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APPLICATIONS OF HPLC
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Comparison of Performance

Benefits of HPLC: Sensitivity
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* Quantitative work and System
Qualification.
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CHROMATOGRAPHY EED»> ¢
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\AAAAA)
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[ High Performance Liquid Chromatogragfrs
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90% of all HPLC Applications
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Chromatographic Process: >saxwmymsa ponnn

Mobile phase: 1 mmRp
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HnzownER
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Various C18 Columns

015
Conditions
0.10 1 Atlantis™ dC, 3.0 ym
(186002062) Columrs: 46x20 mm IS™
005 Nobile Phase A 0.1% HCOOH in Water
R 0 Mobile Phase B: 0.1% HCOOH in MeOH
0.00 + — Flow Rate: 30mL imin
015 050, 100 150 200 25 300 350 400 Gradient: Time  Profile
(min) %A %B
o0 00 0
: Symmetry® C,, 3.5 ym 40 50 50
(186002090) Injection Volume: 10 L
005 4,=015 mn Sample concentration: 20 pgimL.
oo Nex PS = 2280 Temperature: 30°C
0 A e Detection @270 nm
015 00 100 1m o A0 280 30 3% 40 Instrument: Aliance® 2795 with 996 PDA
1 SymmetryShield™ RP,, 3.5 ym
0.10 3 (186002002)
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000
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e
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015 ! Ve . . 6 Sulfisoxazole
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(186001893)
08 1,=015 min
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<
|
W\/\W/

Beta-carotene

hitps/cellbio.utmb.edu/cellbio/membrane_intro.htm

NORMAL PHASE

SOLVENTS: n-hexane, chloroform, ethanol, 2-
propanol

silica
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HnzownER
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HwnZomwnmER

ELUTION ORDER IN ANION
EXCHANGE
A
1 1 1 2 3
2 3 OAc OH- F-
1 2 3
Cr NO; NO,
VOID
| l U u | 1 2 3
R NO; SO SOy
TIME (MIN.)

ELUTION ORDER IN CATION
EXCHANGE

HwnZomnER

VOID

N

v

TIME (MIN.)

DENSITY OF CHARGE

1 2 3
K* Na* Li*

Ag+ Zntt Al

Analysis of Anions
SN 73 2SIMIR DR ITORIN

Column:  Waters IC Pak A/HR

Eluent: Borate / Gluconate
Flow Rate: 1 mL/min i
A Injection:  100uL ; g'ilé‘;:]gsna - 1ppm
¢ 3 Chloride =2
3 4 Nitrite =4
5 Bromide =4
6 Nitrate =4
7 Phosphate = 6
8 Sulfate =4
5 6
@ 1
~ 7 8
| A A
S
0.00 5.00 Minutes 10.00 15.00

H,C

~ ( CH,
CH,
0 H,C o
OH OH
R-Ibuprofen S-Ibuprofen
(active 2°y9)
ENANTIOMERS:

MIRROR IMAGES OF ONE ANOTHER
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Asymmetric Synthesis n1"»X9°3- napw 71N0

CH,OH
CH,OH CH,0COC(CH;); CHOCOC(CHy)3 OH

7‘ 7 ‘ > ~o OH ) o CoHys
(+)-o. -Pinene HU-211

CHOCOC(CHy);

CH,O0H CHOCOC(CHy);
ﬁﬁ - ﬁj -~ ﬁj -~ ﬁj -~
s s LR 7L Nom

(-)-a -Pinene

Journal of Chromatography A, 664 (1994) 159-167

BASIS FOR SEPARATION: CHIRAL RECOGNITION
M7 TINDA HW 2157 MU N1 HY NWHRID 7957 1 770NN N

STATIONARY
CHIRAL
SELECTOR H

B .¢ _'_.“V s

ENANTIOME
RS

Chiral stationary phases:

Ligand exchange

n-Donor m-acceptor (Pirkle)
Chiral Host-guest (cyclodextrin)
Immobilized proteins
Immobilized polysaccharides

* % ¥ ¥ %

SEPARATION OF 6 ENANTIOMERIC PAIRS OF
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|
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™| @ o o)
| |
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o <+>
|
|
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|

L JUL Wu\\ Md\__

u-i-)[ (-) AS-THC | [(+)/ () 7-OH As-THC | ‘ HU- 243 + HU 251
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SIZE EXCLUSION CHROMATOGRAPHY
Gel Permeation Chromatography -GPC

ORYATT BT 9D Y IPINT -7TIDNT PP haa-hhkirhil

t%| Scanning electron
micrograph

of an agarose gel.
Magnification x 50,000.
Ref. Anders S. Medin,PhD ELUTION ORDER:
Thesis, Uppsala University LARGER ELUTE FIRST

1995. DOMWNA DRIV 29T

Clinical Applications

Test of haemoglobin variant for Thalassemia
P09 MAY QIR PRI PW IPYIR

e B ts Thal Short G085 s
DATE : 8281 .~ 88 TIME: 1@:aa:23

ELUTION ORDER IN SIZE EXCLUSION

(GPC)

A MW
1, 1 100,000

VOID

R 2 50,000

E

S

P 3 20,000

O ]o

N

S

3!

ELUTION VOLUME (mL)

MOLECULAR WEIGHT
DISTRIBUTION
R
E
S
P
0
N
S
E
\J

ELUTION VOLUME (mL)
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Gel Filtration/Size Exclusion/Gel Permeation

TN

M 500 K230 K 140K 25 K
Narrow standards \

Calibration
curve

Log soox >\O\(
Mw 250K
w 1 ggx >\()\(>\

Elution Time or Volume

Affinity Chromatograpy
naxvea Pt (AC)

Target sample
M3 TIRD MR YW 2%p muw molecule with full

affinity for the ligand
Lowp
‘9‘355

R Mpn

| ? R
Symbolic @ @
representation @ @
of a section of
an AC bead @ @ \W Sample molecules
surface ith no affinity for the

ligand

AC relies upon a reversible highly specific binding reaction.

Glycohemoglobin in Blood

Glycated proteins differ from non-glycated proteins by the attachment of a
sugar moiety(s) at various binding sites by means of a ketoamine bond.
Glycohemoglobin (GHb) thus contains 1, 2-cis-diol groups not found in
non-glycated proteins.

These diol groups provide the basis for separation of glycated and
nonglycated components by boronate-affinity chromatography (1-3). In
this analytical technique, a boronate such as phenylboronic acid is
bonded to the surface of the column support.

Affinity Bl.nd]llg of Glycated Protein

Affinity
Chromatography

2. Sample application and wash

1. Equilibration The sample is applied under binding 3. Elution

The column is conditioned conditions. The target

to promote adsorption of The target molecule binds specifically molecule is

the target molecule by to the affinity ligands, while all other desorbed and

equilibrating it with sample components are washed eluted by

binding buffer. through. switching to
aliutinn hiiffor

| Binding buffer . Binding buffer . Elution buffer
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HPLC COURSE LAYOUT

* Introduction & Applicability
* Modes of Chromatography

Measurement of Area -
Integration

Area = S Abs x dt

* Quantitative work and System

L8
—Qualification:

Detector
Signal

MUUHHHM SULDDNLDALLE NHHHHHHﬂuuﬂuwmm.mu_

Time

Peak Detection

g’eak Apex

eak Height

Constructed

Start of aseline
chromatogram
JT Peak Start Peik End
B

Retention Time

Integration Errors Caused by Tailing

T=1.00 T=1.58

Recovered Peak Areas Recovered Peak Areas

- 99.9%
A 998%
4 996%

. 978%
. 953%
. 923%
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Working Curve

A plobf the analyticalsignal (the instrumeott detector
responssp function afnalyte  concentratissing series
of standards of known concentration.

06
3
204
o
£
20
o
<
00 I T Y Y T N |
0 2 4 6 8
P Concentration &nglml)
The workingcurvesre then usedo determihe concentrefion
an unknownsampler to calibrathe linearibf an analytical
instrument.

Quality Control — n>°x nmps2

VIAL[SAMPLE NAME | INJVOL | Noof Inj Function Method Run Time| Sample | Dilution
Weight
1[Blank 200 1|inject Samples | Demo Method Set 10.00]1.00000| 100000
L 2[System 200 1 Inject Samples [SST Method Set 10,00 1.00000| 1.00000 |
e TeTOTTETTTSeT
Calibration
3[ std1 200 5 [Inject Standards | .C Demo Method Set 10.00] 1.00000| 1.00000
4] Sta2 200 2 |Inject Standards | .C Demo Method Set 10,00 1.00000| 1.00000
Report C Calibration Report
Report Standard Comparison
Clear L.C Demo Method Set
Calibration
1| std1 200 1 [Inject Standards|-C Demo Method Set 10.00| 1.00000| 1.00000
2| Unk 1 200 2 |Inject Samples |-C Demo Method Set 10,00 1.00000| 1.00000
3] Unk.2 200 2|Inject Samples |-C Demo Method Set 10.00] 1.00000| 1.00000
4 Unk.3 200 2|Inject Samples |-C Demo Method Set 10.00| 1.00000| 1.00000
5[ Unk.4 200 2|Inject Samples |-C Demo Method Set 10.00| 1.00000| 1.00000
6] Unk.5 200 2|Inject Samples |-C Demo Method Set 10.00| 1.00000| 1.00000
7] Unk.6 200 2|Inject Samples |-C Demo Method Set 10.00| 1.00000| 1.00000
1| std1 200 1 [Inject Standards|-C Demo Method Set 10.00| 1.00000| 1.00000
Clear .C Demo Method Set
Calibration
Calibrate .C Demo Method Set

fTINLA 777 13000 *13 710 0°2Annn 0"o11310n113 0P o

Chromatographic .
l Process

Distribution:
K=

Migration through the Column

Chramatanram

PEAK BROADENING
DUE TO DIFFUTION
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k' = Capacity Factor = Measure of Retention

k' t1=t1-10
to

k't1=1-5=1
5

K't2=2-5=3
5

Kt3=5-5=9
5

PERFORMANCE CRITERIA BY ONE PEAK

RETENTION FACTOR or CAPACITY
RATIO

K’ —¢T~C

ASYMMETRY

FACTOR-B—
A

= A

0 =k
— &

TAILING
FACTOR A

Tg

)

T
1= B
[5)
A

h)

2y

NUMBER OF THEORETICAL

PLATES

Integration Errors Caused by Tailing

T=1.00

Recovered Peak Areas

4 99.9%
A 99.8%
4 99.6%

T=1.58

Recovered Peak Areas
—— 97.8%

— 953 %
- 923 %

PERFORMANCE BY TWO PEAKS

SELECTIVITY FACTOR
'
Ko
1
k (1)

o=

tray

tRe)

EXPERIMENTAL RESOLUTION

t R2) 'tRu)
Rs =

12 (wy  +wy)

t
0
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SELECTIVITY vs
EFFICIENCY

t t
. Rs =M same in both cases
12% Tw)
LOW SELECTIVITY (o) HIGH SELECTIVITY (o)
HIGH EFFICIENCY (N) LOW EFFICIENCY (N)

. ADVANTAGES OF HIGH EFFICIENCY
Resolution

Peak capacity HIGH PERFORMANCE LOW PERFORMANCE

Sensitivity

LOW SELECTIVITY HIGH SELECTIVITY

Diagram of a typical electrophoresis apparatus.
(a)

Buffer

SDS-treated samples
loaded in wells

SDS—polyacrylamide
gel between glass plates =] supply

Buffer

(b)

GE movie

molecular

Decreasing
weight

Stained polyacrylamide gel

* Gels may be run either vertically or horizontally in slabs or tubes.

Electrophoretic Mobility
NOUNDWPHR N1VPIRM

q

H=—-
6rr n

e q - charge (fixed for strong acids and bases
PH dependant for weak acid and bases)

* 67 - effective ionic volume (N.B. complexation
and counter ion)

* 1 - viscosity
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stable pH gradient

Isoelectric Focusing of Proteins

Separation by pl
® ®

at low pH,
tha protein
is positively

Figure 4-44. Alberts et al. Molecular Biology of the Cell, 3rd edn.

®

e

at the isoclectrie
pointthe protein
has no net charge
and therefore no
longer migrates in
the electric field;
for the protein
shown the
isoelectric pH

ia 6.5

Iso-electric Focusing (IEF) Principle:
Protein remain at pH of their pl

— EH@g|
«— — a
A  Ggn t
n - :.‘ h
0 — =.= 0
d - d
: — 00T .
22
9

Iso-electric Focusing (IEF) Principle:
Protein remain at pH of their pI

oo D~ A

® = -
A : © =
n & =
X s -
=)
d ®
e ) B
fiey ® =
3 [ a1 s 6] 7] 8 o]
pH

Second Dimension — Separation by Size

polyacrylamide gel tunnels of different diameters

http://www.davidson.edu/academic/biology/courses/Molbio/SDSPAGE/SDSPAGE.ht
ml
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Samples Gels: Separation by Size
Markers-known MW

Clinical Applications

Test of haemoglobin variant for

. thalassgmia
© o paragon o Gel T s

F
EES
- 1
'

=
v

Denaturating Gel:
Sodium Dodecyl Sulfate (SDS)
PolyAcrylamide Gel (PAGE)

SDS-PAGE Electrophoresis of
Denaturated Proteins

Denaturation of Proteins by SDS

BEFORE 5DS charged R-groups

hydrophobic areas

AFTER 5DS

http://www.davidson.edu/academic/biology/courses/Molbio/SDSPAGE/SDSPAGE.html
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SDS — PAGE Electrophoresis

Migration of the Denaturated Proteins Through the Gel Until Blocked

Gel Electrophoresis

1D SDS Gel Electrophoresis 2D SDS Gel Electrophoresis
LMw bacterial lysates T — |
 F— —
M,

97000- —

— = —— =
B ===
66000~ B EE
45000 .- E %
EEE
: =
30000- —=— ; =
P = 2-D gel of glioblastoma multiforme brain turmor cell
= = 1 culture extract stained with PlusOne Silver Staining,
— " - Kit, Protein, using silver staining protocol 2 of the
. C . . . v
http:/www.davidson.edu/academic/biology/courses/Molbio/SDSPAGE/SDSPAGE.html 'R R EEE Frocessor:lLs. 563 antigan thar.were tetectad on
20100~ - the 2-D blot above are boxed.

Application: Proteomics

Fig. 19. Spot identification
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