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COLONY HYBRIDIZATION
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This technique is used 1o identify those bacteri

al colonies in a plate, which cont
DNA sequence,

These bacterial colonies are obtained from bacterial
saquEnve was introduced through genetic engineering, and the given sequence is represented

by the probe used in the hybridization experiment, The procedure for colony hybridization is
brictly desernibved below.

410 a specific
cells into which this

REPLICA-PLATED ONTO A

-

MITROCELLULOSE FILTER
PLACED ON AN

AGAR PLATE
NITROCELLLLOSE MASTERPLATE VWITH
FILTER BACTERIAL COLONES
BEMOVE THE FILTER
FROM AGAR PLATE ETNED
INTACT
Y
«
MASTER PLATE
FALTER VWITH COMNMPARE AMD
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4, WASH AMND
DENATURE DMNA
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i. MYBRIDIZE WITH}
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Ara

2. AUTORADIOGRAFHY

FILTER, WITH AUTORADIOGRAPH

DNA PRINT

Fig. 3.1.1. Colony hybridization scheme is used lo idenlify baclerial

: colonies containing a specific
sequence of DNA, which is represented by the radinaclive probe ysed in the tesl.

I. The bacterial cells subjected 10 transformation

e are plated onto a suitable agar plate;
this is the master plate,

Il

The colonies of master plate

: are replica-plated onto g nitrocellulose filter membrune
placed on agar medium,

FFor replica plating, a block ol wood or cork, of suitable
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L . with velvet cloth. This block ,iﬁ sterilized ang
ol W vt toushes all the colonies: the blog), j;
% 1::.:Ilulvunc: filter so that the t“"{lmul well
filier. The master plate is retaing
ath on the master plate and on th,

plate, is cove
wster plate tll Ih¢1
| onto the mir
ferred onto the
irhed |

diameter for the masict
then lowered into the 1
withdrawn and gemly loweret
stiching on to the velver are ranstetts
intact for later use. A reference point 1s .

i e 0 i O ‘. M5,
replica plate 1o Tacilitute later comparse |
gendi he agar plate and treated with

. : e B PN m
After the colonies appear. the filter is removed fro .
]'-. ..'1.1.|.'..|I “I. LHIL" [ I}"' Ilr_‘_" I]N."‘. rr_![L‘:ISCd |Fl‘|ll1 ”]L‘bl.'_'

alkali to Iyse the bacterial cells. This also denatures |
cells. ‘
4. The filter is wreated with proteinase K to digest and remove the proteins; the

denatered DNA remains bound 1o the nlier.

5. The filter is now baked at $0° C 1o fix the DNA; this yields the DNA-print of
bactenial colonies in the same relative positions as those of the colonices themselves in
the muaster plate,

(- The fiter is now hybridized with the radioactive probe; the probe represents the

sequence of DNA sezment used for transformation. The unhybridized probe is
removed by repeated washing.

7. The colonies whose DNA hybridizes with the probe are detected by autoradiography:
. !
anly these colonies show up in the autoradiograph. R

The Im'-.'ll'tuuh n!: colonies 5]‘1|_‘|'.1-ir1g up in the .mlumdmgmph ATC COMmpar f

masterplate to identily the colonies that contain the DNA segment in auect: el i

are then picked up for Tunther studies. A vanation of this procedure C:lln "ti““”* ITII;;- colonies
= applied 1o phage

plagues as well.
SOUTHERN HYBRIDIZATION

The namee of this wechnique is derived from the following: (1) the name of ;e -

Huuﬂ.mm, and (2) the DNA-DNA hy bridization that forms its basis, Iy i: nll' o Mventor, E.\
Plotting since the procedure for transter of DNA from the el 10 Ih.-:‘TI s'ﬂ Calleg *'-"'”"Hu'lnr.
resembles blotting. This technigque has since been extended 1o ;III.' alnql}ﬂi-;nlt[w“”lrluw lilte
Iotting y and proteins (western blotting iz these numes are oaly jargon .r._»',“r ”,N""" hmru".:r
Southern being northern and so on, and do not reflect .JI‘H.' ]'Illtcli:::f'lml” n:rurm-t::'l'
sl anee. : W or “-‘-h'rri.;,-l,;

n Southem hybrdization, o sample of DNA ¢ Inine s
In Si & 3 C sample of DNA containing fragments of dilfers

subjected 1o '-'l"-"""_“['h"”'-'f'“ using cither polyacrylamide or agarose gel. The Dy Sirey gy
iy cither be subjected o mechanical shearing or to restriction endonuclease ~A 5 Ple

. . diH“ Ly -
. sl L] o iy - - o i oghge o, = i !I -
order to generate the Trgments. Agarose gel is useful in separating DNA fragmeng f:ﬂ“ n

. At b seee, while palvacryvlamide is oreferre . -
lndeed o ) . preferred for smaller fr::i-_nm“"_ Ve iy

DNA fragments of upis LOUO-2000 kb aire separated in agarose gel with pulsed cl-.»cl-tl"_rl:::
fig lds, o el TR 1AL i
\
.
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The gel provides @ complex network of polymeric molecules through which DNA
fragmen's migrate, depending on their sizes, under an electric leld since DNA molecules are
pegatively charged. Smaller molecules ol DNA migrate relatively Laster i the harger ones.
.‘-I.-uL..-: DNA fragments of known sizes are tun in g separate lanes this pernits an .'.I-..It"ll.l'-lfl'
Jetermination of the size of an unknown DNA molecule by interpolation. The pels are stained
with the intercalcating dye ethidium bromide which, gives visible fluorescence on
ilemination of the gel with UV Tights as linde as 0,05 jg of DNA inone band can be detected
by using this dye. This approach is uselul when few DNA fragments with considerable length
J.itl.l..‘TL‘I‘lk'ﬂ:i are to be separated and studicd. This approach also separales the closed circular
isupercoiled), micked (relaned) and linear configurations of @ single DNA molecule.

ln many situations. it is critical to detect and identify DNA fragments in a sample that are
complementary to a given DNA sequence. ¢.g.. to demonstrate the presence of the gene in
question in transgenics, 1o detect and sty RELP (restriction fragment length polymorpliism),
ete. This is achieved by Southern hybridization in whicl the following steps are perlormed,

I, The restriction fragments of DNA present in agarose pel (after electrophoresis) are

denatured into single-stranded form by alkali treatment,

'!_J

They are then transferred onto a nitrocellulose filler membrane: this is done by
placing the gel on top of u buller saurated filter paper, then laying the nitrocellulose
filter membrane on the top of gel, and finally placing some dry filter papers on lop of
this membrane. The buffer moves, due to capillary action, from the bottom filter
paper through the gel carrving with it the denatured DNA present in the eels the DNA
becomes trupped in the mitrocellulose membrane as the buffer phases through it This
process is known as blotting and takes several hours to complete. The relative
positions of the bands on the membrane remain the same as those in the gel and there
is o minimal loss in their resolution (sharpness),

3. The nitroce!lulose membrane is now removed from the hlotting stack, and the DNA
is permanently immobilized on the membrane by baking it at 80°C in vacuo,

4. Single-strandad DNA has a high alfinity for nitrocellulose filter membrane. (Note
that RNA lacks this affinity). Therefore, the baked membrane is treated with a
solution containing 0.2% cach of Ficoll (an artilicial polymer of sucrose),
polyvinylpyrrolidone and bovine serum albumin; this mixture is often supplemented
with an irrelevant nucleic acid, e.g. IRNA (pretreatment). This treatment prevents
nonspecific binding of the radioactive probe (to be used in the next step) probably by
attaching macromolecules o all the free binding sites on the membrane. Often I|1"'
above minture is included in the hybridization reaction itself, ' i

The pretreated membrane is placed in a solution of radioaclive, single-stranded DNA
or an oligodeoxynueleotide (a DNA segment having few 1o spy P reloaii i
called probe. The name probe signifies the fact that this
dt:h:cl and identify the DNA fragment in the gel
te probe, The conditions during this step are chosen <a th. "
with the complementary DNA on the Iﬂl:I:HhrthI:“:: :}12“.:]::1[ ,”h: Pm‘w |:l.:.'hr|d1n-_,-_;
Ronspecific binding on the membrane; this step is known 1’ Nlm,“:"m?t with a _hw
as Nybridization reactiou,

eril nuycleotides)
4 h DNA molecule is used to
membrane thay i complementary to
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airing of radioactive . .
parrng ol '*"J"”_*‘T""- probe o reluted sequences and o allow only perfectly
complementary pairing, '

i, "HIILI the |'l!|.1 ridie Hion reaction, the membrane is wished 1o remove the unbound
probes.

Th-{ mcmh{';um: is now pliced in close contact with an N-ray film and incubated for 2
_d_"”“fd F’f”‘\d o allow images due o the rdioactive |‘|ru'w.~: to be formed on the (il
Phe hilmois then developed o reveal distinet band(s) indicating positions in the gel of
liludil.\'.-‘i. fragments that are complementary to the radioactive probe used in the
study.

[t should be kept in mind that clectrophoresis of sheared or restricted DNA produces i
siear i which the frugments are distributed in a continuum secondmg to their size, and there
are no distinet bands. The distinet bands are produced by the hyhridization reaction of the
selected probe with one or few Fragment sequences present in e eel. The Southern blotting
technique is extremely sensitive. It can be used 10 map the restriction sites around a single
COPY Fene sequence in any cenome (even of man) It is wsed for DNA fingerprinting.,
preparation of RELP muaps, detection and identification of the transferred BONCs in ransgenic
individuals, ote.

Recently some new membrane materials, .4 nylon membranes, huve been developed
which have the following advantageous features: (1) They are physically robust in
comparison o nitrocelllose Gilter membranes, (23 both DNA and BNA become cross-linked
tothem by i bricl exposure 10 UV Light, which (31 saves the time needed for baking in vacuo
in the case of nitrocelluluse membranes, and () the same membrane blot, eug.. a membrane
onto which DNA/RNA hus been transferred from a pel and cross-linked by UN exposure, can
be used for search with more than one probe after removing the earlier probe by high
temperature washing or some other denaturing procedure; in other words. the nylon

membranes are reusable.

[APPENDIX=3IIIN
DOT BLOT TECHNIQUE

This technique is used to detect the presence of a given sequence of DNA/RNA in the
nuntractionated (not subjected to gel electrophoresis) DNAL Sample DNAs from several
tssues/individuals can be tested in a single test-run. Dot blots are uselul in detecting the
Presence of the sequence being transterred in o number of suspected transgenic individuals,
und the presence of a specific mRNA in several such individuals or in different tissues of a
sngle individual. The generalized procedure of dot blotis briefly described below.,
I The sample DNAs (or RNAs) from different individuals or tissues are transferred
onto a nitrocellulose filter in form of dots: several samples are dot-blotted onto
single filter (Fig, L)L A sample DNA or RNA is the total DNA or RINA extracted

from an individual or a tissue.
The DNA s first denatured and then the filter is backed at 80°C 1o fin the DNA
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filter 15 NOW washed repeatedly 1

(ilter is now pretl
« filter (see, South

the appropriate 1
sidization. The

firmly onto the Gilter The

'hin.h-n;:_ of the probe to th
3. The filter is then treated with
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remove the free probe,

)
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Fig 3.0, A schomata represuntation of the dot bilol technique for dotectin

L i . lhf_l '
e in DRA [l:u' FTH,.'I.} from soveral incaduals of tissups, a 4 “!"Qﬂ':ﬂ ol a e

d. Dots having the appropriate DNA or RNA sequence will hybyig;
e » . " - ) ) I I \ : : : "
fddm.u:n-. probes. These dots are detected by sutoradio-graphy; the in[f'* Wil the
m the autorsdiograph corresponds fairly well with the extem tn'v.h'r-'h IJ”'lm} of doy
is represented in the sample. h DNA o RN A
The dots that show up in the autoradiograph denote the individuats B i i
NNA or RNA sequence corresponding 1o the prove is represented. Iy cqase rf M“; "ﬂ”h."'
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NORTHERN HYEHIDIZRTION

RNA bands are transferrey
¢ or nylon membranes,
ded DNA |"II'U|:‘||,_':.;, and

ol electrophoresis., the
onymethy] (DBMD pape
radioactive single-stran

In this technique, RNAs are ‘~'-'i”‘~“~”'“| by £
onto 4 suitable membrane. ¢.g.. |.I1,::uh:nﬂ}|l
and immobilized: the bands are hybridized with : _
the bands showing hybridization are detected by sutoradiography. .
Clearly. northem bletting/hybridization is simply an extension nl.lhs.' Eju.mh:r‘n FT!U””}E
technique :i-‘i-;. 3IL1). The two technigues, however, show the f'.‘I“U‘-‘: '"E; differences: (1 J’ i
Southern hybridization, DNA is separated by gel electrophoresis, while in northern blotting
RNAs are separated; (2) as a result, in Southern hybridization NDNA has 1o be denatured
before blotting, while this step is not needed in northern hvbridization: (3) nitrocellulose
membrane is generally not used for northern. while it is often used for Southern
hybridization; and finally 41 hybridization with the probe produces DNA @ DNA hybrid
molecules in Southern hybridization but RNA : DNA molecules in northem hy bridization,
dhmtiaio of e oot o e )L DB, e pecpaed by
TP R R I‘i eeh .1*.~.u5:.. hh-r northemn blotting since RNA did
not . ovellutose membrane. RNA becomes covalently bound to DBM paper due 1o
which these blot-transfers wre reusable. DEM is also equalls etlective in hind: b 3
DNALand s more efficient than nitrocellulose in Iwimlqin.-1 £ L.Ltm :n hm"'m-ﬂ te denatured
reusable and bind (by cross-linking) 10 RN A an 1 hl'iﬂi'll-"crmur .‘ i’;“:‘“_r as they are robust,
Northern hybridization s waslul S o UV light.
_ ; -.J.lm.l-l's. uselul in the identification and separats
L-.u-.:i‘-':‘_'m_»‘rllur} W a specific DNA probe; this js g SCNSit ..P 2'0n of the RNA that is
transenption of a DNA sequence thalt is used ay probe, THIVE test for the detection of

!APPENDIX=3\I2
WESTERN BLOTTING

In western blotting, proteins are clectrophore

. :"ul.-l In Pl'l['l.‘;_“:;'l,ll- 5

L & B 10 el L]
mitrucellulose or nylon membrane (10 whicli they bind ﬂmn:'h' i
detected hy their specific interaction with antibodies. lectine o by
vartous steps ol this technique are briefly described below

ransferred ango a
Protein b

" -:]n.dj. T L]
o SO ther COmpoup ']-IIrL
5. The

; el ] ] .|, & i

I Provein bands are separated by polyacrylamide pel clectrophores
» The il , . P AT
2. The peotein bands are transterred onto a nitrocellglose
thes was achieve A e
Al . ;ru.!.h} < capillary movement of buffer similay o8 : II|1Ii.’j[|}.
';TPI m.f} i e but nowadays it is ysyally done hy Outhern h'm:inl-!
(electrophoretic blotting). Elecuophoresis has been 'Ii‘Fli d : chc““l’:"mlu\iﬂ.
. L ar | 12 ]k

Southern and northern by bridizations s well: in such cases | 2 hrnuiug step in
strength (o avord overheatin: i i ©s bulfer Pl
el :J b dd vetheating during eleenrophoresis) and nylon memi ow ionic
celete acids bar 1 - y . J Linbr;
nuclee ae a1 muocellulose membrane only upder conditio ;-'.Illm:.'~ s
o s o |i1:h .y
longe
—

or nylon Membryne.

\

'
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steenpth) are ised. The elecirophoretic blotting, both of proteins and nucleic acids 1S
pch Laster atel more elficien than capillary bloting.

Vo The specitic protein bands are idenntied in g variety of ways. (f) Antibodies are ““{
most cotmonly used as probes for detecting specific antigens. (i) Lectins are us::d;lt;
probes tor the sdennfication of glycoproteins. These probes may llla.'nlfik:lf‘-'ﬁ_ e
radiwoactive or i tadivactive molecule may be tagped 1o them. Often the i..!u:nt:llculjtzﬂ
process is bosed on o ‘samdwich® reection. i such an approach, 2 "F“"'i"“'bpc"”l,‘c
second antibody or protein A of Stepfndececcns durens (protein A hi:n.l.\l o ::rt'rl-'-ll_"
subvlasses of 1pGoantibodies) or streptavidin (it binds o biotinylated antibodies) 1s
wsed 10 bind 10 the antibodies bound (o the protein bunds. These second |'|1[1-IL:'C1111:5I
may be Labetled with radivactive, enzyme or Mluorescent tags: a single preparation of
these Labelled molecules can be employed as a general detector lor various probes.

PROBES

Probes are small (15—30 bases long) nucleotide sequences used to detect the presence of
complementary sequences in nucleic acid samples. This is achieved by permitting the probes
o base pair with the sample nucleic acids and then identifying the samples that show base
panng with the probes, fe, avbridization The detection of hybridization is nghly precise
and extremely sensitive provided the probes are suitably labelled Tor an casy detection.
Cleatly hy bridization can occur unly when the base sequence of s probe 1s present within the
gene or DNA sepment, which it is aimed 1o detect.

Both DNA and RNA are used as probes. Single-stranded DNA probes ire more
conventent and preferable, but denatured double-stranded DNA molecules can also be used.
RNA probes are ordinarily single-strunded.

Preparation of Probes. 'robes can be obtained in several ways; some of the important
ones are briefly described below,

I Highly purificd mRNA can be used as probe; mRNA's are naturally single-<tranded.
2. Single-strand RNA probes can be readily prepared by cloning the corresponding
DNA sequence inserted into a special vector like pGEM or phage MI3 vectors
pGEM has a different and specific prokaryotic promoter on the l'h"-{l:.‘ll.’..i.-s of the i).“h‘;
nsert. The recombinant DNA s linearized and transcribed in vitro with the
appropriste probaryotic RNA polymerase to obtain RNA molecules complementary
o one or the other strand of the DNA insert. .

[]1\; =1 - " ] - LY -

. A segments isoluted from the genome of an organism or ¢DNA molecules
Prepared by using mRNAs can be cloned in £ coli and ueed ac probes. Ti o
Ol mecessity, will b double-stranded ' - These probes,

Mngle-stranded cDNA probes can be prepared by limiting

Nty tr]'[_- ':{_'i 1.‘ w ¥
feverse transcrniplase to only one strand. pring of mRNA h}
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development necessary for detection: these tails have a nans;.aei:il‘ic base sequence ac;::::dtlzf:j
same tail can be added to any probe. These probes are hybridized with the t-.:.stft.rs i
fixed to a solid support and the nonhybridized probes are wusheld ofl. The h}"hrl-fjljﬂt. I'Sm.
are detected by the development of blue colour following a series ﬂl’kcyu.:clfunnm.l riq,.u:, [ ' ||
which basically utilize the affinity of egg white glycoprotein avidin for biotin. TI.||:-. dp,pm-di:.s
has the advantage of being much fuster than that with radioactive probes, which rr.quur'.d
autoradiography. But its chief disadvantage relates to the inability to reuse the ﬁl%:.:r I‘SGFII‘
support) and the nucleic acids fixed to it for hybridization with ‘m.ller probes :‘:II.ICL tlc:
reactions leading to the colour development produce insoluble precipitates. In contrast, the
radiouctive probes are easily removed by washing under conditions favouring denaturation,
c.¢.. high pH, and the same filter can be reused for hybridization with a series of probes. used
ane at i time.

Nucleotides conjugated with digoxigenin. a plant derived chemical, may be uscd. in nick-
runslation to produce digoxigenin lubelled probes. The probes are used in h}’hfidiﬂ“f{m_ﬂncf
washing away the free probes, the flter is incubated in a detection buffer containing a
digoxigenin specific antibody (anti-digoxigenin) coupled with an enzyme (usually alkaline
phosphatase). After appropriate washing, the alkaline phosphatase activity is detected by
using o suitable substrate that yields colour due to the enzyme aclion.

Nucleotides have been conjugated with other ligands that produce some detectable signal,
e.y.. lluorescence, enzyme activity. etc. The signals from probes can be amplified by any one
of several approaches, e.¢.. (i) attaching multiple enzyme molecules to each probe molecule,
tir) adding nonspecific labelled tails to the probes. (iii) using multiple secondary probes that

hybridize with multiple target specific primary probes (Christmas tree or forest approach),
ele.

Applications of Probes

l. Identification of the recombinant ¢lones carrying the desired DNA inserts; this is the
most critical step in DNA cloning (techniques used: Southern. no

rthern, colony, dot
blot hybridizations),

2 Confirmation of the integration and detection of copy
hybridization) of u DNA insert in the host genome, and its ex
cells (northern hybridization).

number (by Southern
Pression in transformed

j. Development of RELP (restriction fragment length polymorphism) maps (Chapter 7),
. Eur:it;iniz;?;r;:?pi,r::c_lhe unequivocal identification of plant variefjes, Criminals,
S In st hybridiyar :

;t:q:1:::3:5}i:r;f;:;;ditjll{slh-fis&izﬁ:;.3-x} for determining (he locations of specific
6. Ac .

?{‘;1:::;1:: E:il_ug“mig of diseases caused by parasites pathogens o defectjye Viruses
!
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90 haematoxylin and EDSiI‘!, and the Shides g
\ hen exposed to specilic nonradioagyj,,
permits the correlation of

wax, sectioned. stained with u suitable 5{":”."‘ EH .l
’ - icroscope. The sections dre .
viewed under light microscope. . lisht microscope. This el
probes and viewed again und-:‘r the hig sined with the probes, and determination Of the
conventional microscope data with [ll.’.]F obtaine i
location of concerned puthogens in the tissues and Lf: S. - - Iabclling o " ’
Alternatively, in sitn hybridization can bc_i:urr:;eld ]U;I_;t:ls:_ﬁnwﬂ in situ hybridizatio, |
lace of radioactive labelling: this strategy 1s callec ’ .
FF.’SHJ It dilferent fluorochromes are used, two or more genes can be lfsud. for Mml{“'.im'?us |
m situ hybridization: this 1s referred to as multicolour fluorescene in situ hybridization [
(MeFISH). McFISH allows determination of the relative locations of two or more genc:ﬁ (or |
any other DNA sequences) in the chromosomes. It also permits 4 more precise analysis of
chromosomal Fearrangements; in such a case. such probes are used whose chromosomal |
locations are already known: this approach yields much quicker results than do the

comventional staining techniques.
APPENDIX—3:X|

GEL ELECTROPHORES)S

Electrophoresis is the technique of sepuarar

paration of chargeq Molecules i
etropho _ : . nde 2 of &
electrical field so 1hyy they migrate in (he direction of clectrode b rin l?he Inﬂll'EHCL e
vz, calionic I positively churged) molecules moye toward cathgq T S roRus sl

(negatively charged) molecules travel towards anod ’ i E[E(:lmdﬂ
separated are maintained in dueous phase, The
of a molecule depends on s charge and mole
by the following: (1) the Lype. concentration
strength of the elecirical field. and (4) (he naty
clectrophoresis.

) and anionic
- The Molecules 1o pe
Tophoretic ,, obility)

and pH of bul"ﬂ::]r{i;nc:]ucme is influenced
1 i L Tl.:l'.l"tpi-_'r;_"urc. {3}

re of the Suppory Materiy) (m, trix) ysed fi
sed for

3.XL.1. Types of Electrophoresis

There are basically three differen electrophoretic meyp
sometimes called zope electrophoresis), (2) Isotachophoresis and (3) is;;;ﬂ .

huge variety ol electrophoretic methods have been deviseq (0 achieve sp&;;:_"'“-' fmuEH;"g_ A
ereater details and procedural l.iirt:-.:lh':::-.f\'uriﬂlimls. the reader j advised g ch: 0 CClivag. for
tallowing books, RUEITT T ONe of he

7£’£‘-"I!qu=.r, anel Hfr)rhemi !
“al ang

ods as followys. Clecy
ro

I. Andrews, A.T. 1986. Electraphoresis, Theory,
Clinical Applications, C larendon Press, O ford.

2. Chrambach. A 1985, The Practice of Quantitative Gel Electrn
ok ;
Weinheim, resis. vey,
3. Mosher, R.A. Saville. D.A. and Thorman, w. 1992,
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o ol T TY Jectrophoresis, or ina
Electrophoresis can be carned out i free solutions, e.g., capillary LI-EL[‘H._l p-cn' wion of gel
i 1 = T o W = *h =
«tahilizing support material like thin-layer plates, films and gels. A briel desert
u:Ic-.'lruplmrcsis 15 given below,

3.X1.2. Gel electrophoresis

Gel matrices should have adjustable and regular pore size, should be L‘|_1Eff"'~'il|_13' """‘Ijr:vf::ifir
hould not exhibit electroosmosis, Electroosmosis is the phenomenon t‘_}l ""E_m““'f .-w'n.iun
;uwurd an electrode as a result of the -““I‘I““""ll medium and/or the Kllrlilt.'-c_r‘i:_)]t lhz:ei Llrm:a
cquipment. e.g.. of capillanies, also carrying charge. (he gel can be as vertical rods. &5 PEEE
or horizontal slabs. The Tollowing types of gels are commonly used.

. Agarose Gels. These gels have large pores, and are used for analysis ol mulccula; of
aver 10 nm diameter. Agarose is a polysacchande obtained from red s-.::;m'uw.l, W =N
aearopectin is removed, agarose gells with melting points from 35°C to 95°C _11”15 "i‘r}""_E
Jegrees of electroosmosis are obtained. Agarose dissolves in hot water, When this solution 1s
mLI::-.I. double helices form and become arranged laterally the produce thick Mlaments; these
filaments become cross-linked to torm the gel (Fig, 3.X1.1). Pore size depends on agarose
concentration (w/v): in general, a 1% (w/v) gel will have a pore sizc of 150 nm, while a
0.16% gel has pore size of 500 nm.

Gels having 0.7 to 1% agarose have large pore size, Such horizontal agarose gels are used
for the separation of high molecular weight proteins, e.g., serum proteins, and enzymes. ¢.g..
isoenzymes of diagnostic importance, and of large (few 1o several kb) fragments of DNA.
Proteins separated in agarose gels can be subjected to immunolixation, immunoprntimg and

immunoblotting. Agrarose gels are also used for immunoelectrophoresis and affinity
electrophoresis.

Agarose gels above |% concentration are cloudy and exhibit high electro-osmotic flow.,
These gels are, therefore used for the separation of very high molecular weight proteins or
protein aggregates, However, they are the standard mediom for separation, identification
RFL-analysis, and purification of DNA and RNA fragments; for these applications,
honzontal submarine agarose gels are used to prevent the gel from drying out.

2. Polyacrylamide Gels. These gels are obtained by copolymerization of acrvlamide
(CH=CH—CONH,) monomers with a cross-linking  reagent (usually. N N’
methylenehisacrylamide, bisacrviamide n short) (g, 3.X1.2). I;nh‘m_'l‘\'hll‘"ill;'. W s
ransparent, chemically inert and, paricularly, mechanically stable, and they exhibit
ZL::;:nusmusi:-.. TFn: temperature durir}g polymerization should be maintined
und.;-lf} prevent incomplete polymerization. In

C i nert smosphere since oxy
Minnnized by castin
sl e ;'-'i'.ftf“';:.‘
they s,y

pels are
very Litle
: above 20°C in
addition, polymerization shoul( 11ke nl
: gen can act as a free radical trap, Oxygen absorption is
g the gels i vertical chambers, e.g., molds formed h:\' two vl i late
r around the edges in the case of flat gels. The monomers o glass plates

T " ] s frre " I
i be handled veith the utmost care. re laxic; therefare
ll”f_:nm:ll

imalucnl..r W
Poly g, ryl

e

) s § L LT LS i "o “
ipfl vacry lamde gels polymerized on ultra-thin BIms dre used 1o separate low
e i " o= . . O SCpEiEe I
it ¥--| compounds. e.g.. dyes with moieculyr weiphts of SO0 Dilto
v ECls are also used for analysis of nu J il e

e acids, || DNA sequencimg, for
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, llipsoids); their separyj,,
id unfolded and stretched (they form ellip
3. The polypepti ¢s are o
gives high resolution and sharp band

-y L LHTA Y ﬁ.‘..
The bands are easy 1o ir molecular mass.
- molecu
Separation of protein molecules is based on their

' 2 native proteins.
The proteins treated with SDS fix dyes better than the n p

SDS; therefore, egch
+ Charge dilferences between isoenzymes are cum.:el]‘ed 2’
enzyme forms one band only, which includes all the 1sozymes.

8. SDS solubilizes al| proteins
proteins,

- = L fe

including very hydrophobic and even denatured

APPENDIX-3.X]|

MICROARRAYS

An array is 4 SYstemalic arrangemeny ol a group of data. In case nl'micmarruys. a series of
probes gre tmmobilized on a slass slide g Microdors, which qre then hy
MIXtre of test DNA Sequences "

bridized with a
thar are labelled with a ﬂnrnmrhrmm'.
number of probes js spotted on 10 the slide :

An EXtremely large
i “"“*_‘ Probe is a pyre Preparation, (he lest DNA is
4 Mixture of sequences and the resulis gre Visualized by confoes micrmr:np}-
Mium:lrruj.-:-. were first

used in case of ye
Was obtained as an individuy:

arrays of 80 spots x () spot
under u spr of given conditj
into ¢cDNA und the ¢DNA s Muorescen)y

is converted
hybridization with the miers O identity ¢ libelleg ;
hndization with the Microarray. and (}, identity q SPOLS shows 'S used for
hybridization s determineq by confocy OWing

Orescene. ie.,
. ® e I T § - H o i hE spuls Shﬂ-“.'jn
represent the genes thay were expressed in the cel)s (Fig. 3.x1 ). It &
single-stranded DNA preparati )

mﬂ:," hl.',"_ pn
L.

ast, which es. Ever
i clone ang 4 sample of eac)y Ecne wyg Spolteg
5. In order 1o determ; ' i

Muorescence
Nled oyt gy

3.XIL.1. Types of Minrnarrays

AL present, microarrays are basically of (wo types: (1) DNA microary,

and (2) antibod, microarrays, The pDNA 3

. | micrn;]rru}-r. are of |wq bagjc v 1""i“l‘:'.!r’ used),
microarrays and () oligonueleotjde |l]i|.:ru'.1rr;|3' or DNA chips, | Ypes:

m,’rrrmrm_l's. DNA Seepliences representing differeny kenes of an ”rn cu.ﬁ?
(e g these micre MATTaNy are uveef fet tHey hﬂ'llg : ‘ PR

IS the lota| mRN:{ &
I gene EXpression |
enees derjyeq in

n"t'fr'rmi'm* I
oncerned, ioe. their franscriptome, Tmnsrrfpmmr
l' " “ L ]

somposition) of a cell, and reflects the overall partern o
Lt : .
DNA microarrays can be prepared by using pN sequ

. : The
one the !ali‘ﬂwing
WVs, LT L
] I. Sequences obtained from individual cloned genes,
P Y ]
Y A systematized collection of ¢DNAs, ofgep derived fropm Collectiong T expyes
- 3 ' "ssf_-d
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A. MICROARRAY

1. mRMNA ISCLATED

2. cDNA PREPARED AND
FLUORESCENTLY LABELLED

3. LABELLED cDNA HYBRIDIZED
WITH MICROARRAAY

4. CONFOCAL MICROSCOPY
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WN IN C. YEAST CELLS GROWN IN

® ?;v?;;:r?élsﬂﬁ*?u ENVIRONMENT 2

Fig. 3.XII.1. Use of DNA microarrays in yeast. A. A DNA micrearray {only 10 = 10 spots are shown). B
and C. Microarrays as seen by confocal microscopy; the dark spots represent fluorescence
(= hybridization with labelied cDNA) and hence the Iranscribed genes. A comparison of B
and C reveals the identity of genes that are differentially expressed under these two

environments.

sequence tags (ESTs). ESTs are short sequences obtained from the ends of cDNAs,
i.e., partial gene sequences. Thus each EST represents a different pene,

3. ESTs or cDNAs from a related species.

The antibodies microarrays, on the other hand, consit of spots of different antibodies and
U2 used 1o measure the abundance of thousands of different proteins in the samples; these are
in L‘-c!.'elnpmrnml stages.

3XI1.2. DNA Chips (Oligonucleotide Microarrays)

nlrt"‘ ff”'PS_cr oligonucleotide microarrays are thin wufers of silicon glass carrying many
'-'Ig::ml nhgunu:'lu‘un._;ﬁ synthesized at a very hlgh densuyr (300,000 10 over | million
. Iluc uuudu‘s!cm'} directly onto the v:'ufq:r. The nl:gunuclmndes are synthesized at a high
-'_‘|1'[. resolution and in precise locations: each oligonucleotide by y

qu

. 5 lhe sequence of
Erent pe . - : . . i
“M gene present in the genome. Therefore, sequence information for the genes A4

"Usented in the DNA chip must be available. The oligonucleotide synthesis is based on 1y,
. FD

y
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_ 1esis; 1l USES a Series gf
techniques called photolithography and solid-phase DNA ws};":fl! groups. The DNA chip
building blocks that contain photochemically removable prﬂh_-cl-' . hamber into whicl
are inverted and mounted in & temperature-controlled hybridization ¢ i N hl
fluorescently labelled cDNA prepuration is injected and allowed to hybri IZE‘ with the
oligonucleatides. Laser excitation enters through the back of the glass support focussed at the
interfuce of the array surface and target solution. Fluorescent emission is collected by a lens
and passed on 1o a sensitive detector and a quantitative assay of hybridization intensity is
obtained. DNA chips present an altemative to the DNA microarrays.

3.XI11.3. Applications of Microarrays

L. Studies of the gene expression pattern of an organism as affe

ct ! 1 o) g
development and/or environment. ed by the stage of

o

Identification of common regulatory elements shared by coregulated gen
L ) es.

DNA th[_:s c.m1 be prepared for (he detection of SNPs («<; .

polymarphisms: Chapter 15); these are calleg SNP chips wirgle BUSiCRIEE

4. DNA chips can be used for the det '

ection of geneti
mutant alleles causing cystic fibrosjs, mutant alle]e
in breast cancer), elc.

Tad

¢ diseases, o

s of gepe B‘R'H” b detection of

CAT (gene involved
3.XIL4. Advantages of Microarrays/DNA Chi
. The unalyses based on microarrays/DNA ¢f

All the genes present in the

é . i 1€ Eenome are analyzed ; [

B . : g : ©are amalyzed in one lest. Y Sensitive,
e assay also provides quantitative data, viz., (he |

genes. o evel of CXpre

ps

Wps are very rapid ang high]

id o =
|

=

] Ssiop .
Multiple colour test (= target) samples using a single DNA Of different
Chip/ m;

Croy-
g
ENZYMES USED IN HECUMBINANT DNA T

Recombinant DNA technology em
The features and uses of restriction e
(Section 2.3). A brief description of (h

S 10 ach;
n uduqua|g|y dEScEE Spcciﬁc
enzymes is piven beloy, 1 Ch

ploys a variety of enzyme
nzymes have bee
¢ other important

Loalg

i
3.XIIL.1. DNA Ligase Pler 5

DNA ligase enzyme scal nicks between adjacem
muolecule. [Uis sometimes termed as molecular glue.
colr cells infected with phage T4, In fact all living ¢
nt"lLJ“"‘””i“:" nucleotides flanking a disco1in,

nucleotides in a doy

b
Usually, DNA liguse j5 o M
Y BUSE 1S prepg,. 9 D, !
ells produce ligage that juin[:‘::uu r"“)'\ﬂ

¥ My

1y in a DNA stra Loy N 8
- X A 5 il . . ) et i nd ['0 -
‘*|‘h”i[h:-tcr' bond. A discontinuity in u DNA strand is the sjle at which the :;“I’mfnlrrmhr th, J

|:h ()
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