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: Introduction‘ '_ o

_ Human serum’ aIbumln a Iarge protein with a molecular weight of 66500, is the
L ‘most abundant proteln in human serum, wrth a concentration as high as 1 mM. HAS
“contanns 585 amino acrds all maklng up a srngle polypeptide chain, which is rich in
cystelns the majorlty of which are mvolved in disulphide bndges that cause the

._molecule to. foId into nine Ioops The loops. can be. grouped into three similar domalns '

- with dlfferent physrologlcal Ilgands e.g., metals and long-chain fatty acids, binding to
: 4 the. dlfferent domalns HSA is. ‘one of the few plasma proteins that are essentially not

: ""fglycosyiated (Putnam 1984). Except for providing transportation of, several ions and -

" molecules, including Ca®*, Na*, K, fatty acids, hormones, bilirubin, heavy metals and

drugs HSA is also supposed to keep up the collordal osmotlc pressure of blood, and to . .-

~function as a proteln reserve (Andersson 1976) In addltron to the functions of HSA
| mentloned above, there are other functlons which; though |ess understood, may be of

."rg}:great |mportance One example is leukocyte chemotaxis, which cannot occur in the

P 'J'_absence of HSA (Czarnetzki and Schulz 1980)~Another is the discovery that HSA is a

potent antioxidant, presumably protectlng the cells in the blood from reactive oxygen .

& ':specres such as’ HzOz (Cha and Kim(1996). Finally, HSA has been shown to inhibit'the

growth of certain breast cancer ceII Ilnes in vitro, and there are experimental results
: vlndlcatlng that th|s mrght be the case also in vivo (Laursen et al. 1990). In addition to the

it osmatic functlon HSA provrdes a h|gh capacrty reservoir to stablllze the concentration

'of free ||gands (Kragh -Hansen 1990). The complete nucleotide sequence of HSA was
e __publlshed in 1982 (Dugalczyk Law and Dennrson 1982) R C o
o Currently human serum. albumln (HSA) is prepared by fractlonatlon of donated
_blood plasma and is- used in plasmaphoresrs fluid replacement, the treatment of burns,

‘ traumatlc shock d|uret|c resnstant oedema and for some groups of surglcal patients

' "-":-:»(Goodey 1993) The characteristic binding locations and chemistry for a selection or

representatnve blologlcal and pharmaceutlcal ligands for HSA were determined. The
: proteln has been descnbed as the major coIIO|d that retains fluid in the vascular system .
,- g actlng as a tramp streamer by dltherlng (a mixed cargo of metabolites around various
o organs (Kragh Hansen 1990) Of these long chaln fatty acrds are quantltatrvely the
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- most. abU'ndant 'wi'th"the normal loading being approximately two fatty acids per
,__molecule of albumln (Petttpas et al. 2001). HSA also blnds bilirubin (Petersen et al
& -2000 Welstger et al. 2001), amino acids, numerous drugs (Ozer and Tacal 2001

Petitpas et al. 2001) and heavy metals and is implicated in the transfer of many ligands

- across: organ-cwculatory lnterfaces such as liver, intestine, kldney and braln Theﬁ*
; molecule has been succmctly descnbed as the protein that makes blood thlcker than
water -

Plant molecular farmlng is growth of value-added crops that are generated

V'through genetlc engineering for the production of recombinant proteins, enzymes or
‘8 fsecondary metabolltes for pharmaceutlcal and mdustnal appllcatlons or for use as-
. gh "health foods (Yu 2005) ' Sl

i Process of Plant Molecular Farmmg

The propnetary promoter |s fused to the gene of the target proteln formrng an
“expressmn cassette” by using molecular biology"techniques and with transgenic

: technlques the propnetary expressnon cassette is mtroduced into plant cells. After that . . *

the transformed cells are cultured as suspensnon ceIIs or regenerated as transgentc

plants Next the hlgh protein expressers (cell culture seeds or tubers) are selected and

i ,'used for protem productlon

E‘xpmssion. cassetie

Flgure1 Expressmn cassette (Yu 2005)
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¢_'F|gure2 Process of plant molecular farmrng (Yu 2005)

The Constructlon of the Plasmld and Integratlon into the Host Cell

HSA is the most abundant proteln in human plasma involved in the marntenance
of a normal'osmolarlty and also in the transport of hydrophobic molecules. This protein
; 4_'.has aﬁblg market requnrement in that it can be used as replacement fluid dunng septic or

"'j"'_f"traumatlc shock to compensate for blood Ioss and to treat burn victims. At present

 HSA is largely produced (300 tons/year) by conventlonal techniques involving

: fractronatlon of plasma obtalned from blood donors (Saliola et al. 1999) It would be .

”‘great advantage to be able to use. genetlc engnneenng to obtain rHSA in good y|eld and
" at lower cost, w1th no danger of contamnnatlon by human pathogens. "For this reason,
great,efforts have been dedlcated to the production of this proteln on a large scale by.
| transgenlc organlsms To date, expressron of rHSA has been studied in E.coli, (Lawn,
Adelman et aI 1981, Latta et al 1990) Bacillus subtilis (Saunders et al. 1987)

: Saccharomyces cerews:ae (Qurrk et' al 1989;" Sleep, Belfield  and Goodey 19900
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Okabayashi et al. 1991; Kang et al. '2000) Kluyveromyces lactis (Saliola Mazzoni et al.
o 1999) Pichia pastons (Oh| et al. 1998; Ohtani et al. 1998) and potato (So/anum
tuberosum) (Sljmons et al 1990 Farran et aI 2002). S s A

: Plasmld Vectors

A PHGASE and pHSA206

Human serum albumin cDNA that was obtained from in vitro translation of human liver

_mRNA was cloned |nto two pBR322 plasmid vectors; (Dugaiczyk, Law et.al.- 1982)4 g

pHSA36 and pHSA206 These two plasmids share 0.15 kilo base of homologous DNA.

. _Together they encode the entire sequence of HSA starting with the’CTT codon for Leu

R 'at posmon 10 of the: prepeptlde and extendlng into the 3 untranslated reglon of polyA.

- 2.PCR2.1-TOPO , _
" PCR 2. 1-TOPO (Inwtrogen) has a size of 3.9 kb ard contalns amplcnlln and kanamycm <

resustance markers IacZ reporter gene, T7 promoter EcoRl sites flanking the PCR

: msertion srte and the f1 or|g|n of repllcatlon The vector has been engmeered to be a
vllneanzed plasmld w1th ‘3 deoxythymldme (T) overhangs that is actlvated by belng

covalently bonded to topoisomerase~1) The 3' A overhangs of the PCR product

complement the 3 T overhangs of the vector and allow for fast ligation with the already o SR
'present topmsomerase . *RER 2 1-TOPO was used for cIonlng the pIant codon
~' s 'optlmrsed HSA after SOE PCR ampllf ication.

el ,Jv; ll
et =

g pGEM By

pGEM- 3(zf)+ has a size of 3.2 kb and contains the or|g|n of replication of the

| Iamentous phage 1. The pGEM 32f(+) vector ‘contains SP6 and T7 RNA ponmerase'
' promoters flankmg ‘a region of multiple cloning sites within the alpha-peptide coding
: :‘"freglon of beta-galactosndase pGEM-3zf was used for clomng and- amphﬁcatlon of‘

R b &

g forelgn DNA in E. coI/ and: thereby functioned as an mtermedlate vector before cloning

the plant expressmn cassettes into plant expression vector pSSH1 (Voss, Niersbach et

© el 10%8).
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i multlple clonmg S|te Wlthln the lacZ aIpha-fragment Inserts cloned into this site disrupt

: '___fllamentous phage & It carries T7 promoter plus a Cterminal his tag sequence ‘with

i _’penplasmlc locallzatlon pIus C-termmal his- tag sequence “with ampIClllln resistance

: HSA and hlS tag sequence allowed the purification of the recombinant proteln via

' ,-7 pSSH1

Ao rHSA in plants plant expression vector pSSH1 (Voss, Niersbach et al. 1995) was
£ :'j.'-g"':utllrzed Vector pSSH1 (10.3 kB, AmpR, CarbR and KmR) is a derivative of the binary

U e1477pdf

4.puc1s |

' For cIonlng and ampllf ication of:. forelgn DNA in E.coli high- copy number pUC18 vector
' ~was used (Yanlsch -Perron, Vieira and Messrng 1985). pUC18is a derivative of pBR322
‘ _.vector w:th a size of 2 7 kb. The plasmid encodes resistance to ampicillin and has a

beta galactOSIdase act|v1ty and resulting in white colonies on X-Gal/IPTG plates.

#g pET 21d(+)

_The pET21a(+) vector has a SIze of 5.4 kb and contalns the origin of replication of the

""amplcnhn resistance gene as a selectable marker. pET21a(+) was used for the

expression of human serum albumin (HSA) in the cytoplasnihof® E. coli and his tag

- .v_sequence allowed the punﬁcatlon of the recomblnant proteln via- |mmob|I|zed ‘metal-
‘afﬁnlty chromatography P '

fic - pET 22b(+) v
The. pET22b(+) vector has a size of 5.5" kB and contalns the origin of replication of the
. ,_frlamentous phage f1 It carrres aT7 promoter an N-termmal peIB srgnal sequence for . . &,

O T i

" _gene- as a selectable marker pET22b(+) was used for the periplasmic expression of

e e L T

"-lmmoblllzed metal afﬁmty chromatography.
| For transformatlon of Agrobactenum tumefaCIens and transnent and stable expressmn of
3 g

. " vector pPCV002 (Koncz and Schell 1986) and contains the Cauliflower Mosaic Virus
: (CaMV35S) expressnon cassette from pRT101 (Topfer et a/ 1988) with a dupllcated k.
358 enhancer reglon (Kay et aI 1987) and the ‘termination and polyadenylatron S|gna| of

,the CaMVSSS T
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8. pAL76

For partlcle bombardment of wheat plant expressron vector pAL76 was used. It
contalns the ubiquitin 1 promoter and intron 1 from maize (Christensen and Quall 1996)
and the nos termrnator
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. Figure 3. Constructlon of pSSH1 plant expression vectors HSA-APO -and HSA-KDEL. :
“CHS 5" ‘Untranslated region of chalcon synthase;’ LPL* "plant codon “optimizéd feader”

- peptide derived. from murine light chain of TMV-specific rAb24; HEME: hemoglobin;.
. CaMV35SS; double. ‘enhanced 35S promoter from CaMV; c-myc: mycC epitope; His6:

e hls-6 tag, KDEL ER retentlon srgnal termlnatlon termlnatlon srgnal of CaMV 35S
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Descruptlon of the Producmg Organlsm and |mprovement Strategy

Escher/chla col/ stralns DH5a and BL21(DE3) were used as reC|p|ent of forergn DNA for
v the propagatlon and lsolatlon of plasmrd DNA and for protenn expression. Agrobacterium
. % "g,'.'tumefac:/ens straln GV3101 carryrng the helper plasmld pMPQORK (GMR, KMR; RifR) -
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i (Koncz and Schell 1986) was used for Agrobacterlum-medlated gene transfer N.
: 'tabacum L cv. Petlte Havana SR1 Badische Geudertheimer K.31, Virginia ITP, Adonis
_iSchwester Barley Juplter Bartey Saturn, Korso Nicotine free tobacco (NFT) 51 and
Maryland Mammoth were used for tran5|ent expression by agrobacterlal vacuum
“ infi Itration. Petite Havana SR1 plants were also used for the generation of stably
‘T"’"‘"‘transf”oﬁned plants N tabacum g cv Brlght Ye'row (BY 293 ‘s“us““aeﬁ’élb‘ﬁ“”‘é*é‘n's' '“Wére

~used- for stable expressron of recombinant HSA. Zucchini, Cucurbita maxima cv.

, ‘:;.-’D\ramant : 103 and bean Phaseolus vulgaris cv. Marona were used for. transrent
T R B '
~_expression of rHSA by agrobactenal vacuum mfrltratron Polyclonal IgY-antlsera were

" raised in adult, female, brown Leghorn chicken (Mavituna, 2005).
: "~"’.-'-:».-‘. i .,‘ L_..V_j, A ,.-.« g .,\, ..;, CRE AN ¢-.‘_. : ‘*'{“ o sl ‘_‘,_;4._ £ b USRS LT R

-Improvmg rHSA stab|I|ty in the culture medlum v
&, Due to the occurrence of unfavourable environmental condltrons the loss of proteins

; -'z-idue to product mstablllty durlng plant cell culture and subsequent purification

: sngnlf cantly mﬂuences product yields. Protein stability following secretion can be
) |mproved wrth the addltlon of approprlate chemrcal agents (or stabllrzers) to the growth_ _
: medla 5r storage solutlon (James and Lee 2001) By usrng thrs strategy proteln yields

. can’ be ; mcreased SIgnrﬂcantly with: the addmon of inexpensive chemical agents.

£ .;:Polyvmyl pyrrolldone (PVP) (Magnuson et al. 1996) DMSO (Wahl, An and Lee 1995),

. -"Fj-gelatme (Lee et al. 2002) have been used to protect extracellular proteins in transgenic

plant cell and organ cultures. -

Lidr i AR .*, W ey R RIS S o 3 B ¥ Race e

B T Y

A e A A N

s .Ko}_eksl lf’e_rpustakaa'r_'t_v‘universitas Terbuka

T i R

a1 < ""I'.»'—’-‘. s e Lt o SRS ;,;..‘:jﬁ-f&i,&-v‘" R

nw 5




it

= :»':@»..._.’: S l"';. S v e . » . . . 81477:pdf-

Flow di'a‘_»g’r'_avr'ri of pfbductioh_'process'

Barplification W HSA S ai“ilk

e‘l

Clasing of HEA dnto plagt ] Fusdon of designe tail
expression vesto pSBY 1 HSA ¥ end

3

el | Transient sxgetsvion cf , foo Cloatag of HSADT
o mi}igﬁmézﬁe' 7 s I A T3 inke hactesiad v
L plant oalt caz.-x;mmmnz " i RRprRsEin YALICTY : X
e Tlostiag of STEA date
s G l Tiscdesial wipeessine vectins

Ciesierating of st 1

trasfovmed plenty
- expresing xHSA g ooy
e M Et;wwi&ﬂaf«ﬁgf&mi'» el

,i‘ : 5 ) : N ) ; ) . 2 . -a.. D’I’ Lﬁmm«

Ex;nemw»frﬁ&k W ANELEEE -9
S datebed oy s N

% 3

CEhratdi ,met;* of naltns
208 cell muspension
. almees
3"’"“ : y whon . i 4 :b 1;.::/.#,‘.-%:»_‘-_'» AP

&mivm 2 O
ansuaiative fevely

Ty €

¥ .

Feamenpintica of

trsganin tebasne
asspagsica oelis

PO

 Pucilostina of (HSA | !
ARCALY ]

Asbyvis of scouaxdation
it : iavely
’ELI A 20l Toepneediot)

FigUre 4. Schematic presentation of the process

i e oy e

:‘fj:'f*Kdlék'si Perpustakaan Universitas Terbuka - .

SRy e S v R s




i

\ ,_:-.:‘Qtlme-exl)_'red blood and in some countries, placental material have been used as

5% fprpllcatlon of chromatography, espec:ally lon ‘exchange, “affinity, and snze exclusnon

= _""ff‘,'_‘.proteln‘ products by a variety of means, “such as growing the cells at lower temperatures,

1 S TR g s,
ol MBI L, 1 0
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- Downstream Purification and Packaging
"HSA has been used clinically to treat a number of diseases with high dosage. It is
_currently used in greater volume than any other blopharmaceutlcal solutnon that is

available (Matejtschuk et al. 2000) Extremely pure product is reqwred in large “scale

: -’.v.?production Albumln |s now predommantly derived from human plasma, although both

‘ A50urces in‘the past The classic cold ethanol precspltatlon method developed and it has
-been used for the production of albumin from human plasma since 1946 (Cohn et al.

f'_ 1946). “Since' ’then"“ some pharmaceutical 'p'rovide'rs- have chosen to supplement-this
. process W|th addltlonal purifi catlon steps (Adcock et al., 1998). l-lowever

| chromatographlc punﬂcatlon of HSA has been increasingly studied in the last few years.

- has opened a new area in the production of pHSA (plasma derived HSA). lon exchange
o chromatography and hydrophoblc chromatography play a central role in the punfucatlon,_'. "
"“scheme lntegratlon W|th other chromatographlc technlques such as size- exclu5|on
: metal chelate and affinity gives lmproved punﬁcatlon results. :
ln addltlon heterologous proteln preduction can be increased by using complex
' '"_Jf'medla with hi- -h amount of yeast extract;-peptone or hydrolyzed casaminoacid (Shin et
al, 1997). J
One of the problems ofy producmg recombmant“ protems |n bactena is that: the»??f. g
' ‘results mostly |n the form of inclusion bodies accumulated inside the cells which in turn

’ need extra steps for solublllzatlon Y|eld can be optimized by |mprovmg the solubility of

‘co-expressing the protein of interest ‘with. foldases and chaperones and also using

SOlIblllZIﬂ,g fusmn partners .(Clairk, 2001),_ _ ot RO e A e

'Although hlgh level expressmn is ‘necessary to provrde good yields in plant- based_
_'_’.;).1product|on systems the efﬁcnent ‘recovery of recombinant proteins must also_be
' ri'.‘optlmlsed Secretion systems are advantageous because no disruption | of plant cells is
‘ necessary during protein recovery; hence, the release of phenolic compounds is

avonded Nevertheless the recomblnant protems may be unstable in: the “cultures .

= »p‘wq hitid
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~ 'medium. The use of affinity tags to facilitate the recovery of proteins is a useful strategy

~as long as the tag can be removed after purification to restore the native structure of the

protenn Slmllarly,,a strategy has:- been devised in- which recombinant proteins- are

» expressed as fusron constructs that contarn an integral membrane- spannlng domarn

: denved from the human Tcell receptor and are then purified from membrane fractions.

‘rv "»*“ i

'f;’?_:"_f“f‘Recent strategles hat have been descnbed include the expression of His-tagged GUS- -
fusion protelns |n tobacco chloroplasts the extraction of Hlstagged proteins by foam

fractlonatlon and the release of recomblnant protelns usung a modlfred |nte|n expressron _

T "system

3 _:,,Qua]lty assurance I GMP I process valldatlon
'In ‘order' to meet current good manufactunng practrce (GMP) for the productron of aI|
- health care products including recomblnant products recovery processes and facmtles

- must be carefully de5|gned validated and operated

Accordrng to Kastner et al (1993) there are three basrc prrncrples of GMP. Firstly, any
‘ -y"'f'.product must be desrgned in" terms - of ‘quality, safety and effectiveness. Secondly,
“quality cannot be ensured just by inspection or testing of all doses of the final product.
.Lastly, to ensure that the fi nal product meets quallty and des:gn specnf catlon process

SEETR S

.:'steps in manufactunng the products must be controlled In terms of quahty, it cannot be
mspected |nto g product but should be ‘designed into it through the process

j;(Wheelwrrght 1991)

Valldatlon is an mtegral part of GMP. Validation refers to "the attarnment and the

'documentatlon of sufﬁcrent evndence to give reasonable assurance, given the current

L
5

e -state of smence that a process under ‘consideration: does and ‘or will do what it ptirports i

to do' (Kastner et aI 1993) In addrtlon it is requrred that a written validation protocol

. Wthh specrﬂes the procedures to be conducted as well as the data to be collected and
'ﬁthe"’a‘cceptance cnterla for the product should . be prepared by the manufacturer.

| Revalrdatlon mlght be necessary to guaranty the specified quality.
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Special features

When the products. are destined for therapeutlc uses, the. maln consideration:is . -

- safety There is always the risk that the fi naI product contains fragments of viral or
. cellular DNA with potentlal oncogenlc capacity, contaminating protein that may give
lmmunogenlc responses or pyrogenlc contaminants of- viral or microbial origin -
(Seetharam and Sharma 1991) Therefore greater characterization of the final product
structure to. be used cllnlcally would seem prudent to assure the ellmlnatlon of these
contammants ke o ' ' : s
It would seem appropnate to- accept that many recombinant DNA derived
therapeiu_tlc protelns wrll not be: ldenttcal to their natural counterparts or at Ieast the

pOSSlbIllty of dlfferences should be presumed (Hans 1990). Ideally, the recomblnant
products used for cllnlcal purposes need to be as close as\pessible in structure to their

RO B T A5 s 2 i 2

natural counterparts to av01d complrcatlons and reJectron by the immune.system of. the:;. I

patlents

Yet the rHSA productlon |n plants remalns a reasonable strategy in view of the high
productlon volume with low cost (Glddlngs et al. 2000 Hood et al. 2002; Fischer et al.
2003) The advantages of lntact plants lle in the fast biomass burld -up, the low
cultlvatlon costs and the easy storage and drstnbutlon of transgenlc seed materlal
Tobacco and wheat were determlned to be the best producers for rHSA. In stably
transformed tobacco plants expressmn Ievels reached 100 ug rHSA/g leaf material and
A i bombarded wheat embryos 100 ug rHSA/g wheat seed. Consequently, these two}
alternative - plants represent a viable aIternat_lve to mammalian and prokaryotic

~expression systems..for,.the prod_uction_. of rtHSA (Mavituna, 2:00_5){ :

Further research and development

% Consndenng the |mportant of recombinant human growth hormone for therapeutic
8 purposes further research and development to improve the y|eId is really valuable.
F..“}H’?tﬂg{&.iffl,“i J_L‘Eelli Lo QS? ,concen‘t;a,te"dﬂog* cha»ra%e”rﬁlng the best growth condltlon

for mass’ productlon maximize the level of expression by consrdenng promoter strength

y codon usage transcnptlon termlnatlon efficiency, plasmid copy number and stability, the

SR Kdi:ek.si;Pérpt‘jstak.aa_n’:Unjgjérs-itas"]-er:buka_' ey -4 . v,f..~"'_} o DR
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and Gingold, 1990)

,ln, relatlon to fermentati-on; an innovative design of fermentation process that ,an

. signifi cantly'decrease downprocessing costs or even eliminate them completely is stil
belng mvestrgated (Hoek and Aristidou, 2003). In addition, the successful of this depend

on the engineering process- compatlble mlcroorganlsms through genetic or physiological

2 jmanlpulatlon aSS|sted by metabollc englneenng -More fundamental knowledge with™™
. respect to metaboll pathways control mechanisms and process dynamlcs to design
-_,:optlmal integrated system is needed to achieve these goals

: Another further research is focused on developing new technique, for refolding or
|mprovmg the existing ones by including novel refoldlng aiding agents. Improving protein

_refoldnng from E.. coli produced inclusion bodies aimed to.increase. the, allowedu__'
: 'concentratlon of proteln durrng the process of refoldlng and the fi nal refoldrng y|eld
(Vallejo and- Rlnas 2004) '

Plants have ‘many advantages compared with traditional -systems. for the

‘molecular farmmg of pharmaceutical proteins, Thése include the low cost of productlon

rapid scalability, the absence of human pathogens and the ability to fold and assemble

2 j:complex protems accurately (Ma ‘et a142003) Plants have’many ‘advantages™ over""f'- '
'establlshed productlon technologles for the large-scale expression of recombinant
o :protelns but several challenges remain to be addressed in terms of improving yields
'-f-"-'and product quallty AN small ‘number of plant-derived biologics are approachlng

commercialisation, but these are the minority - that have met the technological

g challenges cleared the regulatory hurdles and overcome inertia |n the blotechnology
:lndustry We are facrng a growmg demand for proteln therapeutlcs and diagnostics, but

) the capacnty to meet those demands using establlshed facilities is Iacklng A shift to
s o plant bloreactors mrght therefore become necessary within the next few years maklng it

-"'more |mperat|ve that these issues are addressed and solved

Plants will be the premler expressmn system for dlagnostlc and therapeutlo

g{: protelns Plant expressron ‘systems have” the potentlal to ‘make ‘themas” abundant""“"’ "

tomorrow as prescnptlon drugs are today. ‘We foresee that molecular farming: will

.prov1de a basket full of novel medrcrnes for the diseases of the 21st century
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