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Part I

» What are MIPs - a short history?

» How do they behave?

» Examples of selectivity

» ExploraSep™ : a new screening concept

Part II
» ExploraSep and Genotoxins: Case Studies
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The concept of ‘Imprinting’

In 1931 the group of Polyakov (Kiev) reported some unusual
adsorption properties in silica particles prepared using a novel
synthesis procedure. Sodium silicate had been polymerized in
water using (NH,),CO5 as the gelating agent. After two weeks,
additives (benzene, toluene or xylene) had been added. The
silica was subsequently allowed to dry for 20-30 days, after
which the additive was removed by extensive washing in hot
water. Subsequent adsorption studies revealed a higher
capacity for uptake of the additive by the silica than for
structurally related ligands, i.e. some kind of memory for the
additive was apparent, at least in the cases of benzene and
toluene.

In 1934-5 more detailed investigations of the phenomenon were
reported and the observed selectivity was explained as resulting
from structural changes in the silica reflecting the nature of the
additive.

1950,s Polyakov repeated and reiterated his founding experiments
though they were not widely accepted or referenced

1970's Gunther Wolff (Germany) took the concept to another

level.... (@,
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The Birth of Covalent Imprinti

Wolff (1972-78)

"“"Polymers with binding groups located in a definite spatial proximity and
cooperativity in cavities of specific shape should show high selectivity in
binding. This arrangement is similar to those of natural receptor sites.”
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Non- covalent Imprinting — the univer§al method

“According to this strategy .... a monomer mixture containing ...cross-linking units is
polymerized in the presence of a free substrate ..act as a template.... This is simply a mixing
process and no chemical attachment to the monomeric units is required. The monomers
are, however, chosen in such a way as to have non-covalent binding abilities

(ie ionic, hydrogen bond, hydrophobic, charge transfer etc) complementary to those of the
guest template.”
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The Non-covalent Process simplifie

Functional monomers

Crosslinker
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The Functional Monomer Landst
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Methacrylic acid Trifluoro- Acrylamido-(2-methyl)- 4-Vinylbenzoic acid Itaconic acid
methacrylic acid propane sulfonic acid
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4-Vinylpyridine 4-Vinylbenzyl-trimethyl- 4(5)-Vinylimidazole 1-Vinylimidazole 4-Vinylbenzamidine
ammonium chloride
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4-Vinylbenzyl-iminodiacetic acid Methyl-a-D-glucopyranoside-6-acrylate Fluorescent reporter monomer (@
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The Polymer backbone
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The MIP Binding Site

(small molecule)

Definable
interactiog

Spatial site A

Spatial site B

With the monomers employed interactions can involve
H-bonding, charge-charge, van der Waals,
hydrophobic and charge-transfer

©
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Engineering binding and Capacity
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In N(K, mmol/g)

Template ratios: K and Capacit

. Polym.
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low affinity sites high affinity sites
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Molecularly Imprinted Polymers - a

e Highly cross-linked polymer based phases

e Pre-determined selectivity for a particular analyte or

group of structurally related compounds
— Size exclusion

— Chemical interactions in highly defined positions (H-
bonding/ionic, Van der Waals interactions, n—=n
interactions)

e Selective target recognition
— Mimics of polyclonal antibodies or receptors

g ! I'
k Selective k . -
Interaction
1 / o -
%@ Non-polar sub-site B

Highly defined konic/
H-bonding region
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Relative Selectivity of Sample Prep@ration

Techniques

Non-Selective Dirty Extracts

Protein Precipitation

Liguid-Liquid Extraction

Hydrophobic Resin SPE

Supported LLE

C18-C2 Silica Based SPE

Mixed-Mode SPE

MIPs

Highly-Selective Clean Extracts
(Lower LODs and LOQs)

.{@,
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AFFINILUTE MIP SPE procedure
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1. Column 2. Sample 3. Elution of 4. Elution

conditioning Loading interfering Clean and

compounds concentrated
analyte!

e MIP methodology differs from conventional SPE methodology

e Protocols for reversed phase, ionic-exchange resins etc
CANNOT be used without careful comparison with the
recommended MIP method

o Selectivity is typically introduced during the interference wash
step with organic solvents
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IN

AFFINILUTE MIP: Selective extractic

complex matrices

e Technical features

— MIPs generate stronger interaction between the sorbent
and the analyte

- Interfering substances can be washed away using
harsher washing conditions

— The MIP material is stable at high temperatures, in
organic solvents and at extreme pH (normally)

e Advantages
— Cleaner extracts
- Simplified washing protocols with less extraction steps
— Minimized matrix effects and ion suppression
— Higher precision

©
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AFFINILUTE MIP Phases and Appl

Commercially Available For..

Drug-like

e C(Clenbuterol

e Beta agonists (class-selective)

e Beta blockers (class-selective)

e Beta receptors (class-selective, B-agonists & B-blockers)
e NSAIDs

Forensic

e Amphetamines

e NNAL

e TSNAs (Tobacco Specific Nitrosamines)

Food/Agricultural

e Chloramphenicol

e Fluoroquinolones

e Nitroimidazoles

e Triazine herbicides (class-selective)
e Polyaromatic hydrocarbons (PAH)

@
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A class of compounds including amphetamine
(alpha-methylphenethylamine) and substituted
amphetamines

CNS stimulants

— Clinically used to treat ADHD, narcolepsy and
other sleeping disorders.

— Stimulants and hallucinogens illegally used as
recreational club drugs and as performance
enhancers.

Heavily regulated worldwide

Schedule I & II drugs as reported by the DEA,
USA

@
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Amphetamine Structures

Common core’ structure

m SR

Amphetamine Metamphetamine Phentermine
H H
SORMNSORREsO R
O o) o)
MDMA MDEA

Methamphetamine “crystal meth”, “ice” — potent stimulant
MDA, MDEA & MDMA (Ecstasy) — psychedelic stimulant

MDA (3,4-Methylenedioxyamphetamine), MDMA (3,4-methylenedioxy-N-methamphetamine) MDEA
(3,4-methylenedioxy-N-ethylamphetamine)

@

AFFINILUTE MIP P> D YIS IS8R D@D P I HIVICRIEBEDHDIL SN ERIE T 2 &N TEE Y. B‘Otage




AFFINILUTE MIP : High Sensitivity

AFFINILUTE MIP vs Conventional Hydrophilic Polymer?®

Urine extracts (MRM 136/118)

1400 - 1400 -

AFFINILUTE MIP SPE Polymeric SPE (Oasis)
Blank urine sample Low Blank urine sample
700 background 700 -
By O WWWMWWMMW»AM
0 2 4 6 8 10 0 2 4 6 8 10
Min Min
AFFINILUTE MIP SPE Polymeric SPE (Oasis)
1400 - Spiked urine sample (15 pg/mL) uo, Spiked urine sample (15 pg/mL)
. No peak
Amphetamine
700 - e 700 1
0 Petstsneces A AL, AL e 0
0 2 4 6 8 10 0 2 4 6 8 10
Min Min
” AFFINILUTE MIP Amphetamines gives an Astronomically Low Background” — 7
Texas Veterinary Diagnostic Lab |/
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Higher recovery and reproducibility

AFFINILUTE MIP vs Conventional Hydrophilic Polymer?®

% Recovery % RSD
Hydraphilic Hydrophilic
Affinilute palymer SPE | | Affinilute polymer SPE
Methamphetamine 101 100 1 41 516
Amphetamine 104 =l 350 14
Phenterming 104 G4 Bl 26,36
MDA, 114 * 5 A4 *
B D LA, 97 ok ha 8,10
MOEA, 106 & b B 37 80
4 ) L 7)
N Y
High High
Recoveries for Reproducibility
all compounds using
using AFFINILUTE
AFFINILUTE
: @
+ M.-R. Fuh, T.-Y. Wu and T.-Y. Lin, 4

Talanta, 2006, 68:987-991
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Lowered Ion-Suppression

AFFINILUTE MIP vs Conventional Hydrophilic Polymer

lon suppression, MOEA

1600000
Standard solution
1200000 —=% AFFINILUTE SPE extract
800000
Hydrophilic
400000 = Polymer SPE extract
0 - I
0 a0 100

Spiked ngfmL
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¥
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Example 2 : NNAL

» Carcinogenic nicotine metabolite measured in
urine of smokers and passive smokers

A nitrosamine so within the genotoxic ‘class’

Current methods - elaborate and time-
consuming

» Trace level determination required

Y VYV

D
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NNAL Structure

/O Tl /0
7 N~ — F N~
| a4 | a;
S ™
N
NNK NNAL
| o
N
F N~
a& /o % | o
H
CH =z N~
l Q'b H CH
™
NNAL-O-Glucuronide NNAL-N-Glucuronide

Note: -N-N=0 is a PGI (genotoxin) functional group
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Affinilute™ NNAL

Conventional method

Analysis of NNAL. To 20-100 ml (smokers) or 100-500 ml (non-smokers) of urine, 4 ng iso-NNAL
(internal standard, generous gift from Dr Dietrich Hoffmann, Valhalla, NY, USA) were added. Samples
from non-smoker were concentrated on a rotary evaporator at 40 °C and 3 kPa to 100 ml. The sample
was ul]jllﬁll_‘d to p]l ;“ Wldl hydruclll()ric HCi(J. f]‘l'll.‘ ‘cquCULl?\ S()IL[“[JH wds tl"dl]ﬁ}‘crcd tU da H]HES CO'WI‘III
(450 mm % 40 mm, G3 frit) filled with Extrelut® (Merck, Darmstadt, Germany) and allowed to soak for
30 min. The column was eluted with 250 ml ethyl acetate (Code 3427, Promochem, Wesel, Germany),
and the eluate was evaporated to 5 ml at 40 °C and 20 kPa. The concentrate was added to 5 ml water,
adjusted to pH 2.0 with hydrochloric acid, and transfered to a separation funnel. After washing the
aqueous layer three times with ethyl acetate, the pH was adjusted to 5.0 with aqueous sodium hydroxide
and absorbed on a column containing Extrelut®. The column was eluted with 80 ml ethyl acetate, the
eluate dried over anhydrous sodium sulphate, and concentrated to 2 ml i vacuo. The final extract was
applied to 8 g aluminium oxide (activity I1-111, ICN Biomedicals, Eschwege, Germany), equilibrated
with 20 ml ethyl acetate (glass column, 150 mm x 15 mm, G2 frit). The column was washed with 10 ml
ethyl acetate. Unconjugated NNAL was eluted with 20 ml ethyl acetate/methanol (10:1 v/v) (methanol,
Code 9835, Promochem, Wesel, Germany) and evaporated to 1 ml. The purified fraction was transfered
to a reaction vial, the solvent was removed under nitrogen, and the residue was derivatized by adding 48
ul bis-(trimethylsilyl)acetamide (BSA) and 2 pl trimethylchloro silane (TMCS) (Aldrich, Steinheim,
Germany) at 50 °C for 30 min.

Over 20 laborious steps
Results in 3 days
Insufficient detection limits

Affinilute method

Extraction Procedura:

Recommanded flow rake s 0.5 mLmin axceplt for analyte elution 0.2 mL/min.
Zentle vacuum should be applied between aach interference alution,

Sample pre-Lrealment: Uring dilutad 1:1 with dest, water

Column conditioning: Condition the column with!

1 mL of DCM
1 mL of MaQH
1 ml of dest. water

Sample application: Apply the sample b the column (1-10 mL)

Interference elution: Elute the interferances with:

1 ml of water (elution of =alt and malrix
companants)

10 minutes of vacuum («~ -0.7 bar) o dry
the column

1 ml of talugne

1 ml of toluane/TCM (9:1)

1 ml of toluane/TCM (4:1) [ salective
wash, elution of hydrophobic bendad
interferancas)

2 minutes of vacuum bo remaove the
toluene

Results after 0.5 h! *

©
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Affinilute™ NNAL - sensitivity

lon Ratio

R2 = 0.9981

NNAL Concentration, ng/ ml urine

0 0.4 0.8 1.2 1.6 2.0

Sensitivity down to 0.1-0.2 ppb

@
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Affinilute ™ NNAL — the sensitivity LIMI

: '—:;“-" 2.5 pg
E_-._.:: *”Using MIP in SPE was a*

success for NNAL
measurement”

John Bernert, CDC Atlanta

FdaE
=: 2

E
-::.I .
H ]
1 .I!
E it
]
1
—
-
w

Faster and more efficient SPE
by using MIP allows higher
sample throughput

Allows high sensitivity — detection of 2 ppt possible!
(/
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ExploraSep™ : Exploiting Similafity

ExploraSep » more...
Screening Plates

Highly specific scavengers for
remaval of impurities including
genotoxins

Target compounds are screened on multiwell plates containing a
large number of different MIPs generated against many different
templates and containing different monomer chemistries

How and why does ExploraSep work?

(/
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Similarity — the Concept

= Virtually all ways to measure molecular similarity
are based on either (or both!) of these things:
— The structure of the molecule (2D, 3D)
— The properties of the molecule

« In general, an ocbject A (molecule) is described by
a set of n Features:

K.ﬁ = {XM,H“, 'HLI.""'H.H.:I}

This is generally known as a fingerprint

» In addition, a scoring scheme is needed
— A similarity measure or
- A dissimilarity (distance) measure

Most of the time we use the concept of similarity
because of the similar property principle:

Structurally similar molecules are expected to exhibit similar
physical properties or biological activities

@
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Similarity leads to cross-reactivit

vS e

//7/
. Selective
Chemical group ' interaction

functionalities /

fixed in space m

Other molecules that share common features may also fit into the MIP
binding site

"Selectophore”

Hydrophobic site : 2 -
H-bond donor -
== H-bond acceptor -

\ . Selective
interaction
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Selectophore concept Summary

e Comparable to pharmacophore concept in
medicinal chemistry*

e Pharmacophore ="a set of structural/chemical
features in a molecule that is recognized at a
receptor site and is responsible for the biological
activity”

e Similar molecules can bind to the same site -
otherwise Pharma would have no business!

e Itis to be expected that the selectivity ‘profile’ of
a MIP binding site will be at least as flexible as a
biological receptor site

*Gund, P., Prog. Mol. Subcell. Biol. 1977, 5: pp 117-143

@
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ExploraSep Chemistries

ExploraSep » more...
Screening Plates
Highly specific scavengers for
remaval of impurities including
genotoxins

Plate A (acidic functionalities)

e Hydrophobic and carboxylic acidic moieties
e Successful target analytes - amines, amides, nitrosamines, esters, carboxylic acids

Plate U (proprietary ‘urea’ functionalities)

« Hydrophobic moieties and urea groups

» Successful target analytes - phosphates, phosphonates, sulphates, sulphonates, anions of
carboxylic acids

Plate H (aromatic functionality)
« Hydrophobic aromatic moieties
» Successful target analytes - non-polar and aromatic compounds

Plate C (CHO or multi-OH binding functionality)
« Hydrophobic moieties and hydroxy functionalities (ﬁ'
» Successful target analytes - 1,2- and 1,3-diols, and a-hydroxy carboxylic acids 7/
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Overview of ExploraSep Proce

Select appropriate ExploraSep 96-well
Plate(s)

Screen ExploraSep Plate to Find “Hit”

Hit Found?

<«— Adjust Screening

Conditions

o

YES

Conduct Binding Curve using
cartridges packed with Selected
MIP/NIP Phases

Is MIP/NIP

<— Adjust Binding

Curve Conditions

NO

Binding
Different?

YES

Develop preliminary method using
buffer/solvents (no sample matrix)

ExploraSeplC L dMIPR D! == Hhb,
RERNICERDZHOTOF I ZRET D
XTOTOEB2AOHMETT.

Apply sample matrix and confirm
method. Optimize wash/elution steps
for maximum selectivity and recovery.

Validate MIP Extraction Procedure

@

Biotage



ExploraSep Screening: The Proce

ExploraSep screen of Naphazoline on Plate A

100%

®
= ]
% 90% | I ¥ .I IIIIIIIIIII'I I
E  sow ey e e
: Wy
- AT
= o
50% || s B0.5% HAC wash
5 won HUUNARUN AU N oo wesn
S8 IR ERE e R e et
R AR
S LU R NN N0
T OO
: & N
: Q1
4 \\)
2 MIP NIP N

‘ Alpha adrenergic activity

ExploraSep|(Z(d. EEMIPE . ZNZ2NOMIPICYTE S ANIP(non-imprinted polymer) A'&> L \&E 9. NIP(&. MIP& > --j
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ExploraSep: Sensitive to small diffe

Theophylline
H 80
\N N . <— Selective Sorbent
)\ | /> % Bound
0~ "N N o
| o
Theophylline ®
EA1 EA2 EA3 EA4 EA5 EAG) EA7 EA8 EA9 EA10 EA11 EA12 EA13 EA14 EA15 EA16 EA17 EA18 EA19
o Caffeine
CHs
\N N
| > . No Selective
)\ 7 ' v Sorbent was found
0~ "N~ N
| |
Caffeine s |
I_||_||_II_..J| e |l lu.

L - - -, . L .,
FF PP F SIS F SN

A MIP that binds theophylline but not caffeine
Differential binding with only one methyl group difference!

.{@,
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Summary

MIPs are artificial binding sites in polymers and can be
made to operate in SPE or chromatography mode

MIPs are stable to all organic solvents and normally
extremes of pH (depends on monomer chemistry)

MIPs can be made selective for a restricted group of
highly related molecules OR a ‘CLASS’ of chemically
similar compounds

MIPs can be manufactured for use at process scale

New separation materials for most compounds of
interest to pharma can be discovered using ExploraSep

©
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End of Part I
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Potential Genotoxic Impurities (&
Structural Alerts

Liroup 1D Ammatic Lroups

I i

| e ~HM. . T
__,-__,-'_'?" M. e - s ,:::““»E_,-’N\
: P | = A
L | * k |
- ‘K_L ~ 0 Q'\-\. __--'N _ 5. 1]
S T S o oy
N-Hydrooyarvls M-Acylited amitoaryls Azz-ard N-oxides  Aminoayls and alkylated aminoaryls

Purines or Pyrimidines, Irtercilatcrs, FMAg or FMAH=S

Croup 2: Akyl and Aryl Greups

]
- ,-""DH A /D\

N o NHz
- M Ll
-
- P S A
H & A ey MLy A
Aldehydes MN-Metaylds M-Mitrosamines Mitro Comrpounds Carbamnates {Urethanes)
ﬁ Hal
~Halogen
‘ K
e A g R"N N"/
3 { {ar 2 —
A & & AN
-~ - - - —~ A
. - )
A A x5 A Prosiod Sard Hydrazine: and
Epoxides Aziridines repielaztonzs ™ or S Mugtm Ao Compounds
Propioscltonzs Rt bl

Group 3: Heteroatomic Groups

Y
"EWG

n ﬂ - Hulugzu ‘\

" Halogen

OR R Frimery Halid=z
Haloralkenes (Alkyl and aryl-CH,)

Blichcsl-reac tive
Acceptors Alkyl Eskers of
FPhosphonates or Salforates

(From Miiller et al, Regulatory Toxicology and Pharmacology 44 (2006) 198—-211)
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Genotoxic impurities and ExploraS

The Analytical Challenge

e Validated methods for multiple API's and PGI are required
e The genotoxic compounds may be closely related to
the API

The Process Chemistry challenge

Investigate process conditions that may create PGI
Map the effect of all reaction conditions that effect PGI
formation

Investigate process changes required to control PGI
concentrations

Develop back-up strategy to scavenge PGI with high
yield of API

@
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PGI Screening Process

e ExploraSep

— Screen each of 4 plates in clean solvent mixture
containing API and PGI

— Take *hits’ and develop separation method (SPE or
chromatography

e Comprehensive data

— Raw data supplied with analysis showing polymer of
choice for further development

e Rapid Results
- Projects completed on agreed schedule at fixed
price
e Proven Scale-up

— MIP production already at 500 Kg/year. Option of
bulk resin, SPE cartridges, pre-packed Flash
cartridges or HPLC preparative columns )
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Case Study 1
A large US Pharma
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CS 1: API binds and PGI elutes
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CS 1: Conclusion

* First API-PGI set screened on Plate C identifies
several candidates with selectivity for PGI for
further evaluation. EC 029 selected for further
evaluation

« Second API-PGI set screened on plate A shows
selectivity for API over PGI. EA 005 and EA 007
selected for further evaluation.
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Case Study 2
A large European Pharma
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Case Study 2

e Structures confidential but:

— PGI contains amide and piperazine moieties.

— API contains piperazine, indole and dione moieties.
e LlogP

- PGI ~ 1.3

- API ~ 3.3.
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Case Study 2
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Case Study 2 (cont)

Conclusion

— Quite good selectivity on several of the polymers on
the A plate : EAO7, EA15 and EA23

— Polymers were packed in HPLC columns and
supplied to customer
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Case Study 3
A European CMO
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Case Study 3

e All genotoxin structures known but only a few of the
APIs.

e Log P of Methyl p-Toluenesulfonate (PGI) ~ 2.0, log
P of 21-chlorodiflorasone (API) ~ 2.7.

e Log P of 1,3-diisopropylurea (PGI) ~ 0.6, log P of API
~ 2.7.

e All screened with ExploraSep
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Case Study 3 (cont)
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Case Study 3 (cont)
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Case Study 3 (cont)

Selectivity Plot of Diisopropylurea vs. APl on ExploraSep plate A in Loading
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Case Study 3 (cont)

Binding curve for Diisopropylurea and API: Toluene

140.00
130.00
M —X% X X
120.00
3 110.00
) .
g 100.00 /
=
2 90.00 - A
3 —e—DIPU: EA088
£ 80.00 - —=— DIPU: EA090
= A DIPU: EA091
é 70.00 - API: EA088
F 60.00- —%— API: EA090
S —e— API: EA091
o 50.00
E /././I———l
g 40.00 X . A 5 3
 30.00 -
* 2000 v s E * *
0.00 ® ‘ :
Load: W1: W2 W3 W4 W5 W6
toluene/MeCN toluene/MeCN
95:5 95:5
Arrow shows API versus PGI extraction on EAO88 (#
- - - - - ki S
= Starting point for optimized separation 7

Biotage



Case Study 3 (cont)
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Separation in LC mode on EAOSS
Strong retention of toxic contaminant obtained
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CS 3: Conclusions

e Initial screening showed weak hits

e Additional synthesis and screen showed stronger
hits

e Packing of strongest hit in HPLC mode showed
satisfactory separation
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Case Study 4
European consortium study
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Case Study 4
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SR

e The cross-reactivity of MIPs allows selective
binding of other molecules

e This 'Similarity’ concept has been used to separate
API’s from PGI'’s

e All polymers identified in ExploraSep screening
can be produced at pilot and/or Process scale

e ExploraSep is a powerful tool in separation
method discovery
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Additional Information
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» How can MIPs be scaled up?
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A Stage Gate approach to Produt

The process path

Activities Activities Activities Activities Activities Activities
Screening Transfer of Optimization Pilot scale up Process scale- Full scale
polymerifl * Process up production
zation * Performance || Production =
process kg Full scale
Robustness sampling
Deliverable Deliverable Deliverable Deliverable Deliverable
Cost effective ||Scalable process |Optimized MIP  ||kg MIP delivery Full scale process
MiP from scaled up approval
process

= Applying stage-gate process for efficiency and risk reduction

= Utilising DoE (Design of Experiments) tool to attain robust product
and control
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Tools in materials development -

e A select group of experts

e \Innovative MIP chemistry = large IP
ortfolio

e |Polymer chemistry at the research
rontier

- Novel concepts
- New methods

e IModeling

Chemometric predictions and Monte Carlo models
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Scale up — DOE Starting point

Focus
— Polymer properties
— PSD (particle size distribution)

Parallel 50ml 0,5 L reactors
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Transfer to pilot scale ... -
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Example - Selective removal of

nitrosamines in presence of nicoti

_ e Nitrosamines to be removed
e To selectively remove a

group of 4 nitrosamines s My o Ny o .
at a total concentration of &Jﬁ(\ﬂ,ﬂ/ % % %
70 ng/ml from a tobacco © NO N
extract NNK NNN NAB NAT

e The structurally related
nicotine should be

retained in the mixture - e Nicotine to be retained
at a concentration of 700 N
pg/ml S

e Nitrosamines are
structurally related and (S)-(-)-Nicotine
are at 10000x lower
concentration
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Optimization of the MIP recipe -

DOE computer aided optimization of the recipe

e Final DOE on “best” existing recipe
e 5 Parameters checked

o Coefficients analyzed with software MODDE
— contour plots for the responses
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The DOE Responses

DoE driven process scale-up: Optimisation/model
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The Final Design: Pilot Scale' §25kg)
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