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PRINCIPLE OF SEPARATION: : nmonn [npy

VAR, Ty

ION-EXCHANGE | [szE-ExcLusion | [[Blo-AFFINTY | [cHIRALITY ]

ORGANIC SOLVENTS: n-HEXANE, ACETONITRIL/WATER AND ORGANIC
HEPTANE, CHLOROFORM, ALCOHOLS BUFFERS
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REVERSED PHASE
he most widely Used Separation Mode

Apolar Stationary Phase

SOLUTES: n"wnin 'alo
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All substances with organic backbone

CONDITIONS: aTiay 'xan

AQUEOUS MIXTURES WITH METHANOL, ACETONITRILE
AND ADDITIVES (BUFFERS, ION -PAIRS)
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Chronic Monitaring Witamin Risk Factor Osteoporosis Biogenic
Alcohol- Oxidative Profiling for Arterio- Diagnosis Amines

Clinical Applications
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Therapeutic Occupational Porphyrin Hemoglobin- aPLUS1 HFLC-
Drug Monitor-  Medicine Profiling Testing Multilevel Instruments
ing (TDM) Calibrator & Software

Sets

MOBILE PHASE

TYPE OF MODIFIER (MeOH, ACN)

MOBILE PHASE COMPOSITION (% modifier)
pH

TYPE OF BUFFER (phosphate, acetate)
IONIC STRENGTH (Salts, buffer concentration)

ION-PAIRING REAGENTS (alkyl-amines, -sulfonates)

MOBILE PHASE

TYPE OF MODIFIER (MeOH, ACN)

MOBILE PHASE COMPOSITION (% modifier)
pH

TYPE OF BUFFER (phosphate, acetate)
IONIC STRENGTH (Salts, buffer concentration)

ION-PAIRING REAGENTS (alkyl-amines, -sulfonates)

Elution Strength

Reversed Phase Solvent Elution Strength
Hexane

Isooctane
Cathon Telrachloride
Chloroform
Methylene Chloride
Tetrahydrofuran
Ethyl Ether
Ethyl Acetate
Acetone
Acetonitrile

Isopropanol
Methanol

Water
Normal Phase Solvent Elution Strength
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Effect of Solvent on Gl I Gy, 2 o
1% TFAR T3
Separation
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0.00 A A - ‘\_ J\n A 3. BSA
4. Myoglobin
0.60 IPA 4 5. Enolase
> 3 s 6. Phosphorylase b
L
0.00
0.00 6.00 12.00 18.00 24.00 30.00

Minutes

MOBILE PHASE

TYPE OF MODIFIER (MeOH, ACN)

MOBILE PHASE COMPOSITION (% modifier)
pH

TYPE OF BUFFER (phosphate, acetate)

IONIC STRENGTH (Salts, buffer concentration)

ION-PAIRING REAGENTS (alkyl-amines, -sulfonates)

OPTIMIZATION: % SOLVENTS

80% methanol (a)

(0.3=k=0.8)
'D
' 02 04 06 08 1o 12 1a
Time (min)
70% methanol 1 4 (b)
(08<k=<23) 3 5
¢ 2
0 2
Time (min)
60% methanol " (c)
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' SN\ :
T
0 2 4 6
Time (min)
50% methanol (d)
(4sks19) 1
2 N2 N S
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Time (min)

MOBILE PHASE

TYPE OF MODIFIER (MeOH, ACN)

MOBILE PHASE COMPOSITION (% modifier)
pH

TYPE OF BUFFER (phosphate, acetate)

IONIC STRENGTH (Salts, buffer concentration)

ION-PAIRING REAGENTS (alkyl-amines, -sulfonates)
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pH as a Selectivity Tool For Impurities

o] |
,M u 2 J pH 7 Sodium Phosphate

J 1 U 2 pH 9 Ammonium Bicarbonate

:‘:M L\JU ;U pH 2 Sodium Phosphate

lonization of Acids and Bases

Dissociation of Molecule

Acid

+

H + A

(lonized)

50% @ pKa 50%
100%—— Low pH— 0%
0%e— High pH—— 100%

lonization of Acids and Bases

Dissociation of Molecule

Base

+

BH OH

(lonized)

B

(Un-ionized)

50% @ pKa 50%
0% — Low pH— 100%
100%+— High pH—> 0%

Retention Factor versus pH for Acids, Bases and Neutrals

1 Acids (HA)

g B
| (pKa=4.8) Un-lonized
T Un lonized
Neutral

| A
| Bases(BH %) k lonized
T (pKa=9.0) - lonized

01234567891011121314
Apparent pKa pH (mobile phase)

Retention Factor -Linear
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My system seems OK but | am
getting strange results...

Injection #1

Injection #2

Slight changes in mobile phase preparation
can affect method robustness!

Enhanced Resolution of Basic Compounds at
High pH

) |
Amitriptyline
k versus pH
pH 2
30 O “““““““““
/ O 0 3
N P Minutes
k Q CCHZ >Amltnptylme Nortriptyline
» O Amitriptylilwe pH 8 PH control criti
Z O
Q H " Nortriptyline
0 1 2 3
10 Minutes
X . Amitriptyline
2 Nortriptylin Nortriptyline
e
pH 10
0 — T T T T T T
01 2 3 4 5 6 17 & 9 10 1 12
0 1 2 3
pH Minu
Phoebe, Tran tes

Resolution of Two Acidic Compounds at
Different Mobile Phase pH’s

10
Silica gel high pH limit
9 —
~ s Best Decreasing retention
X retention Critical pH control
= 7 necessary
g
L s
——
% 4 Indoprofen Ketoprofen
T 3
5 -
1 Silanols Un-ionized
o

o 1 2 3 a 5 6 7| 8 9 10 11 12
pH
pH 2 pH 8
0 1 2 0 1 2
Minutes Minutes

Dependence of Selectivity on
pH

Conditions:

Column:  XTerra™ RP
23 180
DHL pH 2.5 DHL 12 pH5 O 3.9X 150 mm, 5 pm
i . Mobile Phase: 65% 20 mM Buffers,
35% ACN
WU oors AU owrs 4 Column Temp.: 30°C

0.035 0.035
6 ’

Flow Rate: 1.0 mL/min
6 Detector: 210nmfor pH 2.5,
pH 5.0, and pH 7.0;
-0.00} 0,00 230nm for pH 10.6
e b eV R
e (min) ime (min;

1:acetaminophen

0 <3F1 0. 2:lidocaine

0.12] 6 3:d i

pH 8.0 pH 10.6  3uoxein

0093 :imipramine

0.079 2 oo 5:nortriptyline
AU oo0ss AU

6:ibuprofen

2 3
N T D -
ﬁ 1 ¢| * - the most powerful

!‘J 10 20 30 40 50
n) Time (min)

selectivity tool

Lu, Cheng; Waters
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Impact of pH on the Retention of a Zwitterionic

Compound

K oo | Positive
Charge

Aqueous pK, =4.3

Aqueous pK, =9.5

Negative

* pH

Fexofenadine
(Antihistamine) *

MOBILE PHASE

*  TYPE OF MODIFIER (MeOH, ACN)

Charge *  MOBILE PHASE COMPOSITION (% modifier)

*  TYPE OF BUFFER (phosphate, acetate)

* IONIC STRENGTH (Salts, buffer concentration)

ION-PAIRING REAGENTS (alkyl-amines, -sulfonates)

Recommended Buffers for pH’s 2-7
(Silica and Hybrid Packing Materials)

pH’s >7

Non-Recommended Buffers for

the temperature & conc. for
longer column lifetime)

Additive or | pK, pH range Volatile or Recommended
Buffer (=1 pH unit) | Non-Volatile | Concentration Ranges and
Common Counter-Ions
Buffer pK, pH range Volatile or Effect if buffer used
0 | o, . .

TFA 0.3 Volatile (0.02-0.1%) (+ 1 pH unit) | Non-Volatile (Dissolution)
Acetic Acid | 4.76 Volatile (0.1-1.0%) Phosphate | 123 | 113-133 | Non-Volatile |  Short Column Lifetime
Formic Acid | 3.75 Volatile (0.1-1.0%) Borate 9.2 8.2-10.2 Non-Volatile Short Column Lifetime

Acetate 476 | 3.76-5.76 | Volatile/Non (1-10mM) NH,, Na, K
-volatile
Formate 3.75 2.75-4.75 Volatile/Non (1-10mM) NH,, Na, K
-volatile . .
Not recommended for either hybrid (XTerra
Phosphate | 2.15 1.15-3.15 Non-volatile . Y ( )
- or silica gel based columns.
7.20 6.20-8.20 Non-volatile | Not for pH’s >7.0 (reduce
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MOBILE PHASE

TYPE OF MODIFIER (MeOH, ACN)

MOBILE PHASE COMPOSITION (% modifier)
pH

TYPE OF BUFFER (phosphate, acetate)

IONIC STRENGTH (Salts, buffer concentration)

ION-PAIRING REAGENTS (alkyl-amines, -sulfonates)

Types of Buffers and lonic Strength

MOBILE PHASE

TYPE OF MODIFIER (MeOH, ACN)

MOBILE PHASE COMPOSITION (% modifier)
pH

TYPE OF BUFFER (phosphate, acetate)

IONIC STRENGTH (Salts, buffer concentration)

ION-PAIRING REAGENTS (alkyl-amines, -sulfonates)

e pH 10: Borate
- 20mMH ,BO,
e pH 7: Phosphate
- 20mMK HPO
¢ pH 4-5: Acetate
- 10mMCH _COONH ,
-~ 100 mM CH 3COOH

pH 2-3.5: Phosphate
—20 mM H 3PO4 - KH2PO4

Alkylamines

H.CH,
Triethylamine (TEA)
‘ N+ OH

CH,CH, ‘ CHCH,

CHCHCHCH,  on
+
CHCH.CHCH, ‘ J“ CH,CH,CH,CH,

H,CH.CH,CH,

Tetrabutyl‘amine (TBA)

HE on

L+CHCH H,CH
CH.CH,CHCH, | 1| LCH,CH,
H3

Dibutyl-dimethylamine

lon Pair Reagent

Alkylsulfonates

Pentanesulfonate /\/\SO; Na+
Hexanesulfonate/\/\/soﬁ- Na+
Heptanesulfonate/\/\/\so; Na+
Octanesulfonate /\/\/\/503- Na+

Dodecylsulfonate AN NSNS0, Nat
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Examples of lon Pair Reagents

1 Adrenaiine

2- Dopaming 4
3 Tyramine

4- Tryptamine 3

AP T T A T T A A T
00 20 40 60 40 100 120 140 160 180 200 220 250
Time

Figure 4. Mixture of biogenic amines resalved by IPC

5 ym (Cat. No 04971-40)

no 79606)

Weigh-in: -2mgin 10ml
acetonitrile/phosphoric acid (0.01 M) 1:9
Acetonitrile gradient: t=0 min : 6%, t=5 min : 6%,
t=18 min : 25%

Flow: 1.5 mi/min

Detection: 220 nm

Injection volume: 20 i

Temperature: ambient

Detector: UV 1000

Pump: P 4000

Columns: Discovery™ C18 Column (250 x 4.0 mm) ID,

Eluent: acetonitrile: heptanesulfonic acid buffer pH 2.4:
Buffer concentration: 0,005 M heptanesulfonic acid sodium salt

(Cat. No 51832) + 0.01 M phosphoric acid (Cat.

154
2.3
3 3-AMP
47AP
5 5"ADP
6-5-ATP

Figure 5. Mixture of nu:leulldes resﬂ'ved byIPC

0 20 49 a0 &0 100 lzn 140180 180 200 220 250

Column: Discovery™ C18 Column (250 x 4.0 mm) ID, 5 pm
(Cat. No 504971-40)

Eluent: acetonitrile: tetrabutylammonium buffer pH 70

Gradient Buffer ion: 0,005 M tetrabutyl-

y!

hydrogensulfate (Cat. No 86853)

Weigh-in: - 4 mg in 10 mi acetonitrile / water 1:9

Flow: 1.5 ml/min
Detection: 254 nm
Injection volume: 20 pl
Temperature: ambient
Detector: UV 1000
Pump: P 4000

+ 0,01 MNaHPO,*12H,0 (Cat. No 71649).

Acetonitrile gradient: t=0: 10%; t=4 min 10%; t=14 min: 25%

Stationary Phase Characterization

Various C18 Columns

Different Columns — Different Chromatograms

-
e ¥MC Hydrosphere
5 10
: l_JJ
1.00 a.00 r.oo 8.l oo 10.00 11.00 12.00 12.00 100 16.00
Phenomenes Luna
U= 0.BZ min 7 S 9
\ M_ﬂ ]
100 4.00 Tﬂﬂ rO0 10.00 1100 4200 12.00 <00 16.00
Phenomenex Aqua
W= 1.008 min z

10

i00 200 =00 400 SO0 400 rOO
']

PO OO0 1100 {200 400 4400 4500

Bonded Phase

Silica Type

Morphology

Traditional Alkyl
Ligand

C18,C8, C4,CN,
Phenyl, C1, etc

Embedded Polar
Group

Mixed Mode

[ ]
Synthetic

Dr. Shulamit Levin,

Continuous

Monolith

Variety of Reversed Phase Stationary Phases

Characteristics

*Bonding Density
(rMole/m2)

*Carbon Load

*End-capping

Characteristics

*Diameter (um)

Pore Diameter (A)
*Pore Volume

*Surface Area

Waters Israel




Separation Modes in HPLC

Short Overview

Bonded Phase

Silica Type

Morphology

Variety of Reversed Phase Stationary Phases: Mostly

Used Currently

Traditional
Alkyl Ligand
[
C18,C8,C4,CN, ™
Phenyl, C1, etc : AN
......... (A
Embedded Polar \\\ Characteristics
Group AN -Bonding Density
‘> (uMole/m?)
V4 +Carbon Load
Mixed Mode /' “End-capping
4
Y S
[
: l’
[ ] g
Synthetic
I
Fully -1 | Characteristics
Porous ‘) *Diameter (um)
= - I/ *Pore Diameter (A)
Solid Core Y | .Pore Volume
Continuous - -Surface Area
Monolith

Surface of a Silica Gel
Bonded-Phase Packing Material

C:alkyl chains e
H;C H,C H;C 3
cf CH, CH, CH,
H,C H,C HC HC
CH, CH, CH, CH,
H,C H,C H,C H,C
CH, CH, cH CH, d
H,C . . C 2
“  residual silanof en
CH, CH; CH,
H,C H.C H,;C
si CHALT g Ol si
- e, H
o o o o o
si si si o si o si
o
o o o o o

Note: ~50% of the surface silanols remain even with high ‘
me‘d‘hﬂm‘t‘tm iti

Hydrophobic Interaction

Mixed-Mode Retention

Ion exchange Interaction

with Bonded Phase with Charged Sites
Lo h =3 | |
:%'tlsy ‘ :%:Si‘ ‘
) igﬁl ‘ \\, H (CHy) :Cc))E»SI (CH). AN
M?gé% pH<3  —o-si ‘ T P os it
Si-OH g% | "o |
5 5| _
:O:S'i ‘ e Cg:Si Mr?ggé pH>3
o-si ‘ —o-si “ Si—-0~
Base

Base

P—

Selectivity

3.6 Waters Spherisorb®S5 P
33
3 1
27 4 @ Waters Spherisorb® S5CN
© Nova-Pak® CNHP Waters Spherisorb® ODS1
24 @ Inertsil® Ph-3 Resolve®C18
z 4 Hypersil® Phenyl *
2
g 21 9
5 @ Waters Spherisorb® ODS2
£18 @ Bondapak™ C18 P
g ) » YMC-Pack™ YMC J'sphere™
T 15 HYPE'S'@:PS Cyano nertsil® CN-3 Phenyl @ODS-L80 @ Nucleosil® C18
'_:'. ® ¢ Nova-Pak®Phenyt .
B ] ' YMC J'sphere™ ODS-MB80
£ Hypersil® BDS Ph .
£ 12 yperst enie YMCbasic™ Chromolith™Nova-Pak®  yyc Jisphere™ ODS-H80
H ° * ::e";@) & RP-18 cls P o
T 0.9 °™ Nova-Pake_ Luna ™ v\C-Pack™ ODS-AQ™
= YMC-Pack™ CN YMCPack™ProCa™y o " S5 pheny Hexip tansedcts
= YMC-Pack™ B6 €87 & 4 YMC-Pack™ ODS-A™
0.6 A o T o 1% Symmetry® Cag ¥ Zorbax® XDB C18
XTerra® MS C8 cf:"(a/),wc,packm . ¢ lnertsii® 0DS-3
— ProC18™ ire ™
0.3 SunFire ™ G i’ "®® | Lue ¥ SunFire ™ C18
XTerra® MS C18. 4 C16 @i c1s
0 SymmetryShield™ RP8, @
Xlerrad RP1E, orbax® SB C18
03 . 4 SymmetryShield™ RP18
2 XTerra® RP8
erra YMC-Pack™ PolymerC18™
0.6 : : : : *
-1.5 -0.5 0.5 1.5 25 35
Retentivity

¢ Reversed-Phase Column Selectivity Chart

(In [K] acenaphthene)
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NORMAL
PHASE

ADSORPTION on Polar
Stationary Phase

SOLUTES @

LIPOPHYLIC:
OILS, FATS, LIPIDS

CONDITIONS |

VU

Hydrophilic
Interaction
(HILIC)

ADSORPTION on Polar
Stationary Phase

SOLUTES ‘

Polar Compounds
(saccharides, Peptides)

Water

| CONDITIONS |

U

ORGANIC SOLVENTS: n-HEXANE,
HEPTANE, CHLOROFORM, ALCOHOLS

ACETONITRIL/WATER AND ORGANIC
BUFFERS

SOLVENTS:

Acetonitile/Woter (30:10)

NORMAL PHASE/
or HILIC

Normal Phase: n-hexane, chloroform, ethanol, 2-propanol THF
HILIC: MeCN, MeOH, IsPrOH, Water

| : COOH
O -
GOH
Prostaglandin Gz

[N NN
i ; COOH
o -
OH
Prostaglandin H,

Phospholipids

AAAAARIN_

bps/fcellbio.utmb.educellbio/membrane_intro.him

NORMAL PHASE SOLUTES

on
oy

Normal Phase Mode

Column: Novofok Silico, dpm, 3 Gmm x | 50mm

10 Mobile Phase: Hexane/Ethyl Acee, $0.5/0.5 1 o]
=1 Sample: Sl of Crude 0.03% solvion of crude mo N
Cholesterol Vitamin D, Testosterone Flow Roe:  1.0ml/mn *
(a sterol) (cholecalciferol) (a steroid hormone) Detection: UV @ 300nm 2
o]
AU
CHy(CH, ), CH=CH(CH,),C(0)0CH, S OCHs
CHy(CH,),CH=CH(CH,),C(0)0-CH
CH(CH,)y,C(0)0-CHy
"ANs-150mer
C18:1
c18:1 5
c16:0 1
Triglycerides .
| ) ;
/X)*M\/\/\/Y\f\\/\/ L
| L] T ™ =
0 Manuies
Beta-carotene

1
Waters “Bolumns” Summer 1991

Dr. Shulamit Levin, Waters Israel
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Example 1, Water Soluble Vitamins

oH

N N CHs N
Z | | o K, Z
HO.
N NH, ~ OH on g o
. [ =
L oy
) ° s Y

OH
Nicotinamid Pyridoxal Riboflavin Nicotinic
e acid

mO

oo

S Hi
N N cr
m 61 Ho
HyC N NH, S OH

Thiamine

0 (o]
— e
OH

HO

Ascorbic acid s Folic Acid

Final Method:
Water-soluble Vitamins

Column:
Compounds
1. Nicotinamide Part Number:
2. Pyridoxine Mobile Phase A:
6 3. Riboflavin
1 4. Nicotinicacid
5. Thiamine Mabile Phase B:
6. Ascorbic Acid
7.812 Flow Rate:
8. FolicAcid ot
Injection Volume:
Sample Diluent:
Column Temperature:
Weak Needle Wash:
Detection:
7 Sampling Rate:
8 Filter Time Constant:
Instrument:

e
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00

Minutes

ACQUITY UPLC® BEH Arnide,
2.1x 50 mm, 1.7 ym
186004800

50/50 MeCN/H,0 with 10 mM
CH,COONH, and 0.04 % NH,OH,
pH A0

90/10 MeCN/H,0 with 10 mM
CH,COONH, and 0.04 % NH,OH,
pHO.0

0.5 mL/min

Time Profile
(min) %A %B
Initial 0.1 93.9

3.50 700 300
351 01 999
750 01 999

5 4L (PLNO)

75/25 MeCN/MeOH with 0.2% HCOOH
30°C

95/5 MeCN/H,0

UV @ 2650m

20pointsfsec

0.2

Waters ACQUITY UPLC with
ACQUITY UPLC PDA Detector

Example 2, Organophosphonic Acid Nerve Agents

‘o o
HyC—P—0H Q ‘
= I HaC HO—T—O Ho®
o HyC—P—0 >
| \/k CHj CHs
OH CHg HiC  hc

isobutyl hydrogen

Pi lyl methylphosphonicacid
methylphosphonate (IBMPA) ihacolylmethy’phosphonicaci

(PMPA)

Cyclohexyl methylphosphonic
acid (CMPA)

H3C*Lio H C—M—o
C.)H }cm ) | N
oH CH,

Isopropyl methylphosphonicacid (IMPA) Ethyl methylphosphonicacid (EMPA)

Final Method: Organophosphonic Acids

Mass Spectrometer Conditions

Ejs v Columns: ACQUITY UPLC® BEH Amide,
30V (EMPA, IMPA, PMPA) 21 %100 mm, 1.7 prn
OV P VA Part Number: 186004801
B 120°C Mobile Phase A 50/50 MeCN/H,0 with 10 mM
Desolvation Temperature: 400 °C CH,COONH, and 0.04% NH,OH,
2
800 L/Hr pHO.0
5UHr Mobile phase B 95/5 MeCN/H,0 with 10 mM
SIR m/z 122.9 (EMPA); 136.95 (IMPA CH,COONH, and 0.04% NH,OH,
179.0 (PMPA); 177.0 (CMPA pH 9.0
150.95 (MMPA) 1 Flow Rate: 0.5 mL/min
Dwell Time: 0ls Gradient: Time Profile
3 (min) %A %B
Initial 01 999
1000 999 900
1001 01 99.9
Compounds 1500 01 999
1. PMPA Injection Volume: 5.0 L (PLNO)
2.CMPA 5 Sample Concentration: 2 pg/ml each
3. MMPA Sample Diluent: 75/25 MeCN/MeOH
4. IMPA Column Temperature: 65°C
5. EMPA ‘Weak Needle Wash: 95/5 MeCN/H,0
Instrument: Waters ACQUITY UPLC with
500 ng/mL each ACQUITY 500
T T T T T T T T T T T 1
0.00 2.00 4.00 6.00 8.00 10.00 12.00

Chromatographic Conditions

Dr. Shulamit Levin, Waters Israel
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| High Performance Liquid Chromatography: Biomedical Mostly

I PRINCIPLE OF SEPARATION: : nT190n Ny |

@ Vv

[ BIO-AFFINITY

ION-EXCHANGE | Fsize-ExcLusioN | | [cHRALITY |
|| SOLUTES: : n'onin @ @

” INORGANIC IONS, H |POLYMERS, PROTEINS, ” EROIERSI
ENZYMES ENANTIOMERS

ACIDS, BASES NUCLEIC ACIDS

CONDITIONS:
I nTAY NN

ION EXCHANGE nnr gi''n
INSIDE A PORE IN THE STATIONARY PHASE
NNIN ATRO9N NTANY NI DO

SAMPLE IONS IN

COUNTER IONS
OUT mmaa i

ADDITIVES-
Competition

MOBILE PHASE

AQUEOUS BUFFERS
AQUEOUS BUFFERS, IONIC _ [IAQUEOUS BUFFERS OR ORGANIC | Aus cciar
SOLUTIONS SOLVENTS ADDRES ORGANIC SOLVENTS
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Analysis of Anions
7IONW 22 2OITIR P PRI
Column: ~ Waters IC Pak A/HR

Eluent: Borate / Gluconate
Flow Rate: 1 mL/min

Injection: 100 mL

Charge

-1 1 Fluoride =1ppm
-1 2 BiCarbonate
-1 3 Chloride =2

I\ -1 4 Nitrite =4
4 -1 5 Bromide =4
-1 6 Nitrate =4
3 -2 7 Phosphate =6
-2 8 Sulfate =4
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Amino Acids Analysis In Plasma
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Separation Modes in HPLC
Short Overview

lon-Exchange Chromatography of Proteins

a Na + L+
oy + Cl N
Anion- 2 2 .‘fne 2 cl- - o ‘4‘:&
Exchange L] n° % L] B e @Q
Particle ° cl-
AN Na + u
RaRE , B © :
uggf —p S L)
ci-
+
& ncu- 2 (,,Q
Cl- Na+ Na + %,3
n + Y

Elute with Step or Continuous Gradients of

Binds at Low Ionic Strength
Increasing Ionic Strength

= Separations are based on net surface charge on protein with oppositely charged
groups on ion-exchanger

= Proteins elute from column using either a gradient of increasing salt concentration
(most common) or changing pH (less common)

Protein Isoelectric Points and IEX

Separation of Proteins by High Performance
Cation-Exchange Chromatography

Conditions

Column: 400VHP575 (5 um, 'S' type cation exchange, 7.5 x 50
mm)

Eluent: 10 mM phosphate, pH 6.5 with a gradient from 0 to .5 M
NaCl in 50 min.

Proteins: pl

1. o-chymotrypsinogen A 8.8,9.2,96

2. ribonuclease 8.8

3. cytochrome ¢ 9.0,9.4

4. lysozyme 11

4
1
3
2

20 min

—
= Anion Exchanger
+ [=] (positive surface attracts

o == Molecules :lmar;,\J - .
o -~ pl-! is = 1 unit
= higher than
- protein pJ

S @

g 8

o =

=

a

u—

(=]

)

oo I I | | 1

© 4 10

‘5 Cation Exchanger p H

(negative surface attracts.
"5 ++ molecules :a|iunr-/
- G
Particle N N
Support pH is = 1 unit
\\ lower than
&= protein pI
Separation of Peptides by
Cation Exchange
Separation by Charge/Hydrated size
i i Pentapeptides
Sep.arat.ran of Peptides by 1 HoAsAlaAlaPhaNH,
Cation Exchange 2. AlaAlaAlalysPheNH,
. . 3, AlaAlaLysLysPheNH,

Five pentapeptides with one to five positive 4. AlaLysLysLysPheNH, 1 2

charges (at low pH) were synthesized and 5. LysLysLysLysPheNH,

separated on a 400VHP573 colunmn. Separa- 3

tion between adjacent peptides and peak

shape were excellent. 4

Conditions

Column: Vydac 400VHPS75,

(S-type Cation Exchange, 5 um, 7.5 x 50 mm). 5

Buffer A: 8 mM phosphate in 20%

acetonitrile/water, pH 4.0

Buffer B: Buffer A with 0.4 M sodium chloride

Gradient: | min hold at 0% B,

0-100% B over 10 min.

Flow rate: 2.5 ml/min !

Detection: UV at 220 nm

Sample: about 30 mgrams of each pentapeptide
Data courtesy of Mike Giles, Zeneca Pharmaceuticals

10 min

Dr. Shulamit Levin, Waters Israel
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Separation Modes in HPLC
Short Overview

| High Performance Liquid Chromatography: Biomedical Mostly

I PRINCIPLE OF SEPARATION: : nTionn [Ny

@ Y

C,H
4 w5

ION-EXCHANGE | [sze-ExcLusion | [[Blo-AFFINTY | [cHIRALITY ]
|| SOLUTES: : n'onin @ @
INORGANIC IONS, POLYMERS, PROTEINS,
” ACIDS, BASES H || NUCLEIC ACIDS ” EROTEN-S: l [Enanmiomers ]

CONDITIONS:
I nTAY NN

Y A

4 e

HO

AQUEOUS BUFFERS, IONIC  |[AQUEOUS BUFFERS OR ORGANIC
" SOLUTIONS ||| SOLVENTS ANDISRECIEL

ADDITIVES

AQUEOUS BUFFERS AQUEOUS OR
ORGANIC SOLVENTS

R-Ibuprofen

H,yC 0
OH

S-Ibuprofen
(active 7'v9)
ENANTIOMERS:

MIRROR IMAGES OF ONE ANOTHER

Chiral Recognition

Chiral separations are generally accepted to involve a 3-pointinteractionwith a system
component.

- - >

A 2
D—<c I > YIllI»—{CHa),
B« »oZ

D ---» . -

A—‘Q - Yl (CHa)n
B “ - ----- » X

|
]

W

—0—

ool

Enantiomers @ g

Chiral Stationary Phases :Chiral Recognition

mim
| p

S

Less stable
adsorbate — N
More stable

N F adsorbate
||

)
!

L
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Separation Modes in HPLC

Short Overview

Chiral Mobile :Chiral Recognition

Phases
* |
I

Emntiomel S |
. | - y NE
| . :
| [T Ilu Chiral mobile
J | phase additive
X N
Identical cllu'o- Differential /
e grqphm chromatographic
adsorption e

chiral station- W/IM
111_, Phase

Circular Dichroism:
UV SPECTRA of POLARIZED LIGHT

Types of Chiral stationary
phases:

*Ligand exchange

=-Donnor n-acceptor (Pirkle)
*Chiral Host-guest (cyclodextrin)
*Immobilized proteins
*Immobilized polysaccharides
*Macrocyclic Antiobiotics
*Crown Ethers

™ _Donor” - acceptor (Pirkle) Type

Napthyl amino acids

§( s /OCHzCHs CF;
o’ '\ / Ner s

N
0 H

Dinitrobenzoyl amino acids

\ /ocuzcm R 0I
c
\/\/ \ / \ 4

NO,

Dr. Shulamit Levin, Waters Israel
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Separation Modes in HPLC

Short Overview

Chiral cavity by cyclodextrins

cu,nrt

“Tdtgﬁm

»@w

J% o

£ ;;

97" wo
Wﬂ On Ho J\cHoH

oH 0
,&w

° \
oy "P"' \
Vo]
e f
N [ /
7 |'II
CD No.Of units size A Molecules included Chiral centres — /
Carnonyarare GIoups
alpha 6 4.5-6.0 5-6 membered aromatic 30
beta 7 6.0-8.0 biphenyl or naphthalene 35
substituted pyrencs and
gamma 8 8.0-10.0 Steroid 40

Protein
Columns

Effect of ionic strength in Inmobilized Protein Columns

Changing the buffer tration: By ch g the buffer concentration in the mobile phase, it is
possible to affect both the retention (k’) and the enantioselectivity (a). These effects have been observed

for acids and in special cases also for some ami The chr grams below d trate the effect of
changing the buffer:
NAPROXEN
A P :
i J i .

] a
g |- A i
w] - ; =
3 % 3
% 2 s
In h L Y X
2 1 E
'0.01 M sodium ons ) 0.1 Msodium
%&:M.wm phosph.b. pH 7.0 phosph.b. pH 7.0

Immobilized polysaccharides:

Amylose

or
QCHJ Cellulose

tribenzoate
tris phenylcarbamate
triacetate

Dr. Shulamit Levin, Waters Israel

17



Separation Modes in HPLC
Short Overview

(+) and (-)- AS-THC IN TWO TYPES OF MOBILE PHASES: ) ]
macrocyclic glycopeptide

REVERSAL OF ELUSION ORDER WITH THE CHANGE OF MODIFIER
()

+

"

r *+)

|

JNE

| n-hexane - ethanol

B

‘ n-hexane - 2-propanol |

Immobilized Amylose Column

antibiotic eremomycin chemically bonded to silica

Fig. 1. Chemical structures of eremomycin (A) and vancomycin (B).

Journal of Chromatography A, 1108 (2006) 26326

Separation of enantiomers of amino Crown Ether Type of Chiral Stationary Phase
acids on eremomycin CSP. Column Phenylalarine
Phenylalanine
Column: ChiroSil* RCA(+) or
s' N o SCA(-) 15 cm x 4.6 mm
0 \/\/ ~# Mubl]e Phase (70130)
Abs. 280 nm Abs. 220 nm Abs. 280 nm Abs, 280 nm 0/ CH,0H/H,0
o L2-Thisnyi-Ala . +10 mM Acetic acid
St LTe Fhe Flow Rate: 1.5 mL/min
Detection: UV 210 nm
ChiroSil Run Time: 8.9 min
o K2 266
D-mf-Tyr 0-Tp <7 _> 287
D2 ThwenyhAla o \__Z
Ty, 0oH Phenylglycine
AR,
/ Phenylglycine
Column: ChiroSil* RCA(+)
or SCA(-)15cm x 4.6 mm
L AJ . Mabile Phase: (70/30) OH
T T T - T r CH,0H/H,0
T y y 4% HO :
0 4 8 2 ¢ 8 ? 0 H s 15 2 0 O‘b\\ +10 mM H,50, and
Time, min. Tine, min, Time, min C YNnemn 1 /\| 0 0I%TEA
N=—H--0 Flow Rate: 1.0 mL/min
0 l-‘l Detection: UV 210 nm
% . . ] Run Time: 13.1
250mm4.0' mm. Eluent: methanol-0.1M NaH2PO4 (20:80, v/v), 0.7 o ™\ O pun Tine: 13:1 min
ml/mi Ol 1
min. HO 0 o 2.60

Dr. Shulamit Levin, Waters Israel
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Separation Modes in HPLC

Short Overview

| High Performance Liquid Chromatography: Biomedical Mostly

PRINCIPLE OF SEPARATION: : nTonn [npy

U Ty

ION-EXCHANGE

| 1 [ sizE-ExcLusioN | 1[Blo-AFFINTY | [cHIRALITY ]

Y

ACIDS, BASES

” INORGANIC IONS, H || POLYMERS, PROTEINS, |

|| SOLUTES: : n'oniml @ @

PROTEINS &
ENZYMES ENANTIOMERS

NUCLEIC ACIDS

7

U

AQUEOUS BUFFERS, IONIC
SOLUTIONS

CONDITIONS:
ATy ‘NN
||| AQUEOUS BUFFERS OR ORGAN

AQUEOUS BUFFERS
IC || AND SPECIAL
SOLVENTS

AQUEOUS OR
ADDITIVES ORGANIC SOLVENTS

Size Exclusion Chromatography Basics

+ SEC known by many names
— Gel Permeation Chromatography (GPC)
— Size Exclusion Chromatography (SEC)
— Gel filtration Chromatography (GFC)

Separation is based on size exclusion
— Actual behavior in solution, not molecular weight.

« All other interactions with the stationary phase (ion

exchange, hydrophobic interaction) should be
eliminated

Mobile
hase
reservoir

==

Injection ~

Scheme of SEC System

Column

2%

Sample

parti

al

m;e@%tW Deteclur De|eclor
%ﬁ% -

Porous Elution time: |

Signa\

icke, Transformatiens:

2_Time to volume

log M
Exclusion limit

| 1. Signal to concentration

3. Volume to molar mass

Total permeation

Elution volume \ /
Calibration Wl j\\\_ ./

log M

Figure 1 Schematic representation of SEC.

Size-exclusion Chromatography of Polymers; Bemd Trathnigg, Karl-Franzens-University, Graz, Austria

Encyclopedia of Analytical Chemistry; R.A. Meyers (Ed.) John Wiley & Sons Ltd

GPC Separation Process

® A dissolved polymer (comprised of a mixture of molecules) passes
through a porous gel-based stationary phase

® The gel pores may be of uniform size or a blend of mixed sizes
depending upon the column(s) chosen...

m.e

Larger macromolecules are not slowed down as

they are to big to interact with the pores so elute
first.

Dr. Shulamit Levin, Waters Israel

19



Separation Modes in HPLC
Short Overview

Size Exclusion Separation of Proteins

= No adsorption to surface of
particles

= Large molecules elute
before small molecules
= Large molecules cannot
access pores
= Small molecules access
pores within particle

-
] monomer
P

) dimer —

Principles of Retention/Elution

" Simplerelation between MW and elution volume/time.

" MW above the upper cutoff limit: all compounds are eluted at V,
® ->Total Exclusion

® MW under the lower cutoff limit: all compounds are eluted at V,.
® -> Total Permeation

To calibrate a gel filtration column, a series of K = (Ve . VO)/(Vt . Vq.)[al

proteins with known molecular weights is passed .
through it, and the elution volume of each protein Total Exclusion Permeation
is measured.

Effective separation range

Avalue, K, can be calculated for each,
using the formula:
K = (Ve - VO)/(Vt - VO) Log

where
Ve = elution volume MW)

Vt = total column void volume
V0 = void volume outside the porous

GPC Calibration Narrow Standards (Markers)

To build librati .
=
LogMWE NEa&
= Za
e Narrow dispersity standards Hg <»
(Polydispersity<1.1) = ~ o
° Elution volume at peak height % l\
Curve : Log(M) = f(Ve =
° g(M) = RVe) e ) NS e = =5 ol
|
k 9100
] 19000
] 1100000 / \
Elution
volume
Big mall

beads
K=0
for molecules too large to enter the pores
K=1
for molecules that can enter the pores Vl) Vt
unhindered
Ve (or time)
Liquid Chromatography
Protein Separation Modes
Protein Structure
Primary,
Secondary, Net Charge
Tertiary
Structure -
Hydrophilic
Carbohydrate Groups
Groups
- Aromatic
Hydrophobic Groups
Regions
Disulfide Hydrogen
Linkages Bonding

Dr. Shulamit Levin, Waters Israel
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Separation Modes in HPLC

L
Short Overview
Our Experiment: BEH200 SEC, 1.7um Calibration Curve
BEH200 SEC, 1.7um Column Markers
Analyte MW
Analyte pI MW Blue Dextran 2,000,000
. Thyroglobulin 669,000
022 1. Thyroglobulin, 3 Tng/mL 4.6 669,000 10000000 B-Amylase 200:000
020 2. IgG, 2 mg/mL (Vicam) 6.7 150,000 19G, 150,000
3. BSA, 5 mg/mL 4.6 66,400 19G (~150,000 Da Amyloglucosidas®&—— 97000
o8 2 1000000 - gG (=150, ) '
4. Myoglobin, 2 mg/mL 6.8,7.2 | 17,000 Conalbumin 75000
o6 4 - BSA 66,400
5. Uracil, 0.1 mg/mL N/A 112 100000 Ovalbumin ¢ 44,000
0.14 3 Carbonic Anhydrase 29,000
5 Myoglobin 17,000
012 § 10000 4 Lysozyme «— 14,400
2 Ribonuclease A 13,700
010 Aprotinin 6,500
oo 1000 4 Uracil 112
1
0.06- 100 i
0.04-
10 T T T T T T T
0.02-
\ | 1 1.5 2 25 3 3.5 4 4.5 5
. | .
0.007 A Elution Volume
000 050 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 S50 1000
Minutes

Calibration Curves of Various Columns

BioSuile™ 250,
/ 5 pm HR SEC
08— L\ ;- L
& \Yams‘me 450,

Typically log Molecular Weight

versus retention volume
& pm HR SEC

Linear portion is where the best L
separation is achieved

The boxed area shows the MW
range for all three columns (some
ranges may exceed this area)

Dr. Shulamit Levin,

Gel Filtration/Size Exclusion/Gel Permeation

Polymer Peak

Narrow standards

Calibration
curve

™
Log 500k
Mw 250K
100K

25K

Elution Time or Volume

Waters Israel
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Separation Modes in HPLC

Principles of Calculations

Step 1 Processing standards : 2
Elution volume is obtained from data. —
Plot of log (M) versus f (elution volume). —

3550 43900 .
o]
2800
2890000 / 3

Log(M)
w A~ o

N

Short Overview

0.00 10.00 20.00  30.00 40.00
Minutes

Elution volume

GPC, Principles of Calculations

2 Processing unknowns :
— The ssignal is cut in slices (width dt).
Step 2 — Eachslice is characterized by :
» Elution volume, Vi.
» Area Hi.dt = niMi.

— With the calibration curve Vi gives the MW in each slice,
Mi.

— nifor eachslice is determined by the area and Mi.
— Therefore Mn, Mw... can be calculated.

A 3 Mn, Mw, Mz, |, ...
10.00 1500 2000 2500  30.00

Minutes

Example for a Narrow Unknown

0.012 BSA (66,400)

2 ooe] BSA dimer (132,800)

0.002+

Principles of Molecular Weight Distribution

» Definition of MW averages :

— A polymer is made of species (chains) of varying lengths. Each
chain is characterized by its molecular weight, Mi, and its
abundance ni. Then :

_ 2 niMi wm, = nMP = M
n
> ni Y niMi? M,
2 niMi? M4
M, - =™ M, :Zli
2 niMi > niMi3
Mn<Mw<Mz<Mz+1

* Most of these values are necessary to characterize the
polydispersity

» These values can be calculated by different techniques but SEC
is the most convenient and widely used method.

Dr. Shulamit Levin, Waters Israel
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Separation Modes in HPLC
Short Overview

Molecular Weight Distribution

Clinical Applications

Test of haemoglobin variant for Thalassemia
77070 M2V DUVIRN AT DV AT9IR

o e ko Tham ]l Shor t @005 e
DATE : 8201 - G5 TIME=1@: 3423

s
Polydispersity = M,, / M,

Q

en

=

. —

7]

<

(o]

=

Q

=t

—

Increasing MW
| High Performance Liquid Chromatography: Biomedical Mostly ‘
I PRINCIPLE OF SEPARATION: : nT190n Ny |
ION-EXCHANGE | [sze-ExcLusion | i[Blo-AFFINTY | [cHlRALITY ]
|| SOLUTES: : n'onim @ @
INORGANIC IONS, POLYMERS, PROTEINS,
” ACIDS, BASES H || NUCLEIC ACIDS ” EROTEN-S: TnafTonERs ]

CONDITIONS:
I nTAY NN

AQUEOUS BUFFERS
AQUEOUS BUFFERS, IONIC AQUEOUS BUFFERS OR ORGANIC || AND SPECIAL AQUEOUS OR
SOLUTIONS SOLVENTS ADDITIVES JRGANIC SOLVENTS

Affinity Chromatograpy (AC)

Target sample
molecule with full
ML TIRD NN Hw ovp mow affinity for the Iigand

; A Specific
Bonding
“P Target Molecules LD

o '8
: —
. : . B 4
- ®
Symboli
reprzg:enc::al(t:ion ) @ .} ¢

of a section of
an AC bead &@ @ .
surface Sample molecules with

no affinity for the
ligand

AC relies upon a reversible highly specific binding reaction.

Dr. Shulamit Levin,

Waters Israel
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Separation Modes in HPLC

Short Overview

Affinity
Chromatography
1. Equilibration 2. Sample application and wash 3
The column is conditioned The sample is applied under binding )

conditions.
The target molecule binds specifically to
the affinity ligands, while all other

to promote adsorption of
the target molecule by
equilibrating it with binding

buffer. sample components are washed
through.

| Binding buffer | Binding buffer 1
re ® N
i :
; @
: @

Fl

|

a

|
S J

Elution
The target
moleculeis
desorbed and
eluted by switching
to elution buffer.

Elution buffer

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 Binding of Glycated Protein

Oz

P - &
T ™= [
= B oy

o oo o

Boronats Affinky Matrix + Qiycated Frotein

Hydrophobic Interaction Chromatogra

@ ¢ &

Slightly . Reasonable Quite
hydrophobic . .
sample hydrophobic hydrophobic
component. sample sample
component component.
1. Equilibration. 2.Sample 3. Gradient elution.
application and Elution order:
wash. D6 L
sy e | o
i
. e
d
re

phy (HIC)

]
Highly
hydrophobic
contaminant.

i

)
2
-
-3
e

2 Dimension Chromatography

E

(T
o

1= dimension T divension
separatiomn sgparatinn
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