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History of Lhromats -_

The firstgdetailed description of chromatography is gener%
credited to ﬂ‘f Tswett, a Russian biochemist, who separated
chlorophyll from a mixture of plant pigments in 1906 and because of the
nature of the pigments in the sample, each band had a distinctive colour.
Thus, the name of the process was coine‘m ﬁ%e GreeR, words for
“chromo” means colour and “graphy” means tokg@ite.

~ Chromatography became,developed substantially as a result of the
work, of Archer John ®orter Martin¥and Richard Laurence Millington
Synge during the 1940s and 1950s. They established the principles and
basic techniques of partition chromatography and their word encouraged
e rapid development of several types of chromatogrdphy methods such as
Paper chromatography, Gas chromatography and what would become
Rnown as..’z'{'“ﬁ performance liquid chromatography. Since then, the
technology has advanced gapidly. |




What is Chromatography?

M The term chilematography bunches together a family 'qf
closely related eXtremely powerful separation methods.

# The feature common to them all is that two mutually
miscible phases are brought into cont ith each other. One
of these phases is stationary, while THe other is mobile; the
mobile phase either moves the surface or percolates
through the interstices of the stationary phase

* The sample mixture, introduced into the mobile phase
un’efgoes repeated interactions between the stationary and

mobile phages while being carried through the system by the
mobile phase. ®
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# Different components of the sample mixture interacts
with the two phases differentially on the basis of small
differences in tleir physico-chemical properties.

# Since these gérent rates of interaction govern the
migration of the sample components through the system,
each one.of the components migrate at gudifferent rate.
#* The compound which interacts morek@ith the mobile
phase and least with the sta'tion’y phase migrates fast.
#* The component showing least interaction with the
mobile phase while interacting strongly with tlie stationary
pﬁ&e migrates slowly. : ;

# This diffigrential movement of the components is

responsible foftheir ultimate separation from each other.




Substance to be |

during chromatography. ;
2t BONDED P Stationary phase that is
covalently bonded to support

. particles of the column.

i ELU&TE : Mob'oh%e Ieavmg the

column.
il ELUM‘I_’ A « Solvent that will analyte
2 CEROM A ipment that enables the

sophisticag - separation.
ot CHROM -m ‘ V'sual output of chromatograph.
-ramowcsm “¢  “List .Of selvents, ranked

according to their O e elautikng' power
# IMMOBESIZED '
PHASE @ - Statlonary phase ‘which is

i abhiliaad ~n thae Bl Sinnar wall ~f



t MOBILE PHASE - The phase which moves
in a definite direction.c
st RETENTION TIME @ The characteristic time %~
takes for a particular analyte
to pass throu the
system under set conditions .

s SAMPLE : Matt a¥ed in
chromatography "

#t SOLUTE ~:. "o/ é..,ﬂ- ‘B-e sample com onents
in partition” <~ < > )
chromatography 38
Ll vLVENT i Any substapce capable
Ry solubalizind other
substant.and © o, expecially the

Ilqmd mobll’pha e in

N . s K. =




TECHNIQUES OF CHROMATOGRAPH é

There are twogsic techniques of chromatography:
»t PLANE CHROMATOGRAPHY :

- . #¥Paper Chromato is
The statwnary pﬁase is supported by ce*  f16ers of Eaper sheet .

r

#Thln Layer Cl*omatography (TLC) :

.S'tatmnary pﬁaw is located into a glass or plastic

.
#* COLUMN CHROMATOGRIPHY "

.S't‘wnary phase is packed into a gthss or p&wtw co[umn

| ",




It is important to distinguish be‘l'we‘
types and‘chniques of chromatography. '
Adsorption = chromatography,  partition
'-Chr'._o_tqqfqgr'aphy . iq:exc__hange
'chFomdfdgﬁaphy jetc.., are s of
chroma'l'ogmphy base’d on dlfferent
priinciples whlch Cf.m be car'r'led- out) using

any of '&e.*echmques g
|
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Gel permeation chromatography (GPC)is a separation method dependent
upon moleculggsize. This method is also Rnown as gel filtration.

@
Gel permeable chromatography provides o
physical means for separating molecules ¢

their size in solution. There is a distribution
of pore sizes within the packing such tha
small molecules can enter most of tﬁe’: re
and are therefore, retained for the longest time
period. While lager molecules enter fewer

MYH Mete Quichly trough e

of time. By proper calibration of the columns, ™ 4 S o
size, molecull¥ weight can be deduced fror Sl IRV o—— -
the elution vo[um’ NN e

S




APPLICATIONS OF GPC _

& GPC is chiefly used for the purpose of separation of biological mol&c‘sf
leading to their ate purification such as proteins, enzymes, hormones,
antibodies, nucleit™acids, polysaccharides and even viruses have been
separated in various experiments which have used d" ﬁerent types of gels.

# This method is especially useful for the s 4s and 55 t-RNA

and it is also most satisfactory method for DNA from usually
gram positive. 5actma ﬁom tﬁe invariable contaminants, the teichoic

acids.
n Removal of sa[ts ind soall nilecs ﬁom macromolecules can be easily
performed using GPC since the distribution coefficients of salt molecules
will be largely different from those of macromoleculéS. For example, in a
Sephadex. G-25 column, molecules above 5000 Daltons will elute very
quicRly but rrd}culés less than 1000 Daltons will be retarded.
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M Dilute solutions of macromolecules with molecular
weights higher than the exclusion limit may %
readily conggatrated by utilizing the hygroscopic
nature of ti’f’d}y gel. Sephadex G-200 absorbs 20
times its weight of water, although G-25 is referred
for its rapid action. This tr,wrt; leaves the
macromolecular solution concentrated but at the
same time unaltered p?l or idhic strength.

2%0ne of the most important appﬁcatians ofu GPC is
the degermination of molecular “weight of

macromolecies.
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[ON-EXCHANGE CHROMATOGRAPHY

Ion-exchange gﬁr@mt@gmyﬁ} is a process that allows the separatiots @f
ions and polar molecules based on their charge.

pRINCIDHE:

Ion exchange  chromatography | RSt
ana[yte molecules on the column based on

@ Large net positive charge

@ Net positive charge

‘olymer beads with negatively
< charged functional groups

Protein mixture is added

chromatography and anion -. exchang QR RO N

cation EK(hHI'IgEI’S s

Cﬁf’mtog poﬁ:)' ‘Iﬁe mw Compaun‘{ Proteins move through the :nlumr;- at rates

determined by their net charge at the pH

6 e 11 d - being used. With cation exchangers, proteins

Cmtr:g Qf t Cdtlﬂnlf 'spem'g a t with a more negative net charge move faster
and elute earlier.

anmm Spegs ﬁn Eﬁ rgtd;ne‘[ 5y tﬁ 2 lon-exchange chromatography
stationary phase. _— i

ninger Principles of Blochemistry, Fifth Edition




APPLICATIONS OF ION EXCHANGE
CHROMATOGRAPKY @

# The most m‘ting use of ion-exchange chromatography is in
amino acid analysis. The amino acid “autoanalyser” is based on
‘don-exchange principle.

# The mixture of nucleotides as a ’ ofs treatment with
DNAses and RNAses can be readily separated by ion-exchange
chromatography. Cﬁargq[f ‘throufffout his experiments which
established the equivalence of adenine and thymine, guanine and
cytosine used this technique for the purpose.

2 For many biological applications, ultrapure, metal ion free
reagents agg needed. This is commeraaﬂjr petformed by ion-
exchange chrori@tograph by




# The complete deionization of water or non-electrolyte solution is
performed by exchanging solute cations for hydrogen ions and solute
anions for hydroxyl ions. This is usually achieved by treating water 1%#1
mixed bed of ani@lidand cation exchanger. The same method is used for
softening of drinKig water.

2 There are many situations where the concentration of trace metals in
biological samples is below the [imit detected by atomic absorption
spectrometry. These samples are passed ov ion exchange resin that
holds the metal ions, after enougﬁ sample have veen passed over the resin,
enough trace metal ions becote. c trated over the exchanger. These
ions can now be eluted and their concentration in the eluent is

considerably higher than that in the sample. These solutions can now be
realPby absorption spectrometry. -

# _Apart from the above applications, m—a{cﬁangg cﬁromtogmpﬁy has
been used f’ the separation of many vitamin, other biological amines,
organic acids and bases. -—




AFFINITY CHROMATOGRAPHY

DDINCIDI_E.

ligand is zmm.ﬁé lized to a solid mpp@ﬁ or W
resin to which a solution containing the §
protein of interest is passed over. Ligandiiie B
always. based on biological functional piets
such as enzymes and. substrate ogyantigens  different

specihicity

and antibodies. The specific figand binds the | inert.
protein of interest and all the non-specific
moWcules are washed away. The protein is

eluted inga specific pH buffer by
mmpetftiw’

— Antibody specinic
¢ antigen

d@placement elution.




APPLICATIONS OF AFFINITY CHROMATOGRAPHY
2 _Affinity chromatography has been used to purify a large variety o;
macromolecules such as enzymes, immunoglobulin's, membrane
receptors, nuc and even polysaccharides’.

&t Cells separated by using affinity fractionization include fat cells, T
and B lymphocytes, spleen cells, lymph node cells, oocytes and chick,
mﬁryo neural cells. 5

2 Metal chelate affinity cﬁromatogmpﬁy logical extension of the
basic technique. Many proteins’ whigh have similar molecular weights
and even isoelectric points cannot’be separated even by such high
resolution techniques as gel filtration chromatography.

M Wse of magnetic gel beads is another extension of affinity
chromatography.  Immunoglobulin  negative - t!i_)nnoc_)vtes and

neurolbastoM cells have been punﬁed' by t!its method. The method
gives the routi

n&umy o‘aﬁolut 95%.




HIGH PERFORMANLE LIQUID CHROMATOGRAPHY

High Performance Liquid Chromatography(HPLC) is basically a highly improved
form of column cﬁromatograpﬁy.

—
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In HPLC instead qf so[veut being allowed to
drip through a column under gravity, it is
forced through under high pressure of up to|
400 atmospheres which makes it much faster.
It allows a use of very much sma.{l_étpaml:lé | ' e dsplay
size for the column packing material whicli |
gives a much greater surface  area . of
interaction between the stationary phase and
the®olecules flowing past through it. This —
allows much better separation of the Sl
components of@the mixture. These methods HPLC Ve

are highly automated and extremely sensitive
-

progessing L

SINal 10 processr




# In recent times HPLC has emerged as a method of choice for analytical
purposes. The biggest advantage that it has over other techniques is the speed
of analysis which is many times more than the other techniques excep
perhaps, for Gas id Chromatography(GLC)

# The sample requ t is also very low for this technique and as less as a
few fetograms of the sample will be analyzed satisfactorily.

# On top of all this the detectors that are ilbyef in HPLC are non-

destructive in nature and thus the separated c an Ee recovered for
Sfurther study.

A?chmNs OF HPLL

MPLC fias been succesaj‘hlljf app[ief to tﬁ_e sepamﬁon of proteins,
nucleic acgs, animal and plant hormones and also complex lipids.
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SOME SPECIALIZED TECHNIQU

5

A Hydroxvapatite Chromatography.

M DNA—Cellulose Chron.o‘ranhy.
ot Chlral Chromatozranhy.

-'t%ovalent Chromatoaranhy. "

»
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