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Structured water
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Fig. 1. Interaction of a solute with a typical reversed phase medium. Water adjacent to
hydrophobic regions is postulated to be more highly ordered than the bulk water. Part of this
‘structured” water is displaced when the hydrophobic regions interact leading to an increase in the
overall entropy of the system.




Structures of Common Silica-based Sorbents
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Chemistry of Monomeric and Polymeric Bonding
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Fig. 4. Partial structure of a polvstyrene-based reversed phase medium.




C18 Bonded Silica Containing Free Silanols




Chemical Stability Test

No noticeable change in peptide separation after a 400
column-volume wash with strong base or strong acid.

259VHP5415

A. Before any washing

B. After 1 L NaOH (1 N)
washing

C. After 1L sto‘ (1 N)
washing

_—
minutes




8 Pyridine Peak Asymmetry

Celumn ZC18

“Column A C18
Column S C18
Column'Y C18
Column V C18 88 Coelution - Pyridine a:pd Phenol

Jupiter”™ C18

o 1 2 6 7 8

* Pyridine and phencl elution order reversed Pyridine Peak Asymmetry

Figure 12. Comparison of 6 different 5u C18 300A wide pore columns designed for protein/peptide reversed-phase chromatography. Test measures
degree of silanol activity on the surface of each silica. Jupiter S C18 300A material demonstrates the lowest silanol activity.
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15 Dimensions: 250 x 4.6 mm

3 Mobile Phase: Water/Acetonitrile
50:50
Flow Rate: 1.0 mL/min
Detection: UV @ 254nm
Peaks: 1. Pyridine
2. Phenol
3. Toluene
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Figure 13. Comparison of 6 different 5y C4 300A wide pore columns designed for protein/peptide reversed-phase chromatography. Test measures
degree of silanol activity on the surface of each silica. Jupiter 5j C4 300A material demonstrates the lowest silanol activity.
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Peptide Separation on Different

Column Selection and
Reversed-Phase Columns

Characteristics of Sample Molecule
Cia (WYDAC* 218TP54)

Decreasing Hydrophobicity Increasing

-

Phenyl (VYDAC® 219TP54)

C, (VYDAC® 214TP54)

Figure 8. Pepiide separation on different
reversed-phase columns Columns: VYDACE

2I8TP54 (Cig); 214TP54 (Cy); 219TP54
iphenvl); Eluent: 15-30 % ACN in 0.1%%
agqueous TFA over 30 minutes at 1.0 mL/min.
Sample: 1. oxyiocin, 2. bradykinin, 3.
angiotensin Il, 4. newrotensin, 5. angiotensin I.

100,000

Figure 7. This chart indicates the pore
size and bonding recommended for various
molecular weights and hvdrophobicities.




Molecule Retention Versus
Organic Modifier Concentration
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Figure 4. A: The retention of small molecules
such as biphenyl decreases gradually as the
arganic modifier concentration increases
because they are retained by partitioning,

B: The retention of polypeptides such as
lysozyme changes suddenly and drastically

as the organic modifier reaches the critical
concerntration needed to desorh the polvpeptide,
evidence of the adsorpiion/desorption model of
polypeptide-reversed-phase surface interactions.

Effect of Acetonitrile
Concentration on Elution

| 42% ACN

Time [mini]

Figuare 5. Af 3926 ACN, ihe retfeniion fime of
hvsozyme s nearly 18 minutes. Increasing

the ACN conceriration ko 4070 reduces the
relention rime by more than hall] o 7.6
mirwies. Increasing the ACN corcenfration fo
42%6 reduces rhe refention Wme of Ivsozyme
agair by more than hall] (o 3.1 miriues.
Colamn: FYDAC® 2 [ 4TP 54 Elgent: ACN at
39 40 ard 42740 ir 0.1%6 agueous TFA.




Example:

A 3-mL cartridge was conditioned with T mL of ACN foliowed by 1 mL of

5% ACN with 0.1% TFA and then loaded with 100 mg each of ribonu-

clease and myglobin in 30% ACN/0.1% TFA . The cartridge was washed

with 1 mL of 5% ACN/0.1% TFA to remove weakly bound compounds,

and then washed with 1 mL of 30% ACN/0.1% TFA to elute the ribonu-

clease. Myoglobin was eluted with 1 mL of 60% ACN/0.1% TFA. Protein

was measured in each wash by HPLC. Analysis of the 5% ACN wash

(Figure A) revealed only a small amount of ribonuclease. Most of the A.5% ACN
ribonuciease eluted in the 30% ACN wash (Figure B). The myoglobin

eluted entirely in the 60% ACN wash (Figure C).

C. 60% ACN
HPLC conditions: 3
Column: 214TP5405 (C,, 5 um, 4.6 mm i.d. x 50 mm). Gradient 15-70%
ACN with 0.1% TFA in 10 min.

ribonuclease
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Effect of pH on Peptide Retention

The relative retention of peptides changes with pH, offering an
additional dimension to reverse phase peptide separations.

Conditions

Column: Vydac 228TP104 (Cg, 10 um, 4.6 mm i.d. x

250 mmy}.

Eluent: Left panel (pH 2) = 7-70% ACN / 0.5% TFA. Right
panel (pH 9) = 7-70% ACN / 0.1% ammonium acetate.
Peaks: 1. oxytocin; 2. bradykinin; 3. angiotensin Il

4. eledoisin; 5. neurotensin; 6. angiotensin |} and 7. insulin.




Separation of a Tryptic Digest on
Different Reversed-Phase Columns

Cis (VDAC 2181P54)
‘J\. M—b A)’\Lud..l‘-u.ﬂ. ,J,-L
_J}__/-—‘*‘ ~

Ca (VYDAC 214TP54)
“L‘_- e VL\_\

Sl A

B

Figure 10. Columns: VYDAC® 2]8TP54
(Cyg); 214TP54 (Cy; Eluent 0-30 %6 ACN
in 0.1°6 aqueous TFA over 60 minutes at
1.0 mLmin. Sample: tryptic digest of
B-lactoglobulin A.

Comparison of C4g, C4 and Diphenyl
Polypeptide Reversed-Phase Columns

218TP (C,)
P

214TP (C,)

et

219TP

(diphenyl)_ﬂ__,_,]
0

Conditions

Columns: Vydac 218TP (C,g), 214TP (C,) and 219TP (diphenyl),

5 um, 4.6 mm i.d. x 150 mm. Eluent: Gradient from 10-90% ACN
with 0.1% TFA over 30 min. Sample: 18-residue helical peptide (H)

and six-helix template assembled synthetic protein (THg).
From V. Steiner, M. Schar, K.O. Bornsen, and M. Mutter, J. Chrom. 582 (1991).




Columns of Different Particle Size

&

Separation of Proteins on RP-HPLC

RP maierialy of different parsicle sizes. The

B. FIDACE 21 4T 10 pom

0.1% TF4 over 30 miw ait 1.5 mlimin.

Figure 41. Provels seleciivity v the same on

ondy difference bedween murierials of diffarens
pariicle sizes iz that peak width increases and
resolilion decreases ar partiicle size iRoreases.
Colwma marenals: A FITEOE 204TE § om
O FIDgO= 24T
I5-20 pem Mobile p!r.m-: 2405 %5 ACN wiih

Protein Loading Capacity of RP-HPLC
Materials of Differemt Particle Size
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Figure 42. Although peak widths are much
narrower Wik small particle materials at low
sample loads, there & litle difference in peak
widths at hgh loads, where the column i
“overloaded”. Column materials: VYDACE
2I4TP, 5 yom; VYDACS 21 4TP, 10 um; VYDACE
214TPR, 15-20 pm; VYDACS® 214TP, 20-30 pm
Eluens: 24-95 % ACN in 0.1% aqueous

TFA over 30 min at 1.5 mL/min: Protein:
ribomuclease.

Effect of Sample Load on Protein
Peak Shape and Resolution
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Figure 44. A 25 jg each protein B. 100 pg
each protedn C 200 mnhf:m'emﬂ Sin
each ﬁl‘-’é‘iﬂ E Iﬂﬂr}ﬂg protein fﬂumﬂ.f
FYDACE 2 14TP54 rt';. Spm 4.0x 250 mm)
Eilwent: 25-50% ACN in 0.19% TFA over 25
e af 1.5 mLimin, Sample: riboaunciease
il FOTvme.



Protein Loading Capacity

Crroon | v Gonery (e

Lysozyme

Ovalbumin

BSA

Frontal loading, 10 mg/mL protein solutions. Column: 259VHP5405,
4.6 mm i.d. x 50 mm. Conditions: Loading mobile phase = 80:20
H,O:acetonitrile with 0.1% (v/v) TFA. Flow rate =1 mL/min.




The Usa of Low Concentrations
of TFA for Peplide Separations

20 30
Mlinuies

Fipure 25 Codimn: Cyp 5 e, L83 250 mem
(FIYDAC® 21 8MESH). Flow raie: 1.5 mLimin.
Elaent: Gradiess from 5—196 ACN s ggweows
OLI% TRA. Saemple: 1. gewnsdenzin (T8 frag)
2. exwocin 3. argiotensin [T 4. sewnsienais,

Comparison of TFA and Akermnate
lon-Pairing Agents/Buffers for the
Separation of Peptides
AL D%TRA 1
i 5
224 |
” I!' II ||‘

|
Y HAWAEAE I_=

B, 20 mM Phesphats, pH 2.0

Figure 2. Eletlon of five peptides using TFA
(), Phagphate {B) or HCT () ax the bufer’

ton-pairing agent. Colamn: FIDACE 2 J8TP54

(o, 5w, 4.6 x 2500 mm ). Elunents 15-30%
ACN tn 30 mir gt LOmLdmin; plus A 0.01%
TFA B. 20 mM phogphate, pH 2000 5 mM
HCIL pH 2.0 Pepiides: I. oxyiocin 2.
Bradykinin 3. angioiensin II 4. nearciensin
5. angictensin I

The Effect of TFA Concentration
on Peptide Selectivity

O.1%TRA

|
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Figure 19. Sigrmificant differances in the
pepiide separaiion patitern die to differences

in TFA conceniration are evident. Column: Cjs
(VYDACE 2 I8TP54). Flow rate: | mLimin.
Elgenmt: Gradient from 0-5070 ACN in
agqueons TFA, corceriration as indicated.
Sample: Tryphic digest of apotrarsferria.

Note: Only part aof the chromatogram (5 showa.
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Separation of Peptides on Synthetic
The Effect of pH on Peptide Separations Polymer (Polystyrene-Divinylbenzene)
Column at Low and High pH

A.pH 2

i LL\-_ Ll‘-L.L__A“k__.

A pH2.0 BopH4d C. pHBS

Figure 21. Elitlon of five pepiides at pH 2.0, 4.4 and 6.5 with phosphate as the bhuyffer.

Column: VYDAC® 2J8TP54 (Cys, 5 pm, 4.6 x 250 mmy). Eluent: 15-3026 ACN tn 30 min at 1.0
mLmin; plus A. 20 mM phosphate, pH 2.0 B. 20 mM phosphate, pH 4.4 C. 20 mM phosphate, pH
6.5 Peptides: 1. bradykinin 2. oxytocin 3. anglotensin IT 4. nevwrotensin 5. angiotensin I.

Figure 22. Column: VYDAC® J59VHP5415
(PS-DVRB, 5 um, 4.6 x 150 mm) Eluent:
15-30% ACN over 15 min. with 4. 0.1% TF4,
pH 2. B. 15 mM NaOH, pH 9. Flowrate: 1.0
mL/min. Peptides: 1. oxytocin. 2. bradykinin.
3. newrotensin. 4. neurotensin 1-8. 3.
angiotensin [II. 6. val-4 angiotensin II1.




Sampe.  Anglotensin |1 (0.25 mgimly, Anglotensin I (0,25 mg/mi)
Column. RESOURCE RPC 3 mi (L.d. .4 mm, length 100 mmj).
Eluont A: (A) 0.1% TFA In water, pH 2

(B) MaCH 10 mi In water, pH 12
Eivent B A)0.1% TFA, 60% acetonfre In water

(B} NaDH 10 mM, 60% acetonitrile In water
Gradien. 10465% B In 10 min
Fiow: 2 mimin

pH 2

Angitarsn Il
Anghtsrein 1l

Anglotarain Il T Arglotensin il

T | |
1600 ! 10,00 15.00
Time {min) TIme {ming

Fig. 30. Separation of angiotensin II and angiotensin Il at a) pH 2 and b) pH 12. The selectivity is
changed significantly by changing the pH. (Work by Amersham Pharmacia Biotech AE, Uppsala.




The Effect of lemperature on the
Separation of Peptide Fragments

: 13 15
ey ni12 14

h | |
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Figure 23. Column: C g, 4.6 x 150 mm.
Flow rate: I mL/min. Eluent: Gradient from

0-6076 ACN in agueons 176 TFA iz 60 min.
Temperature: As indicated. Sample: Tryptic
digest of buman growth hormone. Daita from

Reference 39.




Table 6. Solvents used in reversed phase chromatography.

Solvent Boiling UV cut-off* Viscosity Comments
point (°C) (nm) (cP at 20 °C)

Acetonitrile 82 190 0.36 More powerful
denaturant than
alcohols. Toxic.

Ethanol 78 210 1.20

Methanal 65 205 0.60

1-propanol 98 210 2.26 Viscous

(n-propanol)

Z2-propanol 82 210 2.30 Viscous

(iso-propanol)

Water <190 1.00




Prassure (MPa) Pressure (MPa)
3.07 3.0

Acstonitriks

T T T T T 30 T T T T T T T 1
540 720 900 1080 1260 1440 O 180 360 540 720 900 1080 1260 1440

Linsar flow (cmmh) Unear low (cmvh)

Fig. 25a. Pressure:flow curves for (a) RESOURCE RPC, 1 ml and (b) RESOURCE RPC, 3 ml with
various organic solvents and water. (Work by Amersham Pharmacia Biotech AB, Lillestrem,
Norway.)

&) 15 cm bed height
b) 30 cm bed height
2-Propancl

o 2-Propancl
Ethamol

L 1] L) L] L L

80 1000 1200 20 40
Flow velocity (cmh) Flow valozity (cmi'h)

Fig. 25b. Pressure/flow characteristics of SOURCE 30RPC in various organic solvents and water at
room temperature. The pressure/flow velocity data were determined in a FineLINE column with
a) 15 cm and b) 30 cm bed height.




Table 7. Examples of mobile phases for use at different pH.

Buffer

Hydrochloric acid
Phosphoric acid
Trifluoroacetic acid (TFA)
Triethylammonium
phosphate (TEAP)
Ammonium acetate
Sodium hydroxide

Approximate pH

Comments

Non-volatile.

Non-volatile.

Non-volatile. Only with
stationary phases based on
organic polymers.




s , Sample: Standard peptides. See Table 8.
{A) Neutral peptides —(— Peptide 1 Sampie volume: 20 ml
I .'332.’332? Column: Organic polymer-based matrix
(i.d. 5§ mm, length 200 mm).
. Eluent A: TFA in water. TFA concenfrations as in
diagrams.
I Eluent B: TFA, 95% acetonitrile in water.
TFA concentrations as in diagrams.
- Gradient: 15-100% B at 1% B/min
Flow: 1 ml/min

Retartion frma {min)

0.2
% TFAin mobile phase A

7 (B)Basic peptidas (C) Acidic peptides

—— Paptide O
—— Peptide 10

Retention time (min)
o

i

=
=]
=]

£
E
E
c
:8
[=
2
&

—— Peptide &6
—&— Poptide 7
—— Peptide &

0.1 ' 0.2 0.2
% TFA in mobile phasa A % TFA N mobile phasa A

Fig. 31. Variation of retention time with concentration of the anionic ion pairing agent (TFA) for (A)
neutral, (B) basic and (C) acidic peptides. (Work by Amersham Pharmacia Biotech Inc., Piscataway.
NJ, USA.)




Table 9. lon pairing agents.

lon pairing agent

Formula of pairing ion

Comments

Anionic
Trifluoroacetic acid (TFA)

Pentafluoroproprionic acid (PFPA)
Heptafluorobutyric acid (HFBA)

Ammonium acetate
Phosphoric acid

Cationic
Tetramethylammonium chloride
Tetrabutylammonium chloride
Triethylamine

CF,COO-

CF,CF,COO-

CF,CF,CF,CO0-

CH,COO-
H,PO,~, HPO, =, PO, >

+N(CH,),
+N(C,H,),
NH*(C,H,),

Low UV-absorbance.
Volatile, low pH,

More hydrophobic

than TFA. Volatile, low pH
More hydrophobic

than TFA. Volatile, low pH

Less hydrophabic
than TFA.




Peptides on LC/MS C1s

A mixtwre of siy paptides was sopaated on
a monomenc-C ra LOMSE calumnm with a

varriedy of lon-pav raagents.

Conditions

Column: Vydac 238MS54 monomeric
Cyp 5 um, 300 A, 4.6 mm id. x 250 mm.
Flow: 1.0 mL/min. Detection: 220 nm.
Gradient: Linear, 10% to 40% ACN over
30 minutes for all chromatograms.
Mobile phasa modifiers as indicated
(w/v]. Sample companants: axytacin,
bradykinen, angiotansin |I, aledaisan.
related paptide, neurotensin, and
angictansin |.

o
M

Q.00I% TFA + 1N Fermic Asid




Rapid Separation of Proteins Using Short (50 mm) Column

Efuem" hmﬁemfmm 204 ﬂ'gu 0 1% T .-I i Jm .S'amp.rrpmm’n sf.:r.mfamv
1) riboruclease, (2) insilin, i-l.'n!me.!ln:-mec' M‘.l BS54 asd (3] mvogioln,




Comparison of high performance reversed-
phase and high performance ion-exchange
chromatography in the separation of five
peptides

Comparison of the separation of several peptides by reversed-phase and Reverse phase
cation-exchange HPLC illustrates the complementary selectivity of the two 218TP54
techniques. On the cation-exchange column, singly-charged oxytocin elutes

early, followed by the three doubly-charged peptides—neurotensin, angio-

tensin ll, and bradykinin. Angiotensin I with four charges elutes last. On

reversed phase the peptides elute in the order of oxytocin, bradykinin,

angiotensin il, neurotensin, and angiotensin .

Reversed-phase
Column: Vydac 218TP54 (C4, 5 um, 4.6 mm i.d. x 250 mm).
Eluent: 15-30% ACN in 0.1% TFA over 30 min. at 1.0 mL/min.

Strong cation exchange

Column: Vydac 400VHP575 (cation exchange, 5 um, 7.5 mm i.d. x 50 mm).
Eluent: 10 mM phosphate, pH 2.7/25% ACN; gradient 0-0.1 M NaCl in 20
min. at 1.0 mL/min. Sample: 1. oxytocin; 2. bradykinin; 3. angiotensin II; 4.
neurotensin; and 5. angiotensin |.

Cation Exchange
400VHP575




Chromatographic Comparisons of 5, G4, 3004 250 x 4.6mm Columns***

Jupiter 300™

YMC-Pack™

Peptide Hormones™

Conditions for all columns
Dimensions: 250 x 4.6mm
Mobile Phase: & 0.1% TR in Water
B: 0.1% TRAin Acetonitrile’Water
]
Gradient a) AR (90:10) to AB [74:26) in 8
min (2% B‘min)
bl A/B (74:26) to AB ([70:30) in 6
min {0.57% B/min)
Flaw Rate: 1.0 mLfmin
Detection: IV@214nm
Sample: 1. [Ang]-Vasotocin
(Cys-Tyr-le-Gln-Asn-
Cys-Pro-Arg-Gly-NH,)
. [Arg]-Vasopressin
(Cys-Tyr-Phe-Gin-Asn-
Cys-Pro-Arg-Gly-NH,}
. Isotocin
(Cys-Tyr-lle-Sar-Asn-
Cys-Pro-lle-Gly-HH_)
. Cwybocin
(Cys-Tyr-lle-Gln-Asn-
Cys-Pro-Leu-Gly-NH,)




Comparison of High Performance Reversed-Phase and High Performance
lon-Exchange Chromaltography in the Separation of Peplides

Reversed-Phase (Z1BTPE4) Cation Exthange (400VHPETE)
&

Figure D-1. Reversed Phase Columa: FYDACO® 2I8TP54, C,p 5 pm, 4.6 x 250 mm Eluent:
5302 ACN in 00% TFA over 30 mirwies ai 1.0 mLwmie Sirong Cation Exchange Column:
FYDAO® JOFHPSTS, Catdon exchange, 5 prm, 7.5 x 50 mm Elwenc 10 mM phosphare,

B 2. 725% ACN; gradient from 001 M NaCJ dn 20 min ar 1.0 mLimir Sample: 1. oxyocin
2. bradyvbiein 3. augdolensin I 4. rewrolensin 5. anglotensin I




Figure 1.
Typical SPE
Column

—

sample reservoir

polypropylene or glass

syringe barrel

frit

sorbent

frit




Easy-to-use
BioSelect™ SPE cartridges

Step 1 Step 3 Step 4
Prepare Load Rinse with Rinse with
cartridge by weak medium
washing solvent to strength
with strong ] elute solvent to
solvent weakly remove
followed by bound product of
weak contami- interest

solvent. nants




