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Near-Infrared Multispectral Imaging Technique for
Visualizing Sequences of Di- and Tripeptides
Synthesized by Solid Phase Combinatorial Method

TROY ALEXANDER and CHIEU D. TRAN*
Department of Chemistry, Marquette University, P.O. Box 1881, Milwaukee, Wisconsin 53201

A new method based on the near-infrared (NIR) multispectral im-
aging technique has been developed for the noninvasive and non-
destructive determination of the identity and sequences of amino
acid residues in di- and tripeptides. The di- and tripeptides were
synthesized on polymer beads (i.e., Rink) using the solid phase pep-
tide synthetic method. The developed method is capable of deter-
mining the identity of sequences of the peptides (with and without
the Fmoc protecting group) directly on the polymer beads. It can
distinguish not only dipeptides from tri-peptides but also peptides
with very similar structures (e.g., Rink-Gly-Ala-Ala, Rink-Gly-Ala-
Phe, Rink-Gly-Ala-Leu, Rink-Gly-Ala-Val, and Rink-Gly-Ala-Met).
More importantly, it is capable of distinguishing peptides with the
same amino acid residues but different sequences (e.g., Rink-Gly-
Leu-Val from Rink-Gly-Val-Leu).

Index Headings: Acousto-optic tunable � lter; Combinatorial chem-
istry; Multispectral imaging; Peptides; Sequences.

INTRODUCTION

Over the last two decades there has been an explosion
of interest in solid-support based combinatorial chemistry
techniques.1–3 In fact, most drug discovery programs use
such techniques as an integral part of their drug devel-
opment procedures. The popularity stems from the in-
creased drug screening ef� ciencies developed in the phar-
maceutical industry.1–3 The recent accessibility of rela-
tively large target protein quantities (milligrams) pro-
duced through genetic engineering efforts is responsible
for the increased screening ef� ciencies. It is now possible
to screen more than 100 000 compounds in just a few
months.1–3 In addition, it is projected that this screening
time could be reduced to just a single day. As a conse-
quence of these high throughput screening approaches it
is possible for an average pharmaceutical laboratory to
screen its entire compound library in less than one week.
Such ef� cient screening protocols increase the urgency
of developing methods to produce much larger drug li-
braries.

Solid support based peptide synthesis techniques have
demonstrated several distinct advantages over solution
phase synthesis;1–3 namely, ability to drive reactions to
completion, easy product puri� cation, as well as ease of
automation. However, there remains one large hindrance
to this synthetic technique, and that is the lack of a sen-
sitive analytical method to follow solid-phase reactions
and characterize resin-bound products.4 Although several
attempts have been made to address this obstacle, includ-
ing FT-IR spectroscopy, mass spectroscopy, and chemical
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sensors, as well as FT Raman spectroscopy, none of these
techniques have found widespread acceptance because
they cannot be used for the direct determination of com-
pounds attached to the resins and/or have rather low
throughput.5–10

It is possible to characterize compounds synthesized
through the combinatorial method directly when they are
still attached to the resin by using a near-infrared (NIR)
spectrometric technique. The possibility stems from the
fact that the NIR light has relatively high penetrating
power. It can penetrate the resins and hence facilitate the
direct measurements of compounds attached to the res-
ins.11 Additionally, the NIR technique can generally be
applied to all organic compounds because it is based on
the measurements of the combination and overtone tran-
sitions of N–H, C–H, and O–H groups.11 While the NIR
spectrometric method has an advantage over other meth-
ods, it is not particularly suited as the detection method
for combinatorial chemistry. The limitation is due to the
low throughput of the NIR spectrometric method. Spe-
ci� cally, it is not possible to use the NIR spectrometric
method for the determination of hundreds of compounds
simultaneously. This limitation can be ameliorated by us-
ing not the NIR spectrometric method but rather an NIR
multispectral imaging method.

Multispectral imaging is a technique that can simulta-
neously record spectral and spatial information of a sam-
ple, i.e., the recorded images contain signals that are gen-
erated by a sample and plotted as a function of spectral
and spatial distribution.12–17 Chemical information on a
large area of a single sample or samples can be elucidated
from recorded images. In these instruments, the spatial
distribution of the sample is obtained by a camera, and
the spectral information is gained by scanning a disper-
sive element. In order to be used for realtime and on-line
monitoring (as in the combinatorial synthesis), the instru-
ment must be able to sensitively and rapidly record spec-
tral images of a sample. These requirements can be sat-
isfactorily met with the instrument recently developed in
our laboratory.18,19 In this instrument, an acousto-optic
tunable � lter (AOTF) is used for spectral scanning.20–22

AOTF is an electronic tunable � lter that has rapid scan-
ning ability, high diffraction ef� ciency, wide spectral tun-
ing range, and high resolution.20–22 Because of these ad-
vantages, the multispectral imaging instrument based on
an AOTF is compact, has no moving parts, and can sen-
sitively and rapidly record images of a sample or sam-
ples. Studies which to date were not possible can now be
performed by using this newly developed instrument.
These studies include the determination of the chemical
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SCHEME I. Schematic diagram of the resin-bound peptide synthesis.

inhomogeneity of polymers,18,19 the authentication of
stock certi� cate and currency,18 and the evidence of ki-
netic inhomogeneity.19 We also successfully demonstrated
in our preliminary study that the NIR multispectral im-
aging instrument can be used, for the � rst time, as the
detector for the direct determination of several simple di-
and tripeptides that were synthesized by using the com-
binatorial solid phase peptide synthetic method. 23 The
aim of this study is to demonstrate that the NIR multi-
spectral imaging technique can be successfully used to
determine not only the identity but also the sequences of
amino acid residues in peptides that are synthesized by
solid phase combinatorial method.

EXPERIMENTAL

Instrumentation. The NIR multispectral imaging in-
strument used in this study is similar to the instrument
used in our previous study.18,19,23 Essentially, in this in-
strument, a 250-W, 12 V halogen tungsten lamp was used
as the light source. A 2.5 cm focal length CaF2 lens was
used to collimate the incident white light from the lamp
into a non-collinear AOTF (Crystal Technologies). Light
diffracted by the AOTF was transmitted through the sam-
ple and recorded by an NIR camera. In our previous
study, an InGaAs NIR camera was used to record images
of the samples. In this study, that camera was replaced
by a liquid N2 cooled, 320 3 256 pixel Indium Anti-
monide (InSb) focal plane array camera (Santa Barbara
Focal Plane, Goleta, CA). The replacement was made
because the InGaAs camera is sensitive only in a rela-
tively narrow spectral region (from 1.0 to 1.7 mm),
whereas the InSb camera can cover a relatively larger
region (from 1.0 to 5.0 mm) and that peptides are known
to have stronger absorption in the longer wavelength NIR
region (.1.7 mm).24–26 Images recorded by the InSb cam-
era were grabbed and transferred to a personal computer
by a frame grabber (Dipix Technologies Model XPG-
1000). The Unscrambler Version 7.5 (Camot ASA) che-
mometric software package was purchased from Applied
Chemometrics (Sharon, MA).

Chemicals. Fmoc Rink Amide resin was obtained, as
dry beads, from Polymer Laboratories (Amherst, MA).
According to the manufacturer, Fmoc Rink Amide (Rink)
resin has a loading of 0.91 mmol/g and a nominal particle
size of 150–300 mm. The Rink resin is supplied with an
attached 9-Fluorenylmethoxycarbonyl (Fmoc) protecting

group. Prior to use, the Fmoc group was removed from
the resin.

Fmoc-Alanine, Fmoc-Glycine, Fmoc-Leucine, Fmoc-
Methionine, Fmoc-Phenylalanine, Fmoc-Valine, and N-
Hydroxybenzotriazole (HOBT) were purchased from
Calbiochem-Novabiochem Corporation (La Jolla, CA).
All amino acids were speci� ed by the manufacture to
have purities greater than 99% and to contain less than
0.5% of the D-enantiomer.

Solid-Phase Peptide Synthesis. Fmoc Rink Amide
(Rink) resin was used as the solid support during the
batch-wise solid-phase peptide synthesis. Six different
Fmoc-amino acids were used for this study; namely,
Fmoc-Gly, Fmoc-Ala, Fmoc-Leu, Fmoc-Met, Fmoc-Phe,
and Fmoc-Val. A total of thirty-one peptides (a mono-
peptide, 5 dipeptides, and 25 tripeptides) were synthe-
sized on this resin. The peptide products were synthe-
sized according to the schematic diagram shown in
Scheme I. As illustrated, for all peptides the initial resi-
due was Gly. Following attachment of Gly to the resin,
� ve dipeptides were synthesized by coupling Fmoc-Ala,
Fmoc-Leu, Fmoc-Met, Fmoc-Phe, and Fmoc-Val to the
resin-bound Gly residue (Rink-Gly). Subsequently, a
third series of reactions were performed to elongate the
resin-bound dipeptide to three residues. The tripeptides
were synthesized by coupling Fmoc-Ala, Fmoc-Leu,
Fmoc-Met, Fmoc-Phe, and Fmoc-Val to the resin-bound
dipeptides. Prior to removing the Fmoc protecting group
on the peptides, a portion of monopeptide, dipeptide, and
tripeptide resins were removed and archived for mea-
surement. The batch-wise peptide synthesis was carried
out in three steps: (1) activation of the amino acid, (2)
coupling reaction, and (3) deprotection.

(1) Activation. Three equivalents of the amino acid and
six equivalents of N-hydroxybenzotriazole (HOBT), rel-
ative to the solid-support loading, were dissolved in a
minimum amount of DMF. The mixture was cooled to 0
8C and three equivalents of 1,3-diisopropylcarbodiimide
(DIC) were then added. This mixture was then allowed
to equilibrate for 2 min to completely activate the car-
boxylic acid group.

(2) Coupling.The activated amino acid was then added
to a round-bottom � ask containing the solid-support in a
minimum amount of DMF. Following reaction for 2 min,
two equivalents of diisopropylethylamine (DIPEA), rel-
ative to the resin loading, were added (i.e., Resin: Amino
Acid: HOBT: DIC: DIPEA 5 1:3: 6: 3: 2). The reaction
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FIG. 1. Near-infrared spectra of the Rink resin in chloroform (dotted
line) and chloroform alone (solid line).

was allowed to proceed for 2 h. Subsequently, a small
amount of resin (10–20 mg) was removed and the pres-
ence of any unreacted amino groups was determined by
using the ninhydrin test.27 Coupling reaction was repeated
if more than 10% of unreacted amino acid was detected.

(3) Deprotection. Removal of the Fmoc protecting
group was accomplished by washing the resin twice (for
15 min each time) with 55% piperidine in DMF. This step
was taken because it is known that the free amino group
of the deprotected resin-bound peptides may attack the
peptide resin linkage to produce a cyclic diketopiperazine
compound. This intramolecular aminolysis is amino acid-
residue speci� c and is known to occur readily in peptides
containing Gly residue (which is present in all peptides
used in this study). Washing with 55% piperidine/DMF
for 5 min is known to minimize the dipeptide cleavage.28,29

The resin was then washed three times with DMF fol-
lowed by decarboxylation with 2:1 (v/v) dioxane: water.
Finally, the resin was washed with DMF and chloroform
� ve times each to give a free amino group.

Rink resin and Rink-peptides were suspended in chlo-
roform. The swollen resin was placed in a 2.0 mm path-
length cell and the NIR multispectral images were mea-
sured from 1580 to 2800 nm using the multispectral im-
aging instrument. The absorption spectra were calculated
by taking the average intensity of 101 3 101 pixels in
each picture (a total of 610 images were recorded from
1580 to 2800 nm). Each spectrum shown is an average
of 6 recordings.

RESULTS AND DISCUSSION

Thirty-one resin-bound peptides were synthesized on a
polystyrene-based solid support, Fmoc Rink Amide
(Rink) resin. Because the polystyrene core of this support
is speci� ed to be lightly cross-linked (;1%), it is ex-
pected that polar solvents can permeate freely into its
core. As described above, solid phase method was used
to synthesize peptides that are attached to this Rink resin.
In this resin, the reactive amino group is separated from
the polystyrene core by the acid-labile linker. This linker
facilitates the liberation of the synthesized peptides from
the resin by simply treating the peptide bound resin with
50% tri� uoroacetic acid in DCM for 15 min at room
temperature.30

Near-Infrared Spectra of Peptides Attached to Rink
Resin. Figure 1 shows the NIR spectra of pure chloro-
form and of the Fmoc-protected Rink resin suspended in
chloroform. As illustrated, differences between the two

spectra are well-resolved bands at 2020, 2142, and 2464
nm. The band at 2020 nm can be assigned to the N–H
of the Fmoc-protected aliphatic amino group. The com-
plex band centered at 2142 nm and the band at 2464 nm
may be attributed to the aromatic C–H stretch of the poly-
styrene backbone.24–26 Aliphatic C–H combination tran-
sition may be responsible for the shoulder at 2300 nm.24–

26 This band can also be traced to methylene groups in
the resin. Since the amino group is involved in all solid-
phase syntheses, the 2020 nm band can be used to mon-
itor amide bond formation during coupling reactions.
Moreover, the aliphatic C–H combination band at 2300
nm may facilitate identi� cation of amino acid residues
through absorption of their side groups. This is due to
the fact that each residue contains a certain number of
C–H bonds (in the methylene groups as well as the meth-
yl groups). Combination absorption of these aliphatic
groups makes it possible to distinguish closely related
compounds.

The NIR spectra of the Fmoc protected dipeptides on
Rink resin (i.e., Rink-Gly-Ala-Fmoc, Rink-Gly-Leu-Fmoc,
Rink-Gly-Met-Fmoc, Rink-Gly-Phe-Fmoc, and Rink Gly-
Val-Fmoc) are shown in Fig. 2. The spectra in this � gure
were corrected for in� uence of chloroform. It was found
that Rink resin absorbs a signi� cant amount of chloroform
(;6.0 ml/g). Correction was made by subtracting the chlo-
roform spectrum by using an empirical weighting factor
of 0.85. The correction factor of 0.85 was selected be-
cause, as illustrated in Fig. 1, the band at 1857 nm is due
primarily to the absorption of chloroform and that the ab-
sorbance of the Rink resin in chloroform at this wave-
length is about 85% as intense as that of the chloroform
spectrum. Therefore, it is assumed that a large proportion
(;85%) of the resin volume is due to chloroform.

As illustrated in the � gure, the N–H band at 2020 nm
(in Fig. 1) is slightly shifted to 2026 nm. This seems to
indicate that an amide bond formed during coupling.24–26

The 2290 nm band of the amino acid residue side group
can be used to differentiate dipetides that have different
amino acid residues (i.e, side groups). As an example, in
this region, the bands for Rink-Gly-Met-Fmoc and Rink-
Gly-Leu-Fmoc are centered at 2284 nm and 2290 nm,
respectively. Expectedly, these bands demonstrate much
greater variation when compared to the other bands in the
spectrum. Speci� cally, the corresponding bands of Rink-
Gly-Ala, Rink-Gly-Leu, Rink-Gly-Met, Rink-Gly-Phe,
and Rink-Gly-Val are different not only in size and shape
but also in the peak positions among one another.

A signi� cant intensity variation in the aliphatic C–H
band at 2350 nm seems to indicate that the light beam is
strongly attenuated by the resin. In order to increase in-
tensity of the light incident to the sample (and hence to
increase the the signal-to-noise ratio of the measurement),
the power of the RF signal that was applied to the AOTF
was increased from 2.0 W to 2.5 W in the subsequent
measurements of resin bound deprotected peptides. This
step was taken because it is known that increasing the
RF power leads to an increase in the intensity of the light
diffracted from the AOTF. 20–22

Spectra for deprotected dipeptides on Rink resin are
shown in Fig. 3. Bands at 2020, 2142, and 2290 nm occur
in positions similar to those observed for Fmoc protected
dipeptides on Rink resin. Following deprotection, addi-
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FIG. 2. Near-infrared spectra of Fmoc protected dipeptides on Rink resin: from front to back: Rink-Gly-Met-Fmoc, Rink-Gly-Ala-Fmoc, Rink-
Gly-Phe-Fmoc, Rink-Gly-Val-Fmoc, and Rink-Gly-Leu-Fmoc.

tional shoulders at 2042 and 2200 nm that can be attri-
buted to the deprotected amino group are observed. In
the present � gure, combination bands due to the amino
acid residue side groups occur at 2290 nm. The peak
position wavelength spread in this region is not as broad
as that observed for Fmoc protected dipeptides. Conceiv-
ably, the amino acid residue side group bands are coa-
lesced by the more polar amino group generated follow-
ing deprotection.

Heavily overlapped bands throughout the NIR region
make it impossible to use a single wavelength for the
determination of any resin-bound peptides on Rink resin.
However, it may be possible to use the partial least-
squares regression (PLSR) method, a full spectrum che-
mometric technique, for the determination of resin-bound
residues.

Analysis of Resin Bound Peptides. It is evident from
Figs. 2 and 3 that in the region between 1972 and 2320
nm, resin bound peptides exhibit the largest spectral var-
iations. Accordingly, partial least-squares regression
(PLSR) models were developed by using this wavelength
range. The calibrations were performed by using the
PLS1 algorithm and the cross validation method with the
Unscrambler chemometric software package. Prior to cal-
ibration, the solvent corrected resin-bound peptide ab-
sorption spectra were corrected for variations due to light
scattered by the insoluble support. The multiplicative

scatter correction (MSC) pretreatment was performed us-
ing the wavelength range from 1580 to 1655 nm. This
region was chosen because it contains little absorption
information related to the peptide identity.

PLS1 calibrations were developed with the use of the
solvent corrected NIR spectra of a single monopeptide, 5
dipeptides, and 25 tripeptides on Rink resin as well as
unreacted Rink resin. Moreover, calibrations were devel-
oped for Fmoc protected as well as deprotected peptides.
As described in the previous section (e.g., in Scheme I),
the initial residue in all resin-bound peptides was Gly
while the second residue (in dipeptides and tripeptides)
and third residue (in tripeptides) were composed of Ala,
Leu, Met, Phe, and Val. It is known that chain length
(i.e., number of residues) and the residue position along
the peptide chain affect the NIR spectra. Effects due to
the chain length (i.e., monopeptide, dipeptide, or tripep-
tide) are expected because the number of C–H, N–H, and
amide bonds increases with chain length. This facilitates
the differentiation of dipeptides from tripeptides as well
as monopeptides. Additionally, absorption due to the ami-
no acid side groups is known to be sensitive to peptide
chain length. This may be due to the fact that residues
along the peptide exist in slightly different chemical en-
vironments. Residues are, therefore, expected to exhibit
different absorption characteristics dependent on the local
environment (i.e., adjacent residues). As a consequence,
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FIG. 3. Near-infrared spectra of deprotected dipeptides on Rink resin: from front to back: Rink-Gly-Met-NH2, Rink-Gly-Phe-NH2, Rink-Gly-Val-
NH2, Rink-Gly-Leu-NH2, and Rink-Gly-Ala-NH2.

residues may be broadly classi� ed into two groups de-
pending on their position along the peptide chain; name-
ly, terminal residues and internal residues. Terminal res-
idues (Term-) occur at the N-terminus of the peptide and
are directly attached to the Fmoc protection group (in
protected peptides) or the amino group (in deprotected
peptides). Conversely, internal residues (Int-) are � anked
by two residues and/or attached to the insoluble support
and a second residue. For example, in the tripeptide Rink-
Gly-Ala-Leu-Fmoc, the Gly and Ala are internal residues,
while the Leu is the terminal residue.

Twelve PLS1 calibrations were developed to model the
in� uence of internal residues (i.e., Int-Gly, Int-Ala, Int-
Leu, Int-Met, Int-Phe, and Int-Val) and terminal residues
(i.e., Term-Gly, Term-Ala, Term-Leu, Term-Met, Term-
Phe, and Term-Val) on the NIR spectra of resin-bound
peptides. Additionally, a PLS1 calibration was also de-
veloped to account for the absorption due solely to the
unreacted resins.

Results from the PLS cross validation show that cali-
brations for thirteen models require a relatively small
number of factors for optimal performance (from 9 to
38). The root mean standard error of prediction
(RMSEP), standard error of prediction (SEP) values giv-
en by this method are on the order of 1025 mmol/g. In
both groups of models (i.e., Fmoc protected and depro-

tected peptides), the SEP are ;11% of the resin loading
(0.91 mmol/g). Both groups show good linearity perfor-
mance. Correlation coef� cients for all calibrations are
greater than 0.90.

A total of eighteen resin-bound peptides (nine Fmoc
protected and nine deprotected) were randomly selected
to validate the performance of these calibrations. The se-
lected peptides were Rink-Gly, Rink-Gly-Ala, Rink-Gly-
Ala-Met, Rink-Gly-Leu-Val, Rink-Gly-Met, Rink-Gly-
Met-Leu, Rink-Gly-Phe-Leu, Rink-Gly-Phe-Phe, and
Rink-Gly-Val-Leu. The NIR spectra of these peptides
were remeasured, in a single compartment cell, using the
imaging spectrometer. The spectra were subsequently
corrected for scattering (using the multiplicative scatter
correction). The PLS calibrations were then used to pre-
dict the amino acid residue concentrations in these pep-
tides. Plotted in Figs. 4A and 4B are accuracy data for
Fmoc protected peptides and deprotected peptides on
Rink resin, respectively. In these � gures, the average con-
centration predicted by the PLS model is plotted against
the amino acid residue (arranged in increasing mass). The
loading on Rink resin is 0.91 mmol/g and therefore the
residue concentration predicted by the PLS model is ex-
pected to be identical to this value. As illustrated in these
� gures, the average PLS predicted residue concentration
is in good agreement with the expected residue loading.
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FIG. 4. Plot of accuracy of predicted concentration of amino acid in-
ternal residues (solid line) and terminal residues (dashed line) for (A)
Fmoc protected peptides, and (B) for deprotected peptides on RinkAMS
resin.

FIG. 5. Plot of precision of predicted concentration of amino acid ter-
minal residues (A) and internal residues (B) for Fmoc protected peptides
on Rink resin.

Additionally, the average PLS predicted concentrations
are accurate within ;20% of the actual residue concen-
tration (0.91 mmol/g on Rink resin). Shown in Figs. 5A
and 5B and 6A and 6B are the precision data of PLS
calibration models for the Fmoc protected peptides and
deprotected peptides on Rink resin, respectively. Figures
5A and 6A represent the precision of the terminal residue
models while � gures 5B and 6B depict the precision of
the internal residue calibrations. As shown in these � g-
ures, the plots are reasonably � at and close to the theo-
retical value of 0.0 mmol/g (no residue).

Taken together, Figs. 4–6 clearly demonstrate that the
PLS1 calibrations can model the spectral variation in res-
in-bound peptides well. The method provides an effective
means for the determination of not only the identity but
also the sequences of the resin-bound peptides. As an
example, Table I lists the PLS predicted concentrations
of the closely related resin-bound peptides Rink-Gly-Leu-
Val and Rink-Gly-Val-Leu. For the Fmoc protected pep-
tide, Rink-Gly-Val-Leu-Fmoc, a concentration of 9.10 3
1024 mol/g is expected for the Int-Gly, Int-Val, and Term-
Leu residues. Further, the Int-Leu and Term-Val concen-
trations are expected to be 0.0 mmol/g (no residue). As
illustrated in the table, the PLS models predict 9.14, 9.01,
and 8.89 3 1024 mol/g for the Int-Gly, Term-Leu, and
Int-Val residues, respectively. In addition, the Int-Leu and
Term-Val models predict concentrations of 0.00 and 0.18
3 1024 mol/g, respectively. Clearly, the PLS models can

distinguish terminal residues from internal residues (i.e.,
Term-Val vs. Int-Val) as well as residues with different
side groups (i.e., Term-Val vs. Term-Leu). Discrimination
of these closely related compounds demonstrates the ef-
fectiveness of the PLS calibration models. These results
are signi� cant since Leucine is different from Valine by
only a methylene group.

Experiments were subsequently designed to demon-
strate that the developed PLS calibration models can be
used to predict the concentrations of several resin-bound
peptides measured simultaneously. A total of nine pep-
tides on Rink resin (i.e., Rink-Gly, Rink-Gly-Ala, Rink-
Gly-Ala-Met, Rink-Gly-Leu-Val, Rink-Gly-Met, Gly-
Met-Leu, Rink-Gly-Phe-Leu, Rink-Gly-Phe-Phe, and
Rink-Gly-Val-Leu) were measured in three groups by us-
ing a home-built multicompartment cell. This cell was
constructed of aluminum with microscope slides as win-
dows and has three independent compartments. Each
compartment has a clear optical aperture of 0.45 cm 3
1.30 cm and a 2.0 mm pathlength. Similar to measure-
ments made with the single compartment cell, the NIR
absorption spectra were calculated by taking the average
intensity over a square pixel area in each picture. How-
ever, the pixel area used to calculate the absorption spec-
tra is not 101 3 101 pixels as in measurements made
with the single compartment cell but only 31 3 31 pixels.
Corrections were made to compensate for small wave-
length differences between the center of the image and
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FIG. 6. Plot of precision of predicted concentration of amino acid ter-
minal residues (A) and internal residues (B) for deprotected peptides
on Rink resin.

TABLE I. PLS predicted concentrations of peptides on rink resin.

Sample

PLS predicted concentrations (mmol/g)

In-
ternal
Gly

In-
ternal
Leu

Ter-
minal
Leu

In-
ternal
Val

Ter-
minal
Val

Single cell
Rink-Gly-Leu-Val-Fmoc
Rink-Gly-Val-Leu-Fmoc
Rink-Gly-Leu-Val-NH2

Rink-Gly-Val-Leu-NH2

8.79
9.14
9.25
9.16

8.95
0.00
9.24
1.64

0.00
9.01
0.83
6.16

0.00
8.89
0.40
7.63

9.30
0.18
8.18
2.12

Three-compartment cell
Rink-Gly-Leu-Val-Fmoc
Rink-Gly-Val-Leu-Fmoc
Rink-Gly-Leu-Val-NH2

Rink-Gly-Val-Leu-NH2

8.79
8.96
9.05
9.09

8.95
0.00
9.01
0.36

0.00
9.02
0.40
9.05

0.00
8.61
0.91
8.33

9.30
0.39
8.91
0.00

the image edge. Additionally, corrections were made to
compensate for light intensity variations across the focal
plane array. Following these corrections, the Rink-Gly-
Val-Leu peptide measured in the three compartment cells
is predicted to contain 8.96, 9.02, and 8.61 3 1024 mol/
g for Int-Gly, Term-Leu, and Int-Val, respectively. These
values are in good agreement with the actual value of
9.10 3 1024 mol/g. As expected, the method is also ef-
fective for the determination of residues that are not
there. Concentrations of Int-Leu and Term-Val, were cal-
culated to be 0.00 and 0.39 3 1024 mol/g, respectively.

In summary, it has been demonstrated that the NIR
multispectral imaging technique is capable of determin-
ing the identity and sequences of amino acid residues of
the peptides (with and without the protecting groups) di-
rectly on the polymer beads. These peptides were syn-
thesized on polymer beads using the solid phase peptide
synthetic method. The method can distinguish not only
dipeptides and tripeptides but also peptides with very
similar structures (e.g., Rink-Gly-Ala-Ala, Rink-Gly-Ala-
Phe, Rink-Gly-Ala-Leu, Rink-Gly-Ala-Val, and Rink-
Gly-Ala-Met). More importantly, it is capable of distin-
guishing peptides with the same amino acid residues but
different sequences (e.g., Rink-Gly-Leu-Val from Rink-
Gly-Val-Leu). Experiments are currently in progress to
expand the applications of the method to larger peptides.
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