protein accumulationanalysis were

. 1nduced usmg general Agrobacterzum-medrated alfalfa transformatlon steps Young

s petroles of transformed alfalfa were cut into small fragments and- transferred to SH2K o

R medrum for callus 1nduct10n and then transferred to B012Y medrum for transgenrci
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~ somatic embryo development. After calli were maintained on BOi2Y medium for two.
- weeks, the somatic embryos that displayed well-formed cotyledons were harvested. All
~ somatic embrybgenesis steps were carried out under sterile conditions. '
' '2.7GUS histOchelnical staining' N ‘: o

: The protocols of GUS sta1n1ng were taken from Jefferson et al (1987). GUS_'

o | stalnmg solutlon {01 M NaH2P04, pH 7.0, 0.5 mM K3[Fe(CN)(,], 0.5 mM

K4Fe(CN)6.3H20 10 mM EDTA l% (v/v) Tr1ton X 100} was’ added to 2-ml
k:rnicrocentrifuge tubes contammg two-month—old transge_mc .vegetatrve tissues and two-
week-old transgenlc sonlatic embryos. These tube's we:re place_d ina vacuum for’ 10
| rninute‘sto vin}ﬁltrate the staining solution.into ,plantv t‘issuesvand then were incubated at

37°C overnight. Seventy percent ethanol was then used to decolour chloropHYlls.
2.8 Quantitativ_e'GUS assay )

2.8 Total soluble protein extraction for GUS aSSay AR

™~

- The protocols of total SOluble protein extraction and folloWing-. quantitative' GUS. o

assay were taken from Jefferson et al (1987) Two-month—old alfalfa transgemc ”

vegetatrve t1ssues and two-week-old somat1c embryos were ground under Irquld mtrogen o

‘wrth a mortar and pestle The mlxture of two-month-old alfalfa w11d type Vegetatrve
i tissues and two-week-old ‘somatic embryos was used as negatlve controls GUS

" extraction buffer (50 mM Na3PO4, pH 7. 0 10 mM B-mercaptoethanol 10 mM EDTA,

o va 8.0, 0 1% (v/v) Tnton X-lOO) was added to 2-ml mlcrocentrrfuge tubes (3 pl /mg) - . |

o Sammes werev homogenrzcd using 2 vortex and centnfuged at 13000 rpm for ten mlnute_s '
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| at 4 °C. The supernatant was re-’centrifu_ged at the same speed until it was not cloudy. The '
~ supernatant represented th_e GUS‘solution‘. e
282 Protein determination by Bradford assay
| . Undiluted Bradford reagent_ ‘Cooma.ssie. G-250”:Dye (Sig‘ma-Al'dri}ch,t St. Louis,
| MO: United States; B5133) was added to a 96 well plate (200 ul»per Well) and 3ulof
‘_undrluted samples were added per well. The plate was read at 595 nm usrng a mrcroplate

reader (BIO Rad 550) followmg a ﬁve-mmute room-temperature 1ncubat10n The .

concentrations of sample proterns were determmed based ona standard curve obtalned by |

plottmg the measured absorbance of the protem-dye conjugates versus the known. -

. concentratlon of bovme serum albumm standard (BSA; Bradford 1976)
- 283 GUS protein quantificati‘on}. o
QUS| aetir/ity. was measured by. ‘monito'ring'hcleavag:e of the..‘ B;glucurOMdase
B substfat’e '4Qxﬁethy1u'xﬁbe11ifery1 l%-Déglucuronide MUG) to '4-rneth}}1umbelliferone —(4:' "

i ,MU Jefferson et al, 1987) Two ml of MUG 1ncubat10n buffer ¢! \mM MUG in GUS

o extractron buffer) was added to a 2-m1 m1crocentr1fuge tube and pre- 1neubated at 37°C

- for 5 mlnutes Two hundred pl of GUS solutlon from dlfferent organs was added and o

o mrxed Then 3><100 ul of reactron mlxture (three rephcates) was transferred 1nto 3 |

i , separate 2—ml mrcrocentrrfuge tubes contalmng 1 9 ml stop buffer (0 2 M Na2CO3) on ice. e

: vThe released 4-MU was quantrﬁed 1mmed1ately ina recordrng ﬂuorometer (Shrmadzu :
, Kyoto, J apan, RF M1n1 150) at 595 nm The oD values of samples were used to compare
| that of known concentratron of 4 MU in stop buffer The assay was ‘performed’ three

: | tlr_nes;usmg three'rndependent ‘plant materlals. Eachfsolutlon,from;drfferentorgans was :
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conducted with three replicates. Tvvo;way analysis of variance (ANOVA) and Turkey test
‘were run using SigmaPlot v1 1.0 todetenncine:the variance of .GUS'activityin somatic
~ embryos 'compared With_those in vegetative organs within.each transgenic‘ line's,' andvthe_ |
variance of protein a(:cumulation in each organ between tranSgenic liné's.' - |
2';9‘western blotting for characterizing CTB and BIL-13
. ‘..2.9..1"1'I‘otal soluble prote_in lextraction - |
B Tvv}o-month-(ol.d, alfalfa transgenic vegetative tissues and tvvo-week-old somatic
| embryOS Were 'ground under llquid ‘nitrogen The mixture of two-month-old alfalfa w1ld

type vegetatlve t1ssues and two-week-old somatlc embryos was used as negatlve controls.

. One hundred and ﬁﬁy ul o of protem extractlon buffer {2% (w/v)_

olyvmylpolypyrrohdone (PVPP Srgma-Aldmch P6755), 0.0001% (w/v) leupeptln _
'(Inv1trogen), .l mM EDTA, 1 mM phenylemethylsulphonyl ﬂuonde '(PMSF ; Slgma-'
| Aldrich; P7626),‘ 100 mM Asco'rbic Acrd (Sigma'-Aldﬁch; A4403) in phosphate-buffered '

' saline (PBS)-Tween 20 [PBST; 0.1% (v/v) Tween-20 in PBS]} was ad\ded to each 1.5-ml

L microcentrifuge tube containing 100 mg of 'plant tissues Samples-Were \homogenized_

~using a vortex and then centrlfuged for 15 mmutes at 14000 Ipm and 4°C The .

o supernatant Wthh contams the extracted total soluble protelns ‘was analyzed usmg a

» Bradford assay to detect the concentratlons of dlfferent protem samples (Conley etal. o
: '2009)
»2 9 2 Sodlum dodecyl sulphate polyacrylamlde gel electrophoresns (SDS-PAGE)

SDS-PAGE was used to determme the same amounts of loaded protems Thlrty '

o ﬁve p.g total soluble protem samples from each transgemc roots stems, leaves, somatlc
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'embryos‘, and‘vwild type alfalfa were resolved on a 12% SDS gel'(Mini-gel apparatus, |
' B}io-Rad). Prestained prot_ein marker'(New England Biolabs; P7708) was loaded to }show |
_the’molecular-weights of proteins‘., Electrophoresis‘ was. perform'ed‘at lOOV for twoy to .
three hours until the dye front was 1 cm from the bottom of the plate After
electrophores1s, gels were stamed by Cooma351e blue G-250 (MP Blomedlcals Solon
Ohio, USA R25068) and then destamed in 10% acetrc ac1d to v1suahze total soluble v
- proteln Posrtlve controls for Western blottmg were not loaded here because thelr '

amounts were SO small that they were not stamed clearly in the gels.v
2.9.3:Western blotting
*After using SDS-PAGE to confirm the amount of proteins of 'e_ach sample, the

same amounts of proteins were loaded again with positiye,corrtrols: bacterial derived

~ CTB (Sigma-Aldrich C-l655) for probing» CTB or Positope a 53‘kDa recombinant'

| protein specrﬁcally engmeered to contarn GFP (Inv1trogen R900 50) for problng hIL 13 o

respectrvely The same prestamed protem marker as above was loaded to show: the o

\

| 'molecular werghts of" protems. ‘After gel electrophoresrs, protems in the gel - were

Velectrotransferred onto a PVDF membrane (Blo-Rad 162- 0184) usmg a. sem1 dry
- electroblotter (Bro-Rad) The membranes were. 1mmersed w1th blockmg buffer [1% (w/v).

— BSA in PBST] overmght at 4°C Aﬁer 3><10 mmute washes w1th PBST buffer the

) membranes were probed with rabbit antl-cholera toxin antlbody (Slgma-Aldnch C-3062) '

o or antl-GFP antlbody (S1gma-Aldrlch G1544) at a dllutlon of 1 10000 (v/v) in the .

o blockmg buffer (at room temperature for one hour) Aﬂer 3><10 ‘minute washes with -

S "PBST buffer the membranes were 1ncubated ‘with horseradrsh peroxrdase (HRP)‘

vv vconjugated anti-rabbit IgG (Slgma~Aldnch,' A0545)- as the ‘'secondary antrbody» _at,a
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dilution of 1:10000 (v/v). The signal was detected by enhanced chemiluminescene (ECL;

" Amersham Pharmacia, Uppsala, Sweden). ‘The bands of prestained - proteinv marker on

' PVDF membranes were'used to estimate the molecular weights of proteins probed.

’2 10 Quantlﬁcatlon of CTB and hIL-13 protem levels in transgemc alfalfa plants

| | usrng enzyme-linked 1mmunosorbent assay (ELISA)

a Following protein extraction and'quantiﬁcatiOn by the }Brad‘f}ord Assay, the relatlve, '
, arrlounts of ’alfalfa-accumulated CTB and _hI_L-13: .proteius ’werev quantiﬁed using an .
lndirect }ELI}SA_ compared to known amounts of bacterial derived CTB }and Positope. |
Briefly, 100 pg total Iirotein samples from transgenic and wild type alfalfa, and a series
‘ of gradient positirre controls (O ng-125 ng in protein extraction buffer) were allquotted to} ,
- ”the wells of a 96-we11 mlcrotlter plate (Agdla Elkhart IN, United States) ovemlght at 4
°C. Non-spemﬁc binding was blocked with 200 uL PBST containing 1% (W/V) BSA for 2 '
hours at room tempreture. After three washes wrth 200 puL PBST, the plvate was 1ncubated -
N w1th rabbit'anti-CTB"antibody (sigma-Aldﬁch,ic-:sosz) or anti-GFP antibody (Sigma-
: Aldrich G1544) at a dilution of ,l:8000:(v/§f) in PBST for72' hours at\room terrlperature.b -
B Aﬂer washrng with 200 uL PBST, the plate was 1ncubated w1th HRP conJugated anti-
N rabbrt IgG (Slgma-Aldnch A0545) as the secondary antrbody at a dllutron of 1. 10000
.' ”(v/v) in PBST for another 2 hours at room temperature. Aﬂer'washmg wrth PBST the} |
| plate was developed with 2 2 -Azmobls (3-ethylbenzothlazol1ne-6-sulfon1c ac1d)-

o drammomum salt (ABTS) substrate solutlon [O 1 M anhydrous mtnc acid, O 03% (w/v)rl -

: ABTS pH 4, 35 0. 03% (v/v) H,0,, whlch was added 1mrned1ately before use] The OD

: 'was measuredv at 405 nrn in a microplate reader (Blo—Rad, 5505,1‘1 et al. 2006).]Th_e '

B ]perceutage of plant TSP was calculated by reference  to ELISA_, standard curves -
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- constructed with the positive control proteins. Two-way ANOVA and Turkey test were
~run using SigmaPlot v11.0 to determine the _variance of 're}combin‘ant‘ protein
_ concentrations in somatic embryos compared with those in Vegetative organs within each

‘transgenic line, and variance of concentrations in each organ between transgenic lines.
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 CHAPTER 3—RESULTS
3.1 Construction of plant expression vector pCAM hIL-13-GFP

To construct the plant expression vector pCAM hIL-13-GFP, the cDNAs of AIL-13

~and GFP‘ were ampliﬁed by PCR individually, and analyzed by agarose gel

electrophore31s (F1gure 4). After conﬁrmat10n by DNA sequencmg, constructed pCAM |

- hIL 13 GFP (Flgure 4) was used for alfalfa transformatlon

3.2 Transgenic plants production -

o 3'2'1 Agrobacterium-mediated transformation )

. Cultured wild type alfalfa on l/z MSO med1um was shown in Flgure 5A. Petiole

o fragments from w11d type alfalfa were pre-cultured on SH2K med1um (Figure 5B) Calll

developed from 1nfected petloles grew on the same medium (Flgures 5 C and 6A). Smallv
- green somatrc embryos were observed when calli were moved to BO12Y med1um for four
B _days (Flgures 5D and 6B) Germmated somatic embryos drsplayed an elongated root as
well as two outgrown cotyledons (Flgure 5E and 6C) Putative transfo\rmed alfalfa plants | |
- were obtalned and grown in 1/z MSO medium (Figure SF). In total three 1ndependent

‘ transformauons usmg Agrobacterzum strains carrymg the b1nary vectors pCAMBIA ~

- 2301 pBI CTB and pCAM hIL 13 GFP were conducted respectlvely
322 ‘Confirmat‘ion of transgenié pl'ants 7 "

o Multiple PCR was used*to identify transgenic plants 'In total 12 outof 12 putatiVev |

| transformed plants carrylng the GUS were obtarned and 1dent1ﬁed usmg NPT II and GUs B

R speclﬁc pnmers (F1gure . Thlrty—eight out of 41 putatlve transformed plants carrymg
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Figure 4. Agarose gel electrophoresis of PCR amplification products, hlL-13 and GFP
cDNAs for pCAM hIL-13-GFP vector construction, and constructed pCAM hlIL-13-GFP
vector.

The first and last lanes are the 100 bp ladder and Ikb ladder, respectively. The middle
three lanes are hlL-13, GFP and pCAM hIL-13-GFP vector. Fragment sizes were as
expected, 415 bp, 790 bp and around 12 kb, respectively.
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Figure 5. Agrobacterium-mediaied alfalfa transformation.

(A) Wild type alfalfa grown in a Maganta box carrying half-strength MSO (14 MSO)
solid medium. (B) Petiole fragments pre-cultured on SH2K solid medium. (C) Calli
developed from infected petiole fragments on the SH2K solid medium. (D) A putative
transformed somatic embryo (red arrow) developed from calli on the BOi2Y solid
medium. (E) Putative transformed somatic embryos (red arrow) germinated on the MSO
solid medium with elongated roots. (F) Putative transgenic somatic embryos grew on MV

MSO solid medium.
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Figure 6. The development of putative alfalfa transgenic somatic embryos.
(A) A callus developed on SH2K medium. (B) Putative transformed somatic embryos
grown on BOi2Y medium (red arrow). (C) The putative transformed somatic embryos

germinated and exhibited an elongated root on MSO medium.
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Figure 7. Confirmation of alfalfa carrying GUS by multiplex PCR.

Neomycin phosphotransferase 11 (NPT 1) and [t-glucuronidase (GUS) specific primers,
generating 700 bp and 198 bp fragments, respectively, were used. Lanel to 12, PCR
products with DNA template from independent transgenic line 1to 12; + and -, positive
control using pCAMBIA 2301 vector as a PCR template and negative control without
PCR template, respectively. The 100 bp DNA ladder is indicated.
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CTB were screened out using NPTII and CTB specific primers (Partial results are shown
in Figure 8). Fourteen out of fifteen putative transgenic plants carrying the hlL-13-GFP
fusion protein were identified using NPT Il, and hIL-13 specific primers (Figure 9). The
DNA templates from wild type alfalfa and expression vectors acted as negative control

and positive control, respectively.
3.3 Induction of alfalfa somatic embryos

In order to harvest transgenic alfalfa somatic embryos for recombinant protein
accumulation analysis, somatic embryos were induced on BOi2Y solid medium (Figure
10A). Different stages of somatic embryos development (globular, heart, torpedo and

cotyledon stages) are shown in Figure 10B.
3.4 Analysis of recombinant protein accumulation in transgenic alfalfa
3.4.1 GUS protein detection

As expected, all organs of GUS transgenic lines exhibited blue color, indicating
that active GUS enzyme had been produced in transgenic plants. GUS staining in organs
of transgenic line 5, which exhibit the deepest blue color, was shown in Figure 11. GUS
protein accumulated in somatic embryos of all development stages (Figure 11D), being

mainly localized in the cotyledons.
3.4.2 GUS protein quantification

Quantitative GUS assay was used to quantify this protein accumulation in different
plant organs of three random independent GUS transgenic lines, and wild type alfalfa was
also included as a negative control. Based on analysis of two-way ANOVA, there were

significant variances among GUS protein accumulation levels within each transgenic line,
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700 bp

200 bp

700 bp

200 bp

Figure 8. Confirmation of alfalfa carrying CTB by multiplex PCR.

Neomycin phosphotransferase 11 (NPTII) and CTB specific primers, generating 700 bp
and 198 bp fragments, respectively, were used. Lanel to 7 and lane 9 to 22, PCR
products with DNA template from independent transgenic line 1 to 21; Lane 8,
untransformed plant; + and -, positive control using pBI-CTB vector as a PCR template
and negative control without PCR template, respectively. The 100 bp DNA ladder is

indicated.
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Figure 9. Confirmation of alfalfa carrying hlL-13 by multiplex PCR.

Neomycin phosphotransferase Il (NPTII) and hlL-13 specific primers, generating 700 bp
and 415 bp fragments respectively, were used. Lane 1 to 4 and lane 6 to 15, revealed
successful transformation from independent transgenic line 1 to 14; Lane 5,
untransformed plant; + and -, positive control using pCAMBIA hIL 13-GFP vector as a
PCR template and negative control without PCR template, respectively. The 100 bp DNA
ladder is indicated.
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Figure 10. Alfalfa somatic embryo induction in transgenic plants and different
developmental stages of somatic embryos.

(A) The green tissues indicate somatic embryos developing from a callus on BOi2Y
medium. (B) Different development stages of somatic embryos were shown. G, globular
stage; G-H, intermediate growth condition between globular stage and heart stage; H,
heart stage; H-T, intermediate growth condition between heart stage and torpedo stage; T,

torpedo stage; C, cotyledon stage.
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Figure 11. Detection of GUS accumulation in different organs of alfalfa transgenic line
S.

Leaf (A), stem (B), root (C) and somatic embryos (D) all exhibited blue color which
indicated GUS protein accumulation in transformed plants. Red arrows showed that blue
staining mainly located in cotyledons of transgenic somatic embryos.
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. .and protem accumulatron levels of each organ between transgemc hnes (Table 3) After
bemg analyzed by followmg Turkey test, GUS accumulatron levels in somatlc embryos -

. were 51gn1ﬁcant1y hrgher than other organs in two 1ndependent transgemc 11nes 11ne 3

o and 5 The accumulatron level in somatrc embryos of transgemc hne 12 was hrgher than

those 1n other organs although no srgnrﬁcant drfference was detected Recombrnant
proteln accumulatron levels in the same organ of drfferent transgenic llnes were drfferent

No GUS act1v1ty was observed in w11d type alfalfa plants the values of wild type alfalfa

- plants are rely on background noise (Flgure 12).

3‘.4.3 Western blotti‘ng‘ for the detection of CTB and hIL-13-GFP_fusion protein
| :accumulation '

For probing.the presence of the CTB proteln, thirty 'ﬁve pg of total soluble protelns r
extracted from different organs of three random 'independent CTB transgenic lines
(Frgure 13) and w1ld type alfalfa plants were resolved by SDS-PAGE and starned by'

_Coomassw blue [Flgure 13A-C (a)] Western blotting analy51s detected the ex1stence of ,

the CTB protem [~12 kDa; Frgure 13A—C (b)] in all’ organs of CTB transgemc hnes. ’

o Slmllarly, the same amount of total soluble protelns were resolved by SDS-PAGE o

N [Frgure 14A-C (a)], and putatlve non—glycosylated (50 kDa) and glycosylated forms (55
R kDa) of hIL-13 [Flgure 14A-C (b)] were probed in all organs of three random

1ndependent hIL—13 transgemc lines. CTB or hIL-13 protems cannot be detected in WT _

lanes The putatlve glycosylated form of hIL 13 (based on the hlgher molecular werght) PR

. mdrcated that brologlcally actrve hIL—13 can probably be obtarned from transformed '

E alfalfa The molecular welghts of probed protelns were estlmated by prestamed protem

o 'marker on PVDF membrane. The lanes_ for protein markers were not shown he}re becausev.



Table 3. Values of two-way ANOVA for analyzmg variance among GUS protein -
. accumulation levels in different organs within each alfalfa transgenic line and between
transgemc lines expressmg GUS. : S :

: “Protein | Varton |[DF | S8 | ms | F | P
L _ Organs 4 1265773036 | 66443259 | 61.875 | <0.001 |
~ GUS Lines 3 | 336874560 | 112291520 | 104.571 | <0.001 |-

Organs*Llnes 12 | 186298125 | 15524844 | 14.457 | <0.001

: Note Two-way ANOVA were run usmg SigmaPlot vll 0 soﬁware DF, degrees of
freedom, SS, sum of squares; MS, mean square. , - :

39
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Flgure 12 Act1v1ty of GUS protems (pmol 4-MU/min/mg proteln) measured by :
quantltatlve GUS assay in different organs of three 1ndependent alfalfa transgenlc lines
- expressing GUS: line 3, 5, and 12, respectively. S W
- Two hundred pg of total soluble proteins from dlfferent organs (root stem leaf and ‘

~ somatic embryos) were used to measure the concentration of GUS by quantitative GUS
assay. The same amount of total soluble protein from wild type alfalfa was used as a-
negative control. The assay was performed using three sets of\biological replicate
~ samples and each sample was conducted three times each time. Representative data
shown with standard deviation bars was the average of three biologically independent
replicates. Statistical analysis was used to determine the 51gn1ﬁcant levels of GUS
~ concentration in somatic embryos versus those in other organs in each transformed line. *
- denotes GUS concentration values are significantly different in somatic embryos versus -

*those of other organs in the same line. Between lines, different letters or numbers denote

significant difference within each organ type-low case represents root, upper case stem,
italics leaf, numbers somatic embryos. SE, somatic embryo; wt, wild type alfalfa.
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Figure 13. Western blotting (a) and Coomassie blue stained SDS-PAGE gels (b) of total
soluble proteins extracted from different organs of three independent alfalfa transgenic
lines expressing CTB: line 16, 30, and 44(A-C), respectively.

Thirty five pg of total soluble proteins extracted from transformed roots, stems, leaves,
somatic embryos and wild type alfalfa were stained to reveal the same amount and
probed with anti-CTB antibody. For Western blotting analysis, 30 ng bacteria-derived
CTB was used as a positive control. Total soluble protein from wild type alfalfa was used
as negative controls. +, positive control; R, root; S, stem; L, leaf; SE, somatic embryo;
WT, wild type alfalfa; M, protein marker.
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Figure 14. Western blotting (a) and Coomassie blue stained SDS-PAGE gels (b) of total
soluble proteins extracted from different organs of three independent alfalfa transgenic
lines expressing h1L-13: line 2, 7, and 1I(A-C), respectively.

Thirty five pg of total soluble proteins extracted from transformed roots, stems, leaves,
somatic embryos and wild type alfalfa were stained to reveal the same amount and
probed with anti-GFP antibody. For Western blotting analysis, 20 ng of the 53 kDa
commercial protein: Positope, which specifically contained GFP, was used as a positive
control. Total soluble protein from wild type alfalfa was used as negative controls. +,
positive control; R, root; S, stem; L, leaf; SE, somatic embryo; WT, wild type alfalfa; M,
protein marker.
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they could not be probed by anti-CTB antibody or anti-GFP antibody.
3.4.4 ELISA for the quantification of CTB and hlL-13-GFP fusion protein

To measure the concentrations of CTB, ELISA was conducted using 100 pg total
soluble proteins from different organs of transgenic plants and wild type alfalfa. Readings
of series of positive controls, the raw data of which was shown in Supplementary Table 1
in Appendices, were used to plot standard curves. The averages of readings from three
technical replicates were calculated and shown in Table 4 to generate standard curves
(Figure 15). Readings of samples from three transgenic alfalfa lines expressing CTB were
used to determine recombinant protein concentrations based on the equations of standard
curves (Supplementary Table 2). Based on three CTB concentrations (three biological
replicates) of each samples, the average CTB concentration and standard derivation were
calculated and shown in Table 5. Two-way ANOVA, using three CTB concentrations
(three biological replicates) of each sample, detected there are significant variances
among different organs, different transgenic lines and the interaction between organs and
transgenic lines (Table 6). After analyzed by Turkey test, the accumulation levels of
heterologous protein CTB in somatic embryos were significantly higher than those in
vegetative organs in three transgenic lines: line 16, 30 and 44, and the expression levels
in each organ between transgenic lines were significantly different. The average CTB
concentration and standard derivation of each sample, and variances among samples were
shown in Figure 16. The average CTB accumulation levels in somatic embryos in above
three independent transgenic lines reach up to 0.15% of total soluble protein. No CTB
protein accumulation was observed in wild type alfalfa plants, the values of wild type

alfalfa plants rely on background noise.
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Table 4. Average readings for generating standard curves of ELISA to measure CTB
concentrations in alfalfa transgenic and wild type plants.

CTB CTB CTB
ng/HIOO biological biological biological
repeat 1 repeat 2 repeat 3
0 0.204 0.267 0.193
25 0.507 0.485 0.378
50 0.692 0.617 0.672
75 0.828 0.843 0.792
100 1.075 0.875 0.94
125 1.363 1.213 1.364
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Protein concentration (ng/100 ul)

Figure 15. Standard curves of ELISA to measure CTB concentrations in alfalfa
transgenic and wild type plants.
A-C, standard curves for three biological replicates.
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Table 5. CTB protein concentrations (ng/100 pg) in three biological replicates and their
standard deviations in each organ of alfalfa transgenic plants.

Transgenic  Organs EI E2 E3 Average SD
Lines

Line 16 Root 40 49 50 46 4.2

Stem 67 48 43 53 9.6

Leaf 66 81 59 69 8.2

SE 120 88 108 105 11.6

Line 30 Root 66 52 63 60 5.6

Stem 105 109 78 97 12.6

Leaf 71 75 102 83 12.9

SE 198 186 158 181 15.1

Line 44 Root 104 100 73 92 131

Stem 139 118 117 125 9.6

Leaf 113 138 95 115 15.5

SE 162 174 134 157 15.1

WT Mixture 6.7 8.1 10 8.3 1.2

Note: E, experiment; SD, standard deviation, WT, wild type plants.
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Table 6. Values of two-way ANOVA for analyzing variance among recombinant protein
concentrations within each alfalfa transgenic line and between transgenic lines expressing
CTB.

Expressed Source of

Protein Variation DF SS MS F P
Organs 4 67666 16916 108.055 <0.001
CTB Lines 3 76465 25488 162.810 <0.001

Organs*Lines 12 33569 2797 17.869  <0.001

Note: Two-way ANOVA and Turkey test were run using SigmaPlot vl 1.0 software. DF,
degrees of freedom; SS, sum of squares; MS, mean square.
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Line 16 Line 30 Line 44

Figure 16. Quantification of CTB concentrations by ELISA in different organs of three
independent alfalfa transgenic lines expressing CTB: line 16, 30, and 44, respectively.
One hundred pg of total soluble proteins from different organs (root, stem, leaf and
somatic embryos) were used to measure the concentration of recombinant CTB by
ELISA. The same amount of proteins from wild type alfalfa was used as a negative
control. The assay was performed using three sets of biological replicate samples and
each sample was conducted repeatedly three times in an assay. Representative data
shown with standard deviation bars was the average of three biologically independent
replicates. Statistical analysis was used to determine the significant level of CTB
concentration in somatic embryos versus those in other organs in each transformed line. *
denotes CTB concentration values are significantly different versus those of other organs
in the same line. Between lines, different letters or numbers denote significant difference
within each organ type-low case represents root, upper case stem, italics leaf, numbers
somatic embryos. SE, somatic embryo; wt, wild type alfalfa.
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A similar procedure was used to calculate and exhibit hIL-13 concentrations in all
organs. After obtaining the raw readings of series of positive controls (Supplementary
Table 3), the averages of readings from three technical replicates (Table 7) were
calculated and used to plot standard curves (Figure 17). Raw data of sample readings
were used to generate averages of readings from three technical replicates and then
calculate recombinant protein concentrations of all organs (Supplementary Table 4).
Three hIL-13 concentrations of each sample (three replicates; Table 8) were used to
detect variances among organs, transgenic lines and the interaction between organs and
transgenic lines using two-way ANOVA (Table 9). Based on analysis of Turkey test,
hlL-13 accumulation levels in somatic embryos were significantly higher than other
organs in two hlL-13 transgenic lines: line 2 and 11. In line 7, the concentration is
significantly higher than those in root and stem (p = 0.001), and significantly higher than
the level in leaf (p = 0.143). The average CTB concentration and standard derivation of
each sample, and variances among samples were shown in Figure 18. The average hlL-13
accumulation levels in above three independent transgenic somatic embryos reach up to
0.18% of total soluble protein. No hIL-13 protein accumulation was observed in wild

type alfalfa plants.
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Table 7. Average readings for generating standard curves of ELISA to measure hlL-13
concentrations in alfalfa transgenic and wild type plants.

100 hiL-13 hlL-13 hiL-13
ngM biological biological biological
repeat 1 repeat 2 repeat 3

0 0.267 0.146 0.132

25 0.485 0.308 0.325

50 0.617 0.518 0.527

75 0.843 0.827 0.809

100 0.875 0.968 0.975

125 1.213 0.993 1.029
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Protein concentration (ng/100 ul)

Protein concentration (ng/7100 ul)

Figure 17. Standard curves of ELISA to measure hlL-13 concentrations in alfalfa
transgenic and wild type plants.
A-C, standard curves for three biological replicates.



o4

Table 8. hiL-13 protein concentrations (ng/100 pg) in three biological replicates and
their standard deviations in different organs of alfalfa transgenic plants.

Transgenic  Organs
Lines

Line 2 Root
Stem
Leaf
SE
Line 7 Root
Stem
Leaf
SE
Line 11 Root
Stem
Leaf
SE
WT Mixture

El

69
43
110
172
127
91
114
196
117
83
111
137

7

E2

86
33
86
219
102
119
130
140
92
99
84
199
7.6

E3

65
30
75
232
87
115
156
158
98
71
91
191
8.6

Average

73
35
90
208
105
108
133
165
102
84
95
176
7.7

SD

8.4
5.1
13.1
23.8
14.4
11.6
15.1
20.9
9.8
9.8
10.4
25.8
0.6

Note: E, experiment, SD, standard deviation, WT, wild type plants.
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Table 9. values of two-way ANOVA for analyzing variance among recombinant protein
concentrations within each alfalfa transgenic line and between transgenic lines expressing
hiL-13.

Expressed Source of

Proteins Variation DF SS MS F P
Organs 4 107241 26810 104.987 <0.001
hlL-13 Lines 3 88080 29360 114970 <0.001

Organs*Lines 12 51465 4289 16.794  <0.001

Note: Two-way ANOVA and Turkey test were run using SigmaPlot vl 1.0 software. DF,
degrees of freedom; SS, sum of squares; MS, mean square.
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Figure 18. Quantification of h1L-13 concentrations by ELISA in different organs of three
independent alfalfa transgenic lines expressing hlL-13: line 2, 7, and 11, respectively.
One hundred pg of total soluble proteins from different organs (root, stem, leaf and
somatic embryos) were used to measure the concentration of recombinant hIL-13 by
ELISA. The same amount of proteins from wild type alfalfa was used as a negative
control. The assay was performed using three sets of biological replicate samples and
each sample was conducted repeatedly three times in an assay. Representative data
shown with standard deviation bars was the average of three biologically independent
replicates. Statistical analysis was used to determine the significant level of CTB
concentration in somatic embryos versus those in other organs in each transformed line. *
denotes hlL-13 concentration values are significantly different versus those of other
organs in the same line. Between lines, different letters or numbers denote significant
difference within each organ type-low case represents root, upper case stem, italics leaf,
numbers somatic embryos. SE, somatic embryo; wt, wild type alfalfa.
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CHAPTER 4-DISCUSSION

Compared with traditional protein production systems such as microbial, yeast, and
mammalian cell cultures, transgenic plants have advantages in terms of cost, scalability,
and product safety (Ma et al. 2003), but low protein yield is the most important drawback
affecting its commercial use. In this study, alfalfa somatic embryos were shown to
efficiently store about 2-fold more foreign proteins including GUS, CTB, and hlL-13
than vegetative organs including roots, stems, and leaves. In transformed alfalfa somatic
embryos, the average levels of CTB and hlIL-13 reached up to 0.15% and 0.18% of the
total soluble protein, respectively in three random transgenic lines. Furthermore, since the
percentage of total proteins in dry extracts of somatic embryos is much higher (about 10-
fold) than that in vegetative tissues (Copeland and McDonald 2001), even if recombinant
proteins account for the same percentage of total proteins in somatic embryos as in
vegetative organs, foreign proteins will be accumulated to about 10-fold higher levels in
dry extracts of somatic embryos than in vegetative organs. To my knowledge, this is the
first study that shows alfalfa somatic embryo can be used as an efficient expression
system to accumulate recombinant proteins. Previous reports have shown that Siberian
ginseng somatic embryos can store heterologous proteins (Kang et al. 2006), but no study
to date has compared recombinant protein accumulation in somatic embryos versus
vegetative organs in plants. The results obtained here are consistent with the hypothesis
that alfalfa somatic embryo can efficiently accumulate foreign proteins.

There are significant variance among foreign protein accumulation levels in all
four organs within each alfalfa transgenic line, and variance in each organ between

transgenic lines, based on statistical analysis. The different abilities of accumulating
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recombinant proteins in somatic embryos and vegetative organs could be based on the
different roles of plant organs for plant growth. Plant vegetative organs focus on
synthesizing and absorbing or transporting all kinds of chemicals for plant growth
(Campbell and Reece 2005). It is difficulty for these organs to accumulate a large amount
of proteins. In contrast, like zygotic embryos, somatic embryos act as nutrition containers
to store large numbers of proteins for embryo germination and early seedling growth
(Copeland and McDonald 2001). The enhanced storage capacity of somatic embryos may
explain why they accumulate relatively higher yields of heterologous proteins when
compared with vegetative organs. The difference between transgenic lines may result
from different insertion numbers, insertion location of transgenes in the chromosomes or
different growth characteristics of transgenic plants (Filipecki and Malepszy 2006).

In addition to high-level expression of recombinant proteins, there are many other
advantages in using somatic embryos. Somatic embryos can be induced for desiccation
tolerance by absisic acid (ABA) and form artificial seeds (Senaratna et al. 1990). Under
suitable conditions, proteins in artificial seeds, as with normal seeds, remain stable and
functional for several years; this is beneficial for storage and transportation (Senaratna
1992). The artificial seed system is a rapid, mass propagation method that maintains
genetic fidelity, and allows for direct planting in the greenhouse. This method can
propagate thousands of the highest recombinant protein expression lines in a short time,
which is beneficial for large scale recombinant protein commercial production (Fujii et
al. 1987). Furthermore, leaves, petioles, and stems of alfalfa all can be induced to
produce somatic embryos that can increase the yield of somatic embryos of the whole

plant (Tian et al. 2002). More importantly, somatic embryos are not used as a food source
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and thus minimize regulatory barriers by eliminating the risk of plant-made recombinant

proteins entering the food chain.

The accumulation of CTB and hIL-13 in alfalfa somatic embryos was confirmed

by Western blotting and ELISA analysis. Interestingly, the hlIL-13 was probably

glycosylated, a biologically active form, in transformed alfalfa. The anti-GFP antibody

detected two bands, 50 kDa and 55 kDa. The 50 kDa band probably represents the

unglycosylated form of the hIL-13-GFP fusion protein, while the 55 kDa band may

represent the glycosylated form of the hlL-13-GFP fusion protein. Because previous

studies have shown that hlIL-13 protein contains four potential N-linked glycosylation

sites at asparagines 18, 29, 37 and 52 (Minty et al. 1993) and that the molecular weight of

glycosylated and unglycosylated hlL-13 differed by 5 kDa (Wang et al. 2008). As a

bacteria-derived protein, CTB was probably biologically active in transformed alfalfa like

GUS. Almost all reports have shown that plant-synthesized CTB protein retained the

ability of specifically binding to GMI-ganglioside, the natural membrane receptor of

cholera toxin (Arakawa et al. 1997; Jani et al. 2002; Kim et al. 2006). Future work should

include biological activity testing of recombinant proteins hlL-13 and CTB expressed in

alfalfa somatic embryos.

CTB and hlL-13 have been expressed in several other plant spices, such as carrot

and tobacco. The expression levels of recombinant proteins can differ significantly in

different plant species. For example, CTB comprised up to 0.48% of total soluble protein

in transgenic carrot (Kim et al. 2009), 0.095% in tobacco (Wang et al. 2001), and 0.15%

in alfafa somatic embryo (this study). This indicates that expression levels of CTB in
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alfalfa somatic embryos are probably not the highest. Future studies may choose other
plants to enhance recombinant protein accumulation in somatic embryos.

It is common to use different aged plant tissues to compare protein accumulation.
In this study, two-month-old alfalfa transgenic vegetative tissues and two-week-old
somatic embryos were harvested to analyze recombinant protein expression, because
different organs have various growth speeds, and plant organs are always collected at
their mature stage. Take storage protein accumulation as an example, the accumulation
levels of two-week-old alfalfa somatic embryos was used to compare those of mature
zygotic embryos, the growth days of which was longer than 14 days (Krochko et al.
1994).

The promoter that is used to control heterologous genes expression in alfalfa
somatic embryos needs to be chosen carefully to enhance transcription levels. We used
the CaMV 35S promoter to test protein expression pattern as it is one of the most popular
promoters used in molecular farming. However, it had been reported that this promoter
may not perform as well in alfalfa as it does in other species (Austin and Bingham 1997;
Narvaez-Vasquez et al. 1992). Further work choosing other suitable candidate promoters
could be performed to enhance recombinant protein production. For example, the light-
regulated promoter of the ribulose bisphosphate carboxylase small subunit gene has been
shown to have higher driving efficiency in alfalfa than the CaMV 35S promoter (Tabe et
al. 1995). The promoter of alfalfa 7S storage protein may also be a good choice because
the 7S protein is predominantly expressed in alfalfa somatic embryos (Krochko et al.

1994).
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Evaluation of recombinant protein accumulation in alfalfa zygotic embryos was

excluded from this study as it takes more than two years for plants to produce them. Most

importantly, after cross-pollinating, seeds from transgenic plants would segregate not

only the transgenes, but other genes associated with growth and vigour, so that

recombinant protein expression levels in zygotic embryos will not be consistent with

those in vegetative organs (McKersie et al. 1996). Hence, the protein accumulation levels

in zygotic embryos would be highly variable in each transformed line.

Recombinant protein accumulation levels in mixture of alfalfa wild type organs

including root, stem, leaf and somatic embryos were used in this study as negative

controls, although it is unsuitable for statistical analysis. Theoretically, there is no

recombinant protein production in any tissue of wild type alfalfa. But negative controls

always were added to make sure accurate experimental handling and to erase background

noise using fluorometer. So that, mixture of alfalfa wild type organs rather than all four

organs act as negative control in this study.

In summary, recombinant protein production in alfalfa somatic embryos was tested.

Three proteins: GUS, CTB, and hlIL-13 can significantly accumulate to high levels

(around two-fold more recombinant protein accumulation) in alfalfa somatic embryos

when compared with vegetative organs. In alfalfa somatic embryos, active GUS protein

accumulation was detected by GUS histochemical staining and reconfirmed by

gquantitative GUS assay. The other foreign proteins CTB and hlL-13 can accumulate up to

0.15% and 0.18% of the total soluble protein, respectively. In addition, the plant-derived

hIL-13 protein appeared to be effectively glycosylated to yield biologically active hl1L-13.
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Supplementary Table 1. Raw data of reading for standard curves of ELISA to measure
CTB concentrations in alfalfa transgenic and wild type plants.

Positive control
ng/100 ul

0
20
50
75
100
125

20
50
75
100
125

20
50
75
100
125

Experiment 1

0.202 0.209 0.202
0.515 0.501 0.504
0.69 0.697 0.688
0.834 0.818 0.833
1.075 1.079 1.071
1.354 1364 1.372
Experiment 2
0.264 0.269 0.267
0.479 0.491 0.484
0.602 0.615 0.634
0.821 0.839 0.868
0.927 0.864 0.835
1.107 1.221 1.312
Experiment 3

0 0.201  0.175
0.481 0.49 0.362
0.662 0.697 0.685
0.816 0.807 0.837
1.004 1.037 0.945
1.036 1.07 1.322

Average
0.204
0.507
0.692
0.828
1.075
1.363

Average
0.267
0.485
0.617
0.843
0.875
1.213

Average
0.193
0.378
0.672
0.792

0.94
1.364
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Supplementary Table 2. rRaw data of sample readings and protein concentration
calculation of ELISA to measure CTB concentrations in alfalfa transgenic and wild type

plants.

Root R1 R2 R3 Average Protein C.

Line 16 (ng/100 pg)
El 0.579 0.568 0.585 0.577 40
E2 0.629 0.625 0.634 0.629 50
E3 0.61 0.614 0.625 0.616 49
Stem

Line 16
El 0.814 0.817 0.819 0.817 67
E2 0.606 0.622 0.617 0.615 48
E3 0.563 0.589 0.571 0.574 43
Leaf

Line 16
El 0.823 0.816 0.808 0.816 66
E2 0.851 0.841 0.845 0.846 81
E3 0.696 0.685 0.699 0.693 59
SE

Line 16
El 1.282 1.279 1.271 1.277 120
E2 0.903 0.894 0.887 0.895 88
E3 1.015 1.037 1.034 1.028 108
Root

Line 30
El 0.816 0.802 0.804 0.807 66
E2 0.647 0.632 0.649 0.643 52
E3 0.715 0.706 0.721 0.714 63
Stem

Line 30
El 1.149 1.144 1.145 1.146 105
E2 1.051 1.036 1.038 1.042 109
E3 0.825 0.804 0.827 0.819 78
Leaf

Line 30
El 0.85 0.847 0.855 0.851 71
E2 0.801 0.802 0.808 0.804 75
E3 0.997 1.003 0.983 0.994 102
SE

Line 30
El 1.971 1.937 1.958 1.955 198
E2 1.585 1.567 1.592 1.581 186

E3 1.376 1.372 1.367 1.372 158



Root
Line 44

El
E2
E3

Stem
Line 44

El
E2
E3

Leaf
Line 44

El
E2

E3

SE
Line 44

El
E2
E3
WT
El
E2
E3

Note: E, experiment;

W T, wild type alfalfa.

R1

1.137
0.979
0.789

1.431
1.004
1.095

1.211
1.246
0.927

1.631
1.643
1.195

0.292

0.323

0.342

R, repeat;

R2

1.152
0.992
0.792

1.44
1.129
1.081

1.225
1.259
0.935

1.649
1.35
1.206

0.295
0.339
0.348

Protein C.,

R3

1.124
0.965
0.772

1.456
1.183
1.078

1.213
1.231
0.953

1.647
1.998
1.212

0.285
0.345
0.356

Average

1.138
0.979
0.784

1.442
1.105
1.085

1.216
1.245
0.938

1.642
1.497
1.204

0.291
0.336
0.349

Protein C.

(ng/100
104

100
73

139
118
117

113
138
95

162
174
134

6.7
8.1
10

protein concentration;

ma)

SE,
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Supplementary Table 3. Raw data ofreadings for standard curves of ELISA to measure

h1L-13 concentrations in alfalfa transgenic and wild type plants.

Positive control

ng/100 M Experiment 1 Average
0 0.175 0.193 0.267 0.267
20 0.362 0.378 0.484 0.485
50 0.685 0.672 0.634 0.617
75 0.837 0.792 0.868 0.843
100 0.945 0.94 0.835 0.875
125 1.322 1.364 1.312 1.213

Experimen 2 Average
0 0.152 0.134 0.121 0.146
20 0.341 0.349 0.352 0.308
50 0.621 0.562 0.542 0.518
75 0.869 0.857 0.785 0.827
100 0.973 0.985 0.962 0.968
125 1.224 1.175 1.055 0.993

Experimen 3 Average
0 0.121  0.146 0.128 0.132
20 0.352 0.308 0.314 0.325
50 0.542 0.518 0.52 0.527
75 0.785 0.827 0.814 0.809
100 0.962 0.968 0.996 0.975

125 1.055 0.993 1.039 1.029



Supplementary Table 4. raw data

calculation of ELISA to measure hIL-13

type plants.

Root
Line 2

E1l
E2
E3

Stem
Line 2

El
E2
E3

Leaf
Line 2

E1l
E2
E3

SE
Line 2

E1l
E2
E3

Root
Line 7

El
E2
E3

Stem
Line 7

E1l
E2
E3

Leaf
Line 7

El
E2

E3

SE
Line 7

El
E2
E3

R1

0.765
0.895
0.651

0.541
0.411
0.352

1.119
0.908
0.741

1.682
2.031
1.908

1,247
1.005
0.824

0.986
1.169
1.082

1.205
1.283
1.43

1.849
1.33
1.389

R2

0.797
0.879
0.638

0.559
0.437
0.396

1.163
0.862
0.714

1.701
1.985
1.914

1.348
1.018
0.829

1.027
1.135
0.975

1.124
1.289
1.328

1.934
1.316
1.268

of sample

R3

0.782
0.882
0.672

0.545
0.458
0.405

1.172
0.886
0.739

1.718
2.049
1.996

1.316
1.041
0.817

0.923
1.193
1.061

1.231
1.206
1.305

1.966
1.384
1.442

readings

Average

0.782
0.886
0.654

0.549
0.435
0.383

1.151
0.885
0.731

1.7
2.016
1.939

1.304
1.021
0.823

0.98
1.166
1.039

1.187
1.259
1.354

1.916
1.344
1.37

and protein

Protein C.
(ng/100 pg)

69
86
65

43
33
30

110
86
75

172
219
232

127
102
87

91
119
115

114
130
156

196
140
158
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concentration

concentrations in alfalfa transgenic and wild



Root R1 R2 R3 Average Protein C.

Line 11 (ng/100 pg)
E1 1.268 1.217 1.156 1.214 117
E2 0.961 0.924 0.922 0.936 92
E3 0.841 0.957 0.925 0.908 98

Stem

Line 11
E1 0.927 1.218 0.845 0.908 83
E2 0.982 0.998 1.007 0.996 99
E3 0.771 0.683 0.645 0.7 71
Leaf

Line 11
El 1.218 1.061 1.19 1.16 111
E2 0.862 0.827 0.916 0.868 84
E3 0.841 0.873 0.849 0.854 91
SE

Line 11
E1 1.314 1.399 1.438 1.385 137
E2 1.839 1.863 1.835 1.846 199
E3 1.583 1.624 1.664 1.624 191

WT

El 0.248 0.225 0.227 0.233 7
E2 0.239 0.213 0.204 0.219 7.6
E3 0.214 0.236 0.208 0.219 8.6

Note: E, experiment; R, repeat; Protein C., protein concentration; SE,

W T, wild type alfalfa.
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