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ABSTRACT

Two different cell lines sharing the multidrug resistance (MDR) phe-

notype were investigated for 8 months by means of Fourier transform IR
spectroscopy on cell smears. We studied (a) a human leukemic doxorubi-
cin-sensitive K562 cell line, from which a doxorubicin-resistant K562 cell
subline was subsequently derived; tin a Chinese hamster LR73 drug-

sensitive line, subsequently transfected with the expression plasmid
pDREX4 containing the mdrl gene, to produce a multidrug-resistant
LR73 subline (MDR-LR73). The sensitivity of Fourier transform IR spec
troscopy has allowed differentiation between sensitive and MDR pheno-

types among the above lines, even in double blind studies. The MDR
phenotype is characterized by three combined features in spectra: (a) a
decrease in the intensities of the amide I and II bands; (hi a shoulder on
the high wavenumbers slope of the amide I bands; (r) a shift toward the
high wavenumbers of the amide II bands. Furthermore, computational
treatment of Fourier transform IR spectra (deconvolution and Gaussian
curve-fitting techniques), has evidenced, in MDR-K562 and MDR-LR73

cell sublines, a conformational change involving the same protein in both
sublines. It is hypothesized that the protein implicated in the conforma
tional change may be related to the MDR phenotype.

INTRODUCTION

FT-IR3 spectroscopy is one of the most widely used methods to

analyze biological molecules. It is especially suited to pick up con
formational information from these molecules (1-7). This technique is

easy to make use of, thus explaining its extensive application in the
biological area.

Most of these FT-IR studies have been focused on a single molecule

(or a single class of molecules) involved in a given biological process.
In this case, FT-IR spectra are rather easy to interpret. Nevertheless,

when it is necessary to extract information from intricate biological
systems, such as whole cells, data provided by the FT-IR spectra are
inherently much more difficult to interpret (8-12). In the latter case,
FT-IR spectra are made of a highly complex combination of overlap

ping components, due to numerous chemical groups that absorb in a
given region of a spectrum. Recent techniques of data processing,
often referred to as "resolution enhancement" (1, 7, 13-15), have

allowed the extraction of more information from broad bands com
posed of overlapping components. Nevertheless, the problem of the
analysis of broad bands is not yet thoroughly solved.

Instead of resorting solely to computing techniques in order to
analyze FT-IR spectra recorded from complex biological systems,
another way of proceeding consists in a "global" approach. The
"usual" approach to understand a complex system generally consists

in (a) first analyzing the system in its elementary components, (b)
then trying to make a trustworthy synthesis of these elements. Our
global approach is somewhat different. It is aimed at detecting the
FT-IR features that spectra from two different systems exhibit in
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common when the systems in question share a biological property.
In this view, we are interested in MDR shared by two cell sublines,
namely, K562 and LR73. Concerning K562, MDR is acquired after a
certain time of exposure to some chemotherapeutic agents such as
doxorubicin (16), whereas MDR-LR73 is the result of transfection of

LR73 by a specific DNA insert.
Rigas and Wong (9, 12) followed processes of thought similar to

ours when they proved able to differentiate between normal and
malignant colonocytes, using FT-IR spectroscopy. Moreover, they
established FT-IR spectroscopy as a useful method to address prob

lems of tumor biology in cell culture systems (12), another prerequi
site we also wanted to comply with.

In this paper, we show that FT-IR spectroscopy, performed on cell
smears, proved able to distinguish between MDR and sensitive phe-

notypes in K562 and LR73 cell lines. Also attempted was the char
acterization of the conformational changes in the secondary structure
of the cell constituents that accompany the MDR phenotype.

MATERIALS AND METHODS

Cell Culture. Two different cell lines were cultured for carrying out this
study, a K562 and a LR73 line. From each sensitive cell line was derived a
doxorubicin-resistant cell subline (K5f>2/DOX and LR73/DOX. respectively).

K562 is a human leukemic cell line established from a patient with chronic
myelogeneous leukemia Â¡nblast transformation (17). K562 cells were kept in
exponential growth at 5-8 X 10s cells/ml in RPMI 1640 (Gibco BRL. Cergy-

Pontoise, France) supplemented with 10% fetal calf scrum (Institut J. Boy,
Reims, France); 2 ITEMglutamine; penicillin (Laboratoire Specia, Paris, France);
streptomycin (Laboratoire Diamant. Puleaux. France): and amphotericin B
(Laboratoire Squibb, Paris, France). K562/DOX were obtained by continuous
exposure to increasing concentrations of DOX (Laboratoire Roger Bcllon,
Neuilly, France). The cells were maintained in RPMI 1640 containing DOX at
l(K) nw. This subline expresses a membrane glycoprotein with a molecular
weight of 180,000 (18). K562/DOX possess double minute chromosomes and
homogeneously staining regions that are supposed to contain amplified DNA
sequences responsible for MDR (18, 19). Cell growth and viability were
determined by phase contrast microscopy and 0.1% trypan blue exclusion test.

Chinese hamster LR73 drug-sensitive cells were transfected with the ex

pression plasmid pDREX4 containing the biologically active DNA insert
of phage DR II as described by Gros el al. (20, 21). Doxorubicin-resistant

clones (LR73/DOX) were first selected and subsequently maintained in me
dium containing DOX at 200 nM. Cells were grown in RPMI 1640 supple
mented as above described. Confluent cell cultures from 175-cm2 flasks were

used to seed roller flasks and cells were further allowed to grow for 5 days at
37Â°Cin a 5% CO2 atmosphere. Cells were harvested from the walls of the

roller flasks by a 2-min treatment with 0.3 ml phosphate-buffered saline lack

ing calcium and magnesium and containing trypsin (Seromed, Biochrom KG,
Berlin. Germany). Upon detachment of the cells, trypsin was neutralized by
addition of 3 ml of 0.9% NaCl solution and the cells were washed twice in
0.9% NaCl solution. Each cell pellet was adjusted to 4 x IO6 cells. From

each pellet, a cell smear was obtained to carry out FT-IR measurements.
Fourier Transform IR Spectroscopy. FT-IR absorption measurements

were obtained from cell smears. Each smear was realized on a 13-mm-diamcter
x 2-mm-thick ZnSc window and was evaporated for IO min at 37Â°C.IR spectra

were recorded by means of a Bomem MB-100 FT-IR spectrometer (Bomcm,

Inc., Quebec, Quebec, Canada) by averaging 100 scans, at a resolution of 4
cm"1, using a general-purpose cosine apodization function (22). The spectro

meter is fitted with a wide band deuterated triglycine sulfate detector ranging
from 400 to 5000 cm~'. The spectra were normalized from the intensity of the
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hand (i>sCH2) at 2940 cm ', using our modified Bomcm Lab Cale" software.

Overlapping components in the amide I and II bands were resolved by using
Fourier self-deconvolution by means of the Lab Cale0 deconvolution function.

Deconvolution of the amide I band gave access to information regarding the
secondary structure of the cell proteins. The recommendations of Cameron and
Moffal (13), Griffith and Pariente (14), and Surewicz and Manisch (15) were
taken into account in the choice of the input parameters for deconvolution. The
aim of deconvolution is to reveal the underlying components of broad bands
and therefore their wave numbers, their approximate intensities, and half-
widths at half-heights. From the data obtained by deconvolution and according

to the procedure of Susi and Byler (23, 24), the amide I bands were quanti
tatively analyzed.

The analysis was performed by iterative fittings of Gaussian component
curves using our modified Lab CalcÂ°software "curvefit" function. This cur-

vcfit function allows the fixing of some parameters, such as the type of curves
used to make the curvefit (Gaussian or Lorentzian). In addition, the program
permits fixing the guesses for widths, heights, and centers of the Gaussian
components. At the end of each curvefit session, the program carries out a
statistical x2 test fÂ°rjudging the meaning of the fits. As a result of deconvo-

lulions performed on the amide I hands, six underlying components were
revealed (taking care to avoid overdeconvolution). The fittings were carried out
with a set of six Gaussian components. The same set of Gaussian curves with
their fixed parameters was used to carry out the fittings on the amide I band of
each subline spectrum. It is noteworthy that the wavenumber of each of the
Gaussian components truly corresponds to a given protein secondary structure
in the literature. The analysis was therefore performed in terms of secondary
structure components: Â»-helix, parallel or antiparallel ÃŸ-sheets, turns and

bends, and random coils.

RESULTS

Nondeconvolved FT-IR Spectra of K562 and LR73 Cell Lines.

Normalized spectra of K562 and K562/DOX, LR73 and LR73/DOX,
are displayed in Figs. 1 and 2, respectively. Figs. 1 and 2 display
spectra between 1770 and 500 cm"'. In Figs. 1 and 2 the continuous

traces correspond to the spectra of the sensitive cell sublines. The
dotted traces in the same figures correspond to the spectra of the
DOX-resistant sublines. The spectra of the resistant cell sublines have

three prominent features in common, in comparison with the spectra
of the sensitive sublines. These differences include (a) a change in the
intensities of the amide I and II bands; (b) a shoulder located to the
high wavenumber slope of the amide I bands; (c) a shift toward the
high wavenumbers of the amide II bands. These changes, as a whole,
allow characterizing the DOX-resistant cell sublines. It is noteworthy

that, from 70 performed experiments, a significant decrease (p <
0.05) in the intensities of the amide I bands of the resistant cells was
recorded in 64 experiments. An increase in the same bands was
noticed in 6 cases, probably due to sampling variation. The intensity
of the amide II band is always decreased in the resistant sublines in
comparison with the sensitive ones. The amide I and II changes,
allowing distinguishment of the DOX-resistant sublines, were further

investigated by deconvolution.
Deconvolved FT-IR Spectra of K562 and LR73 Cell Lines. De

convolved amide I and II bands of K562 and K562/DOX spectra are.
shown in Fig. 3. The same deconvolved bands of LR73 and LR73/
DOX are displayed in Fig. 4. The continuous traces correspond to the
spectra of the sensitive sublines. The dotted traces correspond to the
spectra of the resistant sublines. The two features characterizing the
undeconvolved amide I bands of the resistant sublines can be ana
lyzed, after deconvolution, as follows: (a) the shoulder is related to
the rise of two bands located at 1690 and 1676 cm~', respectively; (b)

the decrease in intensity is related to the concomitant decrease of two
components located at 1659 and 1645 cm"1, respectively. An addi

tional component in the form of a weak shoulder, centered near 1634
cm"', is revealed as a result of deconvolution. Presumably this shoul

der may be involved, in part, in the decrease of the amide I band. The
changes in the undeconvolved amide II bands, distinctive of the re
sistant sublines, can be related to (a) a diminution of the intensity of
a band centered at 1545 cm"1; and (b) a more significant decrease of
a component at 1532 cm"1. In some cases, the band at 1545 cm"1

slightly decreases, even though it is seen to decrease in every spec
trum recorded from a resistant subline. Therefore, being more marked,
the intensity decrease of the band at 1532 cm"1 is mainly responsible

for the wavenumber shift of the amide II band in resistant cell spectra.
In addition, an intensity decrease of a narrow band centered at 1516
cm"' can be seen in the spectra of the resistant cells. From the

literature it is possible to tentatively assign the above components.
In the amide I band, the component located at 1690 cm"' can be

assigned to a given type of secondary protein structure (namely, turns
and bends) according to Susi and Byler (23, 24), to turns solely
according to Surewicz and Manisch (15), although theoretical calcu
lations for ÃŸ-strandshave also been predicted in an infrared active
mode between 1670 and 1695 cm"' (25). The component centered at
1676 cm"1 is related to extended chains high components according to

Susi and Byler (23, 24), to ÃŸ-structureby Surewicz and Manisch (15),

Fig. I. Normalized spectra of K562 and K562/
DOX, respectively. Spectra arc undeconvolved and
displayed between 1770 and 5(H)cm"'. Ctmlimttnt*

trace, DOX-sensitive suhlinc; dolled trace, DOX-

resistant subline. Cells of K562 and K562/DOX
were cultured in RPMI 164(1 (with I(X) nM DOX.
concerning K562-DOX) at 37Â°Cin 5% CXK atmo

sphere. Cells were then washed twice in 0.9% NaCl
solution before FT-IR measurements on cell
smears, as described in "Materials and Methods."

The changes in intensities mainly imply (he amide
I and II bands of KÃ•62/DOX. In addition a shift
toward the higher wavenumhers exists in the amide
II band of K562/DOX. in comparison with K562.

Doxorubicin â€”¿�sensitive K562 vs Doxorubicm-resistont K562

1500 1000
Wavenumber (cmâ€”1)

500
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Fig. 2. Normalized spectra of LR73 and LR73/
DOX, respectively. Undeconvolved spectra dis
played in the same region as Fig. I. Continuum
trace, DOX-scnsitive subline; dolled trace, DOX-
resistant subline. Sensitive LR73 cells were trans-

fcctcd with the active DNA insert of phage DR 11 as
described by Gros et ai (20, 21). Cells of LR73 and
LR73/DOX were cultured in RPMI 164(1(with 2IHI
nM DOX. concerning LR73-DOX) at 37Â°Cin 5%
CUT atmosphere, as described in "Materials and
Methods." The same features as in K562/DOX

(compare Figs. I and 2) appear in LR73/DOX
spectra.

Doxorubicin-sensitive LR73 vs Doxorubicm-resistant LR73

1500 1000 500
Wovenumber (cm-1)

to antiparallel ÃŸ-shectaccording to Rigas et al. (9) and Rigas and
Wong (12). The band at 1659 cnr ' (the peak maximum of the amide

I bands in our spectra) can be attributed to a-helix structure in

prokaryote cells, according to Rigas and Wong (12). Surewicz and
Manisch (15) assume that a-helical segments in proteins exhibit a
component "centered between approximately 1650 and 1658 cm"1";
this assertion may equally lead to assigning the band at 1659 cm"1 to

a-helix structure. On the contrary, Byler and Susi (24) give a maxi
mum absolute value of 1657 cm"' for a-helix structure, and assign to
turns and bends a value of 1663 Â±4 cm"1. The latter value may lead
to assigning the band at 1659 cm"' to turns and bends. The component
at 1645 cm"1 can be attributed to random coil in proteins (Ref. 15 and
Refs. 41 and 45 therein; Ref. 24). The component at 1634 cm"1 has

been assigned to ÃŸ-strandsby many authors (12,15, 23, 24, 26-28 and
references therein) and to "extended chains low-components" by By

ler and Susi (24), while Rigas and Wong (12) attribute this wave
number to parallel ÃŸ-sheet.

Regarding the deconvolved amide II band, the peak centered at
1545 cm"1 can be assigned to a-helix structure in proteins (Ref 11 and
references therein), whereas the component located at 1532 cm"1 has

not yet been assigned with certainty. All the above tentative assign
ments may seem to be controversial.

Nevertheless, Table 1 attempts to summarize the above data; in
proteins, the bands at 1690, 1676, 1659, 1645, 1634, 1545, and 1532
cm"1 can tentatively be attributed to turns, antiparallel ÃŸ-sheet,a-he

lix or less presumably turns, random coil, parallel ÃŸ-sheet,a-helix and
"still undefined" structures, respectively. For deeper insight of our

MDR cell models, a quantitative estimation of the changes in second
ary protein structure was undertaken by means of a curvefit procedure.

Curve-fitted Spectra of K562 and LR73 Cell Lines. The curve-

fitted amide I bands of K562 and K562/DOX spectra are displayed in
Figs. 5 and 6. The continuous traces show the experimental amide I
bands of K562 and K562/DOX cell lines. The curve-fitted amide I

bands correspond to the dotted traces. Concerning the amide I bands
of the K562 and K562/DOX cell lines, the results clearly exhibit, in
the spectra of the resistant cells (K562/DOX), a significant increase in
integrated intensity of a component centered at 1690 cm"1. The area

of this component is multiplied by approximately 5-fold in K562/

DOX. Parallel to this, in the resistant sublines as well, a second band
located at 1676 cm"1 is decreased in integrated intensity. The band

Fig. 3. Deconvolved amide 1 and II bands of
K562 and K562/DOX. respectively. Continuous
trace, K562; Â¡lottedtrace, K562/DOX. The aim of
dcconvolulion is to point out the components re
sponsible lor the features of the amide I and II bands
characterizing K5h2/DOX (intensity decreases and
shoulder). In addition, deconvolution shows the
component located at 1532 cm"', mainly contribut

ing to the shift of the amide II band of K562/DOX.

DOX-sensitive K562 vs DOX-resistant K562

1700 1600 1500
Wavenumber (cmâ€”1)
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MULTIDRUG RESISTANCE [N CELLS FROM FT-IR SPECTROSCOPY

Fig. 4. Deconvolved amide I and II hands of
LR73 and LR73/DOX, respectively. Continuous
trace, LR73; dotted trace, LR73/DOX. Deconvolu-

tion reveals the same components as in K562/DOX.
being responsible for the (a) shoulder in amide I
band; (b) amide I and II intensity decreases; (c)
amide II wavenumber shift of LR73/DOX.

D

D

0-

Continuous: sensitive

Dotted: resistant

DOX-sensitive LR73 vs DOX-resistant LR73

Deconvolved amide I & II bands

1700 1600 1500
Wavenumber (cm-1)

Table I Tentative assignments of different components revealed by Fourier
self-deconvolution of the amide 1 and II banda of doxorubicin-sensitive and -resistant

K562 and LR73 cell lines

These assignments refer only to proteins.

Wavenumber
(cm"')1690167616591645163415451532TentativeassignmentTurnsAntiparallel

ÃŸ-sheeta-helix
(or less presumablyturns)Random

coilParallel
ÃŸ-sheeta-helixStill

undefined structureReferences15,

23,249,
12,1512,

15,2415,2412,

15, 23, 24,26-2811

area of the latter component is divided by a factor equal to about 1.6
in K562/DOX. In addition, other alterations in integrated intensities
can be observed in the amide I bands of the K562/DOX spectra. An
increase in the integrated intensity of the component centered at 1645
cm"1 can be observed on the spectra of K562/DOX. The band area of

this component is multiplied by approximately 1.4-fold in K562/

DOX. Much more significant is the area diminution of the component
centered at 1634 cm"'. The area of this component is divided by a

factor of about 3 in K562/DOX. The meaning of the fits regarding
K562 and K562/DOX is indicated by the values of the x1, equal to

0.0003 and 0.0078, respectively. The curve fittings performed on
LR73 and LR73/DOX spectra give exactly the same kind of results
relative to band area variations as those displayed by K562/DOX
versus K562. It must be emphasized that all our curve fittings were
performed by always using the single set of Gaussian curves, located
at wavenumbers exactly matching those of the components revealed
by deconvolution.

Summarized in terms of secondary protein structure changes, the
above results can be analyzed as follows: in the resistant sublines, an
increase of both of the components assigned to turns and to random
coil structure is counterbalanced by a decrease of a component as
signed to antiparallel ÃŸ-sheetsand a much more important decrease of
a component assigned to parallel ÃŸ-sheets.These alterations, as a

whole, represent a constant feature of the K562/DOX and LR73/DOX
spectra. The protein conformational changes detected in our resistant

Fig. 5. Curve fitting of the amide I band of K5ft2
cell suhline performed by means of a set of six
Gaussian curves, the fixed characteristics of which
directly resulting from data provided by deconvo
lution. Continuous trace, experimental amide I
band of K562; doited trace, curve-fitted amide I

band of K562. Gaussian curves are plotted below
the traces of the amide I bands. The value of the %-

test, performed by curvcfit software function, after
curve fitting on K562-amide I band, is 0.0003.

â€¢¿�1- Continuous: original amide I band

Dotted: curve-fitted amide I bond

S 2-

1700 1650
Wavenumber (cmâ€”1)

1600
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Fig. 6. Curve fitting of the amide I band of
K562/DOX cell suhlinc performed by means of the
same set of Gaussian curves as on Fig. 5. Contin
uous trace, experimental amide I band of K562/
DOX; dotted trace, curve-fitted amide I band of
K562/DOX. Gaussian curves are plotted below the
traces of the amide I hand. The value of the x2 is

0.0078. Comparison between Figs. 5 and 6 shows
the diminution of two components, located at 167o
cm~' and 1634 cm~', that may be assigned to an-

tiparallel and parallel ÃŸsheets, respectively.

a .2-

Continuous: oriqinol amide I bond

Dotted: curve-fitted amide I band

Resistant DOX-K562

1700 1650
Wavenumber (cm-1)

1600

cells are noteworthy. They need to be compared with the available
data on the proteins involved in the MDR phenomenon.

DISCUSSION

Our study demonstrates that two different DOX-resistant cell lines,
K562/DOX and LR73/DOX, surprisingly share features in their FT-IR

spectra. This is unexpected because the spectra of the sensitive K562
and LR73 cell lines are widely different.

On the other hand, the deconvolution and curve-fitting steps have

allowed us to assert that the features displayed in common in the
undeconvolved spectra lie on the same basis: the FT-IR spectral
changes exhibited by both the K562/DOX and the LR73/DOX sub-

lines imply the same underlying band variations. Our cell lines were
investigated for 8 months at the rate of 2 or 3 experiments a week.
This has allowed us to ascertain that the spectral modifications char
acteristic of the DOX-resistant phenotype were reproducible.

It is now established that the K562/DOX cell subline expresses, on
the cell surface, three distinct glycoproteins, one of them having a
relative molecular mass of 180,000. On the other hand, Kartner et al.
(29), using monoclonal antibodies against P-gp of plasma membranes
were able to detect P-glycoprotein in multidrug-resistant tumor cell

lines. Eventually, Rato et al. (30) have recently evidenced, by Western
blot analysis, the presence of P-gp in the membranes of K562/DOX

obtained at a 200 nMdoxorubicin concentration. They also studied less
resistant K562/DOX cell lines selected after exposure to a doxorubicin
concentration of only 80 HM:only small amounts of a M, 230,000
protein were found. Therefore, it is more than likely that the glyco-
protein evidenced by Tsuruo et al. (18) and Sugimoto and Tsuruo (19)
and the P-gp detected by Kato are one single protein: namely, P-gp.

Concerning the LR73/DOX cell subline, this variant is produced by
stable transfection with the single member mdr\ gene (20, 21). It has
been demonstrated by Hammond et al. (31), and others (Ref. 32 and
references therein), in gene-transfer experiments with cultured cells,
that overexpression of the mdr\ gene-directly causes multidrug resis
tance, through the expression of P-gp. This multidrug resistance might
involve an active drug efflux mechanism (33). P-gp has been recently
shown to be capable of binding an ATP analogue (34) and to possess
ATPase activity (35). In addition, Raviv et al. (36) have shown that
P-gp was the major frans-membrane protein in the resistant cells. All

these data lead us to assert that it is likely that our resistant K562/DOX

and LR73/DOX cell lines, through P-gp overexpression, are not only

DOX resistant but display a typical MDR phenotype.
In other respects, it is well known that, in FT-IR spectroscopy, the

peak maximum of the amide I band is sensitive to the secondary
structure of proteins (37, 38). Besides, the spectra of K562/DOX (i.e.,
MDR-K562) and LR73/DOX (i.e., MDR-LR73) cell lines display

similar features, contrary to the spectra of the sensitive lines. Further
more, the modifications depicted in the spectra of both the multidrug-
resistant K562/DOX and the multidrug-resistant LR73/DOX cell sub-

lines, are located at the very same wavenumbers, correct to the first
decimal place, and vary in the same direction and to the same extent
for a given component. The latter two data imply: (a) either the
existence of conformational changes involving a single protein, (b) or
the existence of several proteins undergoing a precise conformational
change, e.g., a decrease in ÃŸ-sheetstructures.

Further studies were carried out with 2 other lines, CEM and Friend
cell lines. GEM/VLB,,*, selected with vinblastine (39) is known to be
MDR and to overexpress P-gp (40). Friend/ADR7N is considered as
being a typical MDR subline, too (41). FT-IR spectra of GEM/VLB,,Â«,

and Friend/ADR7â€ždisplay the same features as spectra of K562/DOX
and LR73/DOX (data not shown). We also tested a J82 line selected
for navelbinc (J82/NVB) (42). This subline was characterized in 1991.
It was then shown that the resistant J82/NVB did not express P-gp

(43). Moreover, further studies carried out in 1993 in our laboratory by
Debal et al. using growth inhibition assays, intracellular accumulation
and efflux studies of drugs by high-performance liquid chromatogra-
phy,4 strengthened the evidence that J82/NVB is not MDR. Compar

ison between spectra of J82 and J82/NVB shows a completely differ
ent "behavior" of J82/NVB cells. Indeed, spectra of J82/NVB exhibit

substantial increases in the intensities of the amide I and II bands. In
addition, the profile of the J82/NVB amide I bands are different from
the profile of the same bands in the other MDR cells. On the contrary,
the findings concerning CEM and Friend are compatible with the
features displayed by the K562 and LR73 lines. Altogether, it is not
wrong to hypothesize that the changes revealed by the spectra of our
MDR-cell lines are connected with a phenomenon occurring with the

expression of the MDR phenotype, through a single protein. More
precisely, these spectral modifications may be related to a given
conformational change undergone by a single protein present in both

4 Manuscript in preparation.
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our resistant cell lines. The similar features exhibited by K562, LR73,
CEM, and Friend when they display the MDR phenotype may not be
pure coincidence.

In summary, FT-IR spectroscopy, with the simple technique of cell

smear, has been potent enough to allow the characterization between
sensitive and multidrug-resistant phenotypes in two different cell

lines, K562 and LR73. This method of analysis has proved sensitive
enough to distinguish between these phenotypes even in double-blind
studies. Furthermore, the analysis of FT-IR spectra with computa
tional treatment including "resolution enhancement" and curve-fitting
techniques has allowed us to begin probing the conformation'al

changes of the cell constituents involved in the expression of the MDR
phenotype. A same conformational change seems to occur in (or
through) a protein present in cells when the MDR phenotype is
expressed.
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