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{.Insulin

Tnsulin is a hormone secreted by the beta

«lisof the Islets of Langerhans of Pancreas. It , _p.. @
isessential for oxidation, utilization of blood sugar gene

and for the maintenance of proper blood sugar
level. Inadequate secretion of insulin leads to
hyperglycemia (higher blood sugar level). This
condition is said to be diabetes.

Insulin reduces blood sugar level and pro-
motes glycogen metabolism in liver and mus-
cles. Italso reduces the breakdown of cellular
proteins. Further it increases the resistance
towards infectious diseases. The treatment of
diabetics by injecting insulin is named insulino-
therapy, '
Structure of Insulin

The molecular weight of insulin is 35,000
daltons. Tnsulin molecule is made up of two

Ic’;"l)’peptide chains. They are A chain and B

ids";'r'l-d]glleA chazZn consists of 21 amino ac-
s T eB cham' consists of 30 amino ac-
tWo g 5 two chains are bound together by

. “Sulphide linkgges, The thirtieth amino

acl i
_dmaybe alanine or threonine.

Theangi 4i.1 .- :
Covttrede anhd_‘abetxc role of insulin was first dis-
- Wag isolaty glrEG Banting in 1922. Insulin
®d from pancreas of oxan, cattle,

, do
- BTy, % ete. and used to treat diabetes.

In 1982, E_Ii Lilly (USA) started to produce hu-
man insulin from genetically engineered bacte-
ra. Itisavailable in the name humulin, The
Food and Drug Administration Department of
USA approved it for therapeutic use.
Recombinant insulin is now available in the
tra_de names Humulin, Recosulin (Shreya Life
Science, Pune), Humanzinsulin (Sarabhai),
Lentard 40 (Torrent), Human insulatard
(Novo Nordisk) and Huminsulin-R (Ranbax).
Genetic Manipulation of E.colj For
Insulin Production

Genentech Company in USA chemically
synthesized insulin gene. They synthesized A
polynucleotide chain and B polynucleotide chain.
These two single stranded polynucleotide chains
were made into double-stranded DNAs.

@ B-chain

Restric-
Restric- 6t:isonc gelc
Lassnibe ot tion
enzyme D @
DNA ligase DNA ligase
. lInsertion
. lInsemon
Lysis of
E.coli )(IJCHS
¥
= . Cleaved with
Cleaved with cyanogen
cyanogen V' bromi e&
l brorfr_li e& Purification
Purification —_—)
B-chain of insutin
A- chain of Mixing

- Insulin _‘__,_7

Insulin

Fig.18.1: Genetic engineering for: the
production of human insulin from E.coli.
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BI ‘
Ay
& DNA fragment was inserted1 . \

. i stream O
Tx::fdl (\)/c%tor, especially alt thsealllT[l)e B ie .
?pms alactosidase geC ‘In the prapbet
" pl—lgDNA fragment Was inserte
sma

e re introduced info E.coli

vector t0 maker P
DNAswe ' 3
Il Téleut\gtﬁy. Recombinant E: colicells \n(r)e;Z \ |
cer:esngc(i from these tWO E.coli cultu.r:lzs. one | » .
SEC coli culture, produced loqg polypeptle z r?d the
sulin bound with B-galactomdase enzym - ‘

otherproduced the short polypeptide bound with -
B-galactosidase.

tides were is0- ,
The long and short polypep | 7~
ated and purified separately from the culturf:s. Penicillinase Chlmeric :
They were then treated with cyanogen br.'omu?e  gene DNA _ .'
0 cleave the B-galactosidase from the insulin :

polypeptides. After removing the B-galact.osi- | Bacterial |
dase, the long and short polypeptides were mixed - transformation 4
together to form disulphide linkages between the

two. As a result a biologically active insulin ~
molecule was formed. N sl
A genetically manipulated E.coli (strain rasm -Ellislyed
k12) could produce 1 x 10° insulin molecules in Polypeptide |

the culture within a week. (Fig.18.1) Penicillinas l' e
Genetic Engineering For Production b roinsul

of Rat Insulin (5

7

l Cut with Pst l Oy

Gilbert and Villa-Komaroff(1980) isolated _ ¢Cleat‘rmﬁgn(;in“smg j
insulin mRNA from beta cells of pancreas of rat —r
and synthesized duplex complementary DNA —
fromit. The insulin DNA was inserted into Pstl . s
site of pBR322. As a result, rDNAs were Fig.18.2: Genetic engineering
formed. . : the production of rat insulin fon.
The rDNA was added to E.coli culture in E.coli. ]
the presence of calcium chloride ions. Thelat-  INSulin Lispro |
ter enhance the uptake of the rDNA by the This is a human insulin analog thaflslﬁ_.
E.colicells. tical to normal insulin in molecular weights¥

.

The genetically manipulated E.col; Tts glucose lower?
= .coli pro-  general structure. Its glucose IOV 2, ¢

| ducc?d.}l)lr.omsuhntogemer with penicillinase, The ~more rapid than the norma}l mtﬂmill;‘;tl;ts‘fnw
penicillinase and C-polypeptide presentinthe fora short duration. Insulin h_sprO 0

promsulin were digested with trypsin. Asare- the 28th amino acid and proliné® 29 P
sultbiologically active rat insulin molecule was  acid inits structure instead of % 3
produced. . (28) in B-chain ofnormal insulin. s ¥
Ho The rat insulin is used to treat diabetics. Insulin Lispro s mixed with PO

1 . to
ms:lvigver’ Some patients are allergic to the rat pension and filled in AIR f"hf;I.e's» ¥
. betes. The aerosol preparation! o dmb@.
mouth. This is the latest therapy ™ = &

3
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clonal Antibodies (MCAs)

Mono

. ol type of antibodies having the  (Basiliximap -
o eA a;lggenitgleietermipantl 1pgoa’uced by a ' b ;?o(ilui:] etrar?sr %:ri rejec
ibody The hybndf)ma is made by fusing a plant rejection 5
| ymphocyte(B cell) Wl_tham)’elf’ma cell. Pres- Edrecolomab | Colorectal cancer
enceofasingle antigenic detenn}nanF istheuse- | Abciximab Prevention ofblood
filfeature of the monoclonal antibodies. MCAs clots
bind with only one type of epitope on the anti- | Muromomab Kidney transplant
geIs o - ' rejection

Monoclonal antibodies were first made by Naming of MCA

Milstein et al in 1973. They are used in the
diagnosis and treatment of severe diseases. They
arcalsoused in screening specific proteins. The
antibodies produced against a single antigen but
differing in antigenic determinants are called
polyclonal antibodies. They bind with differ-
entdeterminant sites on the antigen.

Important monoclonal antibodies and their
uses are listed below:

Tnble 34.1: Monoclonal antibodies and

their uses.
Monoc] : )
Antih (:lnal Used to Treat
Gem\y
tzimab | Acute myeloid
- leukaemia
Midinb | Non Hodgkin's
Trastuz, i 1ymphoma
| Metastatic breast
| Paly i ] cancer ,
f ' Paediatric respiratory
N

The US Adopled Name (USAN) council
has adopted a naming system while naming
monoclonal antibodies. According to the USAN,
the name of Mabs should end in the suffix-mab.
The suffix should be preceded by an abbrevia-
tion of animal source: The following abbrevia-
tions are used as organism identifiers:

a for rat

e for hamster

i for primate

o for mouse

- u forhuman
xi for chimera

zu for humanized o ‘
*The abbreviation of organism should be
preceded by the abbreviation of disease state.

The following abbreviations are used to desig-

nate the disease state:
vir for viral cause
bac for bacterial cause
lim for immunomodulator
col for colon tumour
mel for melanoma tumour
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mar forma
ot for testis tut ‘
for ovary tumout
rostrate tumour
. «e|laneous tumour
ular diseaseé
disease state should be

able as a prefix. [tmay

ammary tumot!
nour

ooy

cir for cardiovasc
The abbreviation of

dbyaunique syll ' ' .
gcrzc rflif; byythe inventor according to his choice.
=]

For example, Basiliximab i a_clnmenc
monoclonal antibody to treat 0rganrcj ection.

Production of Hybridoma

Hybridoma is a fusion product of a lym-
phocyte and myeloma cell. The progiuctmn of
hybridoma clones for monoclonal antibody pro-
duction involves the following steps:

1. Isolation of B-Lymphocytes

B-lymphocytes are isolated from immunized

mouse. It involves the following steps:

i.2-4 weeks old mice are immunized with

the known antigen by sub-cutaneous injection.

ii. Amouse is killed after 72 hours of im-

munization, especially within 4 days and its spleen
1s taken.

iii. The spleen is minced into small frag-

ments and the fragments are sterilized.
__ v.The fragments are then macerated into
individual cells using enzymatic method.
_ V.Thecell suspension so obtained is imme-
dlatell); s;;pended in a balanced salt solution,
VL The suspension is i
withthe balanced salt soluti(:rlatiheg 2u0rr ’ 1t o
cells (§pleenocytes) St pureplasma
Vii. §

) prodsxgolg T;zgﬁeclxytgs are the anti-
are grown in fresh megjyy fi . _Ce“'S)' They
2, Isolation of M orcell fusion,

yeloma Cells

byinducipg . antm

Cin o yelo )

8 Mutationg using éna czlls are rajsed
- "8Zaguanine, This

- By |
will help us to select hybrig %U\'g[%
unfused cells. OmMa frop,

3. Somatic Cell Fusiqp ﬁ%%

' The spleeqocytes and :
mixed together in the raj, » %’e OMa g
with PEG. The cell mjx is h‘5:l andtrsa’"
minutes. The PEG brings th Shakep weuefztfg :

: et
and induces cell fusion, A a“rlg ce“S‘OEetbq
Su ‘

cyte-myeloma hybrids cafle l.t LN
formed. Sometimes, PVA j “:ey é"ldomsa;
to induce the cell fusion, Sy,

4. Selection of Hybrids

The selection of spleeno
brids is mentioned below:

1. Aﬁer cell fus10_n, the cell suspenso |
treated with fresh medium lacking bloodeny
at arate of 1 ml per minute, '

ii. The diluted suspension is centifugeqy
remove the fusagen along with the liquide.
dium.

iii. The cell suspension is then dilutedslowly
with a serum free medium containing hypoxa-
thine, aminopterin and thymidine. :

iv. The diluted cell suspension is distr-
uted into the wells of a multiwell plate andie &
plate is incubated at 25-29°C for 2-3 weeks1t
an incubator. i

v. Later, the wells of the multiwell
visualized for cell clumps.

The HGPRT- mutant myeloma cell fmg’f’ j

. . anthme_ »
synthesize purines from hypOXfpurmes' sonf-

terin blocks the metabolism 0 h
eloma cells and myeloma -myelom ¥
not grow in the HAT medium. oo

Unfused spleenocytes and s&fgledxyutm ]
spleenocyte hybrids never &f ow m.o nzlﬂ}"“"w

Spleenocytes contribute func " |
HGPRT enzyme to the SPleenoc)gsize purfﬂ‘s_ 1
hybrids. Hence hybridomas syn ol -
from hypoxanthine and grow into od

vi. The cell clumpsareallo¥
cach clone attains 500 or mOr® Cese ct
ing enough medium. Each© be
called hybridoma or cloné:

Yte-myclongp, |

plate ;'
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CLONAL ANTIBO 43]

_ NO -
. 43MO bridomas 11. A small amg .
H,3 g the HY ount of medium
G reenmg 01; multiwell plate are coated fromeach well having hybridoma ayc? ;ctil};:g
|

0 . : 1 i
5,9 The e Is %it was used to immunise the ln-t%the.antlgen coated well. Antibodies bind
L eantigent ; With epitope of the antigen and form antige
P antibody complex. —
g

®©
O
0

Mouse myeloma cells

@ Immunization

@ ®® \ lSplenectomy
Spleenocytes
Cell fusion

~

Hybridoma using PEG
Myeloma-myeloma__@ Spleenocyte-spleenocyte hybrid
hybrid Q Myeloma
Spleenocyte Removal of PEG &
dilution with
liquid medium

Diluted
cellmix

39°C for

Incubation at
- 2-3 weeks

Positively

Screening for |
MCA production l Picking up the

Pomigwsle | [pstivbrin
hybridomas

Screening for
higher proportion
of monoclonal

P e
1 .
mon%lonaleag)t’}’brédglila l<):lone for

0 be produced

Fi . .
&34.1: Important stages of hybridoma production.
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iii. The unbound antibodies are washed out
1ls. _ .
Ofth(ievw’l?th a secondary antlbody tiiat speciﬁ-
cally biilds with mouse antibodies, is linked with
nzyme. _ .
e v. The enzyme coupled antibo.dy is poilred
into the wells. The secondary antibody binds
ith the primary antibody. . '
i Vi. I"I‘he unbound secondary antibody is
washed out. .
vii. The colourless compound on which the
linked enzyme acts, is added to the vi'ells.
viii. Those wells giving positive coloilr
change indicate that the corresponding wells in
the original plate have hybridomas.

ix. Hybridoma clones in the respective wells
are taken and sub-cultured in fresh medium in
small flasks for a week.

x. The supernatants are taken from these
flasks and tested separately for the amount of
antibody produced.

xi. The hybridoma clone producin g mono-
clonal antibody in higher proportion is picked up
and cultured in fresh medium in a flask.

Production of Monoclonal
Antibodies

Monoclonal antibodies have been produced
commercially in the following ways:

1. InVivo Method

The hybridoma cell line that makes a de-
sired monoclonal antibody is injected into the
body of mice through intra-muscular injection.
The mice are grown in the laboratory for 3 or4
weeks. Their ascitic flyjd or blood is taken and

the mpnoclonal antibodies are isolated from it.
By this method, a mouse

mg of MCA. '

2. Suspended Cel| Culture in
Fermenters

A hybridoma clope js cultured in a large
fermenter using chemically defineg complex
medium havingall minerals, vitamins anq co-fac-
tors. Airlift fermenter is of much use for this

Can produce about 50 -

purpose. In this meg, - %N\%( |
can yiem '
tails refer to Animg] cell oy} : Weeks, [k t’%
3. Immobilized Ce :::]
Cellsofa hybrid :
ina hollovy fibre react(r)rrlizggne 3 imrnobir
gel. By this method, few gpolyac%‘m'?: ‘1
be produced withjp, 2 weeksgmms Mg,

Applications of M°n0c|
Antibodies na

Monoclonal antibodieg are ve
specific to antigenjc Substanceg f}'pureand
have beer_i put into many practic.al u ety
search, clinical diagnosis 0f diseageg Sinn,
treatment of the diseages Their ovcgi]d i
cations are discussed briefly here under: "
1. Monoclonal Antibodieg As :

Research Tools

Monoclonal antibodies haye Deen useqsy
research tools in the fields of medicine, impy,
nology, biochemistry, genetic engineeriny
carcinobiology and so on. Some of their resear
applications are given below:

a. In genetic engineering, monoclonala:
body is used to screen recombinants, j

b. Inimmunological studies, MCAsareust |
to identify various cell types involvinginimmue
responses and to detect interactions ainorigﬁrm
For this purpose, MCAs are raised agins ¥ |
cell surface antigens and used as markers0 |
identify the cells.

ct..yThe rejection of tran_Splantefjt‘;g;Il.]s’
especially kidney transplants, is assoc:ffr o |
OKT-3 antigen present on the surffrlrcg it
Monoclonal antibody against QKtio pp
made and injected into the patier’ 25
the transplant rejection._ The for thispu*
orthoclone OKT-3 is mainly us®

e. -
- d. Monoclonal antibodi¢ mbrant>
termine the structure ofcell'mgcro gt cg; :

e. Theyare employed mcteria, vinse®
sification of closely related b2

protozoans.

arenst?®

)
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oNOCLONAL ANTIBODIES (MCAs)

M
| o

. in radioi
e used in ra 101mmun0assay,\
f They uno fluorescence assay in re- Hazards of MCAs =

and! Mo
ELISA fentify and detect some target prod- Vst of the mq
to10€ ce S¢ mye]
seafch d(i?]n gepes rf%lated to regm,‘;ll;la cells contain
uCts' MCAS are use d to detect the §xact p o- 1 antlbOdleS Were prepar d SeEs. Ifmono-
i &enzymes in the cells by using immuno- i i:;a cells, the MCAg may h:v:}?rr:i such my-
es. e
Smoﬁhemical methods. el S. The hazards of viruses ;llngerous
o p, MCAsare being used to detect and clas- : inated before using the MCAs IS ould be
; revent the vira] - norderto
; €s. . . . azards, the .
j einzl\)/);:noclonal antibodies areused inaffin- €S approve MCAs for medigngz;lllztsgfimhm-
. €rcon-

- columns to pickup proteins from the solu-
e They help to isolate and purify proteins

fion. ;
- pdenzymes from solutions.

-, Clinical Diagnosis
Since 1979, monoclonal antibodies have
- peenputinthe clinical diagnosis of certain se-
re diseases. MCAs are used as diagnostic
kit for-

i. Childhood diarrhoea

ii. Malaria

iii. Cancers in gastro-intestinal tract, pan-
' creas, breast, uterus, kidney, stomach, larynx,
liver, bone and connective tissue.

~ iv.Leukaemias

vi. Venereal diseases caused by Nisseria
- Lonorrhoea and Chlamydias.
- vil.Infections by herpes virus 1 and 2.

Pregﬂancy can be detected in women as .

“alyason or two weeks after conception us-
mgMCAs,
3 Treatment of Severe Diseases
" mcu{he; tc)ancc?rs of lungs, breast, pancreas, etc.
- nlgg) ig:]}fmg monoclonal antibodics. Marx
em’o nocle US meor}al Cancer Institute,
- fage g onal antibodies against some sur-
of cancer cells. That institute has

: §
- Meag *Veral cancer cases by injecting the

: MCAYSI'""S?" and Cioli (1982) have prepared
- Parggiy 82Nt the surface antigens of some
- Mg, rsse MCAs are used to control the
epr,, COM€Ma pallidom, Mycobacte-
> "1aemophilus influensae, etc.

ing that they are virys free,

Chimeric Antibodies

Antibodies consisting of
) ) parts o
ot s of o i
( ric antibodies. It has a con-
st.ant region from human gene and variable re-
gion from mouse gene.

The variable region of mouse origin deter-
mines the antigenic specificity to react with the
concerned antigen. The constant region of hu-
man origin prevents the immune response of the
patients against the antibody injected into the
body. As a part of chimeric antibody is of hu-
man origin, chimeric antibodies are also known
as humanized antibodies. .

Usually humanized antibodies are injected

to overcome the immune response
Therefore, they are

mouse antibody

into patients .
against the mouse antibody.
known as human anti-

) ight chain
lete gene that codes for light chal
Ay s bled from three DNA

coding for constant
ed from hu-

DNA segm :
Two antibody Were iso-

. The com-
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mwe Domain Antibodies  easyto prodyc, by geneg BI%M
‘ . Clic an..
; trand of antibodies, that can A complete eNgine
The single stra f : _heavy chain or } gene that ¢ eenng

. dwi ] he whole an-
pind with the target antigen as't : : _
sibodies do, is called single domain antibod- 108 DNA fragments from s assembledg%

ies or domain antibodies (Dabs). Dabs are and humar.l antibody gy, se ami%m
made up of either heavy chain or light chain. into £.colj throygh Veety S theniy, &

The antigen binding site consists of two ~ £-€0li is cultured jp large; Moty
polypeptide chains. The two polypeptide chains ducing Dabs in larger amom?t ey fo;H
are held together by a short polypeptide. As Researchers are gy, look

Dabs have a single domain structure, itis very ~ US€ Dabs in research, industrie
tics.

ing fOr Wa}] :
Sang

1

1

oo &5 cp
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GENIC PLANTS
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jg: TR45

o cco oxpressed the cloned pha-

trﬂ“ t he plant Was named fobean.
alue as a food crop.

g o oneli tion had in-

Howeve rigenetics corpora -
The Usifolfn gene of French bean into
Uoducedrpc Jithrough Ti plasmid. The trans-
stl"f"’we owerplams have been producing pha-
gel“S. iheir sceds: The phaseolin producing
;i,o,ﬂ m;”er plants are called sunbean. Sunbean

0 :

Jis1iC in protems. _
08 Grain maranthus conains a seed stor-
! AMA-L This protein is rich

tein Calle . L .
?g:l ] (r»,(s)se stial amino acids, but1t1s produced in
n Asis Datta and his colleagues in

nt. ASIS
i;a;é;l;‘\‘l’;‘ made cDNA of AMA-I protein and
introduced it into potato calli thrc_)ugh Ti plas-
nid. The ransgenic potatoes contain higher pro-
ortion of essential amino acid than what the
ordinary tubers contain. The starchy potato
holesome nutritive food. Field

ubers arenow a W |
rialshave been goingonto release the transgenic

potatoes for public use.

Sweet Proteins
Monellin is a sweet profein in the fruits of

the African plant, Dioscorephyllum cumminsii.
ltis 100,000 times sweeter than sucrose. 1t1s
aboon to diabetics as it is readily di gestible as
the normal dietary proteins. The gene coding
formonellin was isolated from D. cumminsii and
joned with 35§ promoter of CaMV. ltis intro-
d“C_ed into lettuce through Ti plasmid; the trans-
 geniclettuce produces monellin.
fruitzhe Ipf;)nellin geneis couplgd witha ton?ato
mmatgf}?rl cpromoter E8 and 1ntr9duced into
' owinghe .Ough Ti Plasmd. Monellin content 18
| genic tomlgtlmaung fruits and leaves of the trans-
" The gang 0, but it is very high in ripe fruits.
Thaii’::lc-'to{natoes are just in field trials.
et of ‘}‘h’n is a sweet protein present 11
- emic plan Ofaumatococcus dqnielli, an en-
Bacy]yy nam the Western Africa. Thg ver-
 Thaug o 3‘(’) Of.the plant is Katemfe.
D\ of 20 times sweeter than sugar.
- TRNA g g thaumatin 11 was made from
"0 cloned in E.coli and yeasts (Sac-

. gent

ch erevisi
nezrr‘{:ézycgs cerevisiae) The genetically engi
ThaumatrinnlcIrIolE)es produce thaumatin II.
A ;nd asl (li)t?en manufactured in large
sold in the name Talin. Talini
ands . Talin
aboon to diabetics who could not taste sugar;S

V1. Enriching the Carbohydrate
Contents

Plants have been '

. genetically manipu-
lated in such a way as to have improved soizi—
ble sugars. Stark and others in 1992 introduced
a mutant ADP glucose pyrophosphorylase

(GP) gene of E.coli into potato. The transgenic

potato has been richer in starch than the ordi-
nary tuber.

Muller Robertintroduced an antisense DNA
construct into potato. The transgenic potato has
been rich in glucose and sucrose, but poor in
starch. Itis used in the manufacture of glucose.

VIL Transgenic Rice with Vit-A
Vitamin A is a fat soluble vitamin formed

in the human body from precursors, the yellow

pigments of plants such as o, fand ycarotenes.

It is essential fornormal growthand development,
d for proper devel-

integrity of epithelial tissues an
opment of teeth and bones. Deficiency of this
yitamin causes disorders of skin, corned, con-
junctiva, hair follicles and renal pelvis. It mainly
interferes with ability of eye to adapt to darkness
(night blindness). Itis estimated that about 120

millions of children all over the world suffer from
bout 20 million

vitamin A deficiency- Every yeara .

childrenare victimized due to vitamin A deficiency
in areas where rice is used as major food crop.

Rice, thatisa staple food in almost all coun-

as neither vitamin A 1nor the precursor

tries, h ; .
’ But it contalns precursors

esareph
three enzy™! opene p-cyclase-

osaturase and lyc
. o okus and
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y using recombinant

as Golden

 This plant1s knownas |
1 ggolden rice, fwo daffodil genes
jal gene coding for p-carotene

synthesis from GGDP ar¢ 'transfc;;‘rnidl lt;) ;}EZ

{lus through transformation techniq d.calli
;c)‘limts regeneratefi from the transforme
prOdléclledils)lli‘:l’;golde1l rice contains all en-
Zymes responsible for synthesis qf /?-carotene
so that it accumulates B-carotene 1 1t. B§cause
of presence of B-carotene, dehusked grains ap-
 pearin yellowish brown colour and hence the
name goldenrice.

When the goldenrice is eaten, human body
immediately synthesizes vitamin A from the -
carotene. It will reduce vitamin A deficiency in
people suffering from under nutrition.

Fig.195. Grai

VIIL Tamns of golden rice.

| Improvmg the Qualit;lgef Oil

_ and Fatg °
Oil quality ¢

. an be i
netic engineeyi, : Mproved by using ge-

 tissues through Ti plasmi€: |

Arondel ang Othe
desqturase gene int the is
genic plants prodyce oil n-cape \ |
: Monsan.to. (1994 de:,g 0t~]in()1eic ‘J

pe sF:ed varieties 23.g. 17 OPeq 17 §
have improved see( fatty a:gd 2&‘19;%‘

for thioesterase (TE) vz t1 3. Gy %

) £
rape seed tissue through 1y bransfened%i

. 2 ! lo
tors.‘Tl.le transgenic plap; i risfﬁd bma%&
myristic acid, i ’“"raz,:

The gene for the biosyntheg
coa was transferred to S0ybean thls °f0ilium
mid. The transgenic Soybean pr;%u 'll
oil that can be used for chocolate m:;:;s
A gene for acyl carrier Protein g
ach was transferred to rapeseed throughor
mid. The transgenic rapese l

bean oil-like oil.

IX. Male Sterility and Fertiy
Restoration

Plant that cannot produce viablepla
grains, is called male sterile plant. Makse
ile plants are useful for plant breedingusugi
bridization method. They avoid the probs
emasculation. ]

The enzyme ribonuclease (RNaSC)"
pergillus oryzae selectively acts o0
RNAs and digests it. So pollengra®
develop from pollen mother cells [
Bacillus amyloliquefaciens sele™®
ribosomal RNA of anthers and heﬁ“,si '
len germination. It causes pollen St; P

A synthetic 7i RNase genle[,'qu y
and a ba RNase gene of B (é il
are joined together to geta ChllT}e" ol i
The chimeric RNase gene 8" ity

‘o insertel ™. i
promoter of tobacco ﬂﬂd}s ",} sgel¥ry
. off

ed Producesgy

regenerated from the reco” 1{ hef

Ti RNase and ba RNase:
tapetal layer nor pollen ! :ilc'
transgenic plants remain ste . USAw o
Monsanto company "11 (Braiﬂc.a
oped male sterile rape 3¢ mﬂl’km'
maize, cotton, groundm i, =
e . 11 +he Seeds 4
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