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Th e sensit ivity and selectivity of U V -excited reson ance R am an spec-

troscopy indica te th at this techn iqu e m ay be usefu l in stud ying cer-

tain bioch em ical changes in cells, esp ecially changes in D N A that

occur d uring th e developm en t of cancer. To determ ine w hether this

techn iqu e can dist ingu ish n orm al from m alignan t cells, w e h ave

m easured U V resonan ce R am an spectra at 257.26 n m excitat ion of

su sp ensions of norm a l an d m align ant cu ltured breast and cervical

cells. Sam ples w ere excited w ith the u se of an intracav ity d oubled

argon-ion laser, and the sp ectra w ere recorded w ith a sin gle grating

sp ectrograph and a liqu id nitrogen-cooled charge-cou pled device.

Cell sp ectra obtained closely resem b led th at of D N A , w ith p eaks

around 1330, 1480, and 1580 cm 2 1, d ue to the nu cleotid e b ases. In

addition to these, th e uracil b ase in R N A p rovides a p eak at 1230

cm 2 1. S tron g tryptophan and tyrosine contribution s appear in the

1520 ± 1670 cm 2 1 range. Th e ratios of R am an sp ectral p eaks 1480/

1614 cm 2 1 and 1480/1540 cm 2 1 , w hich are sensit ive to the con cen-

tration of nu cleic acids relat ive to cell p rotein s, w ere fou nd to be

high er in m alignan t cells than in norm al cells. N orm al and m alig-

nant cells could also be d ifferen tia ted by using the ra tio at 1330 /

1480 cm 2 1 . Th is difference m ay b e the resu lt o f decreased hyp o-

chrom ism d ue to ch anges in stacking of th e purine bases. Changes

in relat ive am ou nts of R N A m ay also con tribute to th is ratio. Th e

results o f th is pilot stud y indica te that th ere m ay be signi ® cant dif-

ferences in the U V resonan ce R am an spectra of norm al and can-

cerou s cells. These differences m ay be related to chan ges in n ucle-

otid e/protein concentrations in the cell, as w ell as ch anges in the

vibrationa l stru cture o f the nu cleic acids asso ciated w ith the m alig-

nant cell p heno typ e.

Index H eadings: U V reson ance R am an spectroscop y; Cu ltured cells;

Breast can cer; Cervical cancer.

IN T R O D U CT IO N

R am an spectroscopy is increasing ly being applied as a

too l in understanding and d iagnosing d isease. R ecent re-

view s sum m arize its app lication in the h istochem ical

analysis o f b io log ical tissues 1 and in the detection o f can-

cers and precancers. 2 W hen the R am an excitation w ave-

leng th corresponds to an abso rp tion peak of a chem ical

group of in terest, the Ram an scatter ing from that g roup

is enhanced by several o rders of m agnitude. T h is reso -

nance enhancem ent adds increased sensitivity and selec-

tiv ity to Ram an spectroscopy.

In bio log ical sam ples, excitation in the ultrav io let

range from 200 to 260 nm selectively enhances the R a-

m an signal from arom atic am ino acids and the purine and

pyrim idine bases o f nucleic acids and pro teins. U V res-

onance R am an spectroscopy (U V R R S) has been used ex-
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tensively to probe the structure o f these m olecu les 3 and

their in teraction w ith o ther com pounds. U V R R S has been

found to be sensitive to changes in the nucleo tide base

conform ation, hydrogen-bond ing state , and base stack ing

in po lynucleo tides 4 and D N A .5 For exam ple, in the po ly-

nucleotide po ly (A ±T ), b ind ing of the h istone pro tein

SP K K resu lts in decreased hypochrom ism , i.e., increased

U V R R S in tensity o f aden ine peaks w ith respect to thy -

m ine peaks. T here is also a change in the ratio s o f in ten-

sities o f aden ine peaks; speci ® cally, the ratio of peaks at

1336/1481 cm 2 1 increases on b inding SP K K . 4

T he sensitiv ity and selectiv ity of U V R RS ind icate that

th is technique m ay be useful in study ing changes in cell

biochem istr y, especially changes in D N A , associated

w ith precancerous cond itions and the developm en t o f

cancer. Fo r exam ple, it has been found that there is an

increase in the presence o f O H -adducts to the D N A pu-

rine bases in p recancerous and cancerous breast tissue,

m easu red by using m ass spectrom etr y. 6 D etecting and

tracking the p resence o f this and o ther D N A adducts m ay

be a usefu l m arker fo r investigating cancer p rog ression

and for evaluating the success o f treatm en t. 6,7 IR absorp -

tion spectroscopy is also sensitive to the these changes. 6

H ow ever, because o f interference w ith w ater abso rp tion ,

the D N A m ust be carefu lly ex tracted from the cells to be

exam ined and dried before IR spectra can be reco rded .

U V R R S, on the other hand , th rough selective enhance-

m en t, iso lates nucleic acids op tically. T h is factor m ay

perm it the reco rd ing of U V R R spectra o f nucleic acids

directly from suspensions o f w ho le cells, elim inating the

need to isolate them chem ically. T hus U V RR S m ay be

usefu l as a rapid and relatively sim p ler m ethod to m onito r

D N A adducts and o ther p recancerous changes in cells.

U V R R S of w ho le cells, ® r st repo rted in 1983 , revealed

that the U V R RS of a m onkey k idney cell line at 257 nm

excitation w as very sim ilar to that o f D N A .8 Several stud-

ies exp lo red the use o f U V R R S for bacterial taxonom y 9,1 0

and m onitor ing an tibio tic ef ® cacy.11 T hese w ere recently

rev iew ed .12 I t w as found that U V RR spectra o f bacteria

at w avelengths from 200 to 231 nm w ere con tribu ted to

m ostly by arom atic am ino acids, such as ty rosine and

tr yp tophan , and at 242 nm and 251 nm by the nucleic

acids. W ith 242 nm excitation , the ratio o f nucleo tide

peaks at 1530 cm 2 1 , due to cy tosine, and 1485 cm 2 1, due

prim arily to guan idine and aden ine, w as found to corre-

late w ith the A ±T /G ±C ratio in the cells. T he ratio o f

peaks at 1485 or 1575 cm 2 1 due to nucleic acids, and at

1616 cm 2 1 due to p rotein arom atic am ino acids, w as
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F IG . 1 . E xperim ental setup used to record U V RR sp ectra.

found to be sensitive to g row th phase, w ith increased

nucleic acid peak in tensity relative to pro tein peaks w hen

the cell cultu res w ere in the log grow th phase com pared

to the stationar y phase. R atio s o f p rotein peaks, such as

1556 /1616 cm 2 1 , and ratio s of nucleic acid peaks, w ere

found to be relatively independen t o f m edia and grow th -

phase facto rs.

W ith the use o f con tinuous-w ave (C W ) excitation and

m ore sensitive detecto rs, attem pts have been m ade to

coup le U V R RS w ith m icroscopy to ob tain sing le-cell

spectra. S pectra have been ob tained from a group of 20 ±

50 bacter ia cells in phosphate bu ffer so lution (P B S) on a

m icroscope slide w ith 257 nm excitation . 13 T he spectra

w ere iden tical to those o f bacter ia in bu lk sam ples.

U V R R S has also been used to ob tain spectra in vivo from

the D N A of a single cu ltu red hum an m am m ary cell,14

also at 257 nm .

We have developed a U V R RS instrum en t that com -

b ines a C W laser sou rce and a h igh ly ef ® c ien t co llection

and detection system to character ize the U V R R S of nor-

m al and m alignan t hum an ep ithelial cell suspensions. We

presen t the U V resonance R am an spectra at 257 nm ex-

citation o f norm al and m alignan t cultu red b reast and cer-

v ical cells. We have iden ti ® ed speci ® c ratio s o f nucleic

acid peaks and pro tein peaks that d iffer sign i ® can tly be-

tw een norm al and m alignant cells. T he clearest d iffer-

ences are the increased nucleo tide-to -pro tein U V R R S ra-

tio in m alignan t cells. A m ore sub tle change obser ved is

the increase in the U V RR S in tensity in m alignan t cells

o f the purine peak at 1330 cm 2 1 w ith respect to overall

nucleo tides present, possib ly due to changes in base-

stacking of the purine bases. T hese resu lts ind icate that

U V R R S of w hole cell suspensions m ay be a usefu l too l

in the study and m on itor ing of changes in cells associated

w ith cancer.

M ET H O D S

S am p les. B reast epithelial cell suspensions w ere p ro -

v ided by the labo rato r y of Pro fesso r K im berly K line at

the U niversity o f Texas at A ustin . C ell lines used w ere

M D A -M B 435 (late-stage m alignancy) , M C F-7 M cG uire

(ear ly -stage m alignancy) , and M C F-10A (nonm alignan t

im m ortalized cells).

N orm al cer vical cells (C rE c-E c 4665) w ere from pri-

m ar y cultu red norm al cer v ical ep ithelium (m ixed squa-

m ous and co lum nar cells) and w ere obtained from C lo-

netics C orporation . C ells w ere sh ipped in m edia at room

tem peratu re and then rep lated and grow n in the labo ra-

tor y o f P ro fessor R euben L o tan at the U niversity o f Texas

M . D . A nderson C ancer C enter in H ouston . C erv ical can-

cer cells w ere S iH a and H eL a cell lines orig inally ob -

tained from the A m erican Type C ell C o llection and m ain-

tained in the above labo rato r y. S pectra w ere reco rded

from tw o sam ples o f M D A -M B 435 cells, th ree sam ples

o f M C F-7 M cG uire cells, tw o sam ples o f M CF -10A

cells, one sam ple o f C rE c-E c 4665 cells, one sam ple o f

S iH a cells, and one sam ple of H eL a cells.

C ells w ere har vested by tr ypsin ization and w ashed

three tim es in PB S and resuspended in PB S at concen -

trations o f 2±6 3 10 6 /m L . A ll cell sam ples w ere har vested

w hile in the logarithm ic phase of g row th . Cells w ere test-

ed fo r v iability befo re U V R R spectra w ere reco rded by

using the tr ypan blue exclusion test. Viab ility o f sam ples

w as 80% on average, m easu red im m ed iately befo re each

scan . Viability w as m easu red on a test sam ple as a func-

tion of tim e after resuspension in PB S and as a function

o f U V exposu re tim e and in tensity, and no change in

v iab ility w as observed at the lim its used in th is study.

S pectra w ere reco rded w ith in 2±5 h after harvesting .

N ucleo tides and am ino acids w ere ob tained from Sig -

m a-A ldrich C orporation , and suspensions w ere m ade in

P BS and sto red at room tem peratu re. S am ple concen tra-

tions w ere 2 .5 m g/m L for calf thym us D N A , 15 m M for

tr yp tophan, and 45 m M for tyrosine, and 14.2 m M for

dU M P.

In strum en ta tion . T he experim ental setup is show n in

F ig . 1 . T he excitation source is a FR eD 300 A r 1 laser

(Coheren t C orporation ) w ith an in tercav ity beta barium

borate (B BO ) doub ling cr ystal. T he excitation pow er at

the sam ple w as 4 ±5 m W. E xposure tim e w as 20 m in fo r

fou r sam ples (tw o breast no rm als, tw o breast early -stage)

and 10 m in fo r the other sam ples. T he excitation beam

spot w as focused on the sam ple w ith a 60 m m fu ll w id th

at half-m axim um (F W H M ) beam diam eter. Sam ples w ere

held in a 1 3 1 cm fused -silica cuvette . In a step to avo id

R am an scatter ing and ¯ uo rescence from the quartz cu -

vette , a sm all ho le approx im ately 1.5 m m in diam eter w as

m ade in the cuvette w all to create a w indow th rough

w hich the spectra w ere recorded . T he ho le w as sm all

enough fo r the sam ple to be held in the cuvette by hy-

d rostatic fo rces. Sam ples w ere stirred w ith a m agnetic

m icro-stirrer at 900 rpm .

S cattered light w as collected and co llim ated by using

a re¯ ecting ob jective w ith an effective num erical aperture

(N A ) of 0 .5 (E aling E lectro-O ptics). A second fused -sil-

ica lens w as used to focus the collected light on to the

en trance slit o f a 500 m m spectrog raph (C hrom ex C orp )

w ith an aperture ratio o f f /8 .0 . A 2400 groove/m m grat-

ing and 50 m m slit w ere used , resu lting in a spectral res-

o lu tion o f 13 cm 2 1 at 257 nm . T he detector used w as a

liqu id n itrogen -coo led charge-coup led device (C C D ) w ith

U V-enhanced coating (P rinceton Instrum en ts). Raleigh

scatter ing from the sam ple w as b locked w ith an op tical

density (O D ) greater than 3 w ith the use of custom di-

electr ic ® lters (B arr A ssociates) , w h ich allow ed transm is-

sion of m ore than 50% in the range of 600 to 2000 cm 2 1.

S ign a l P rocessing . S pectra fo r all sam ples w ere ® rst

m ed ian ® ltered ( ® lter w idth 5 7 cm 2 1) to rem ove narrow -
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F IG . 2 . U V RR spectra of cells and cell con sti tuents. Sym bols: Cells

(early-stage m alignant breast cells), Tyr (tyrosine) , Trp ( tryptophan), dU

(deoxyribou ridine m onophosphate), P BS (phosp hate buffer so lution).

F IG . 4 . Ratio of U V RRS peaks at 1480/1614 cm 2 1 . Sym bo ls: (o ) nor-

m al breast or cer vical cells; (x ) ear ly-stage m alignant b reast cells; ( * )

late-stage m alignant breast cells or cer vical cancer cells. Vertically

aligned sym bols represent repeat m easurem ents of the sam e sam ple. The

® rst ( from the left) cer vical m alignant sam ple sym bol is fo r the SiHa

cells, and the second for the H eL a cells.

F IG . 5 . Ratio of U V RRS peaks at 1480/1540 cm 2 1 . Sym bols to the

left of the dotted line are for breast cell sam ples; those to the r ight are

for cer vical cell sam ples. Sym bols: sam e as those in F ig. 4.F IG . 3 . U V RR spectra of norm al and m alignant breast cells.

bandw id th ``cosm ic ray ’ ’ peaks. N ex t, very broad spectral

peaks and the baseline w ere rem oved by using an au to-

m ated rou tine that calcu lated and subtracted the m oving

average o f the m in im um value function of the spectra

w ith in a 140 cm 2 1 w indow. Wavenum ber calib ration w as

perfo rm ed by using a linear ® t to three know n peaks

(314, 459, 2249 cm 2 1) of a 1 :1 carbon tetrachlo ride/ace-

ton itr ile standard so lution. S pectra w ere then norm alized

to the peak at 1480 cm 2 1 .

R E S U L T S A N D D IS CU S SIO N

S pectra fo r a typ ical cell sam ple (early -stage breast

m alignan t) , D N A , dU M P, tr yptophan , tyrosine, and PB S

are show n in F ig . 2 . C ell spectra closely resem ble those

of D N A , in add ition to the uracil R N A peak at 1230

cm 2 1. Tr yptophan and tyrosine m ake strong contr ibu tions

in the 1520 ±1670 cm 2 1 range w ith peaks at 1614 cm 2 1 ,

and w eaker con tributions in the range of 1360 ±1420

cm 2 1. PB S exh ib its a strong broad -band w ater con tribu-

tion centered around 1630 cm 2 1 . T here are no peaks p re-

sent that are associated w ith fused silica, w hich has w eak

peaks around 1050 and 1180 cm 2 1 in add ition to stronger

peaks below 1000 cm 2 1.

Typ ical norm al and early -stage breast sam ple spectra

are show n in F ig . 3, both norm alized to the nucleo tide

peak at 1480 cm 2 1 . W ith respect to this peak , the norm al

cell spectrum is m ore in tense in the 1500 ±1700 cm 2 1

range and in the 1330 ±1440 cm 2 1 range. T he m alignan t

spectrum is g reater around the 1330 cm 2 1 peak .

A p lo t o f the ratio of the h ighest nucleo tide peak and

the highest pro tein peak , 1480 /1614 cm 2 1, is show n fo r

all sam ples in F ig . 4. A ll m alignant sam ples show ed a

higher value of this ratio than the norm al sam ples. T he

ratio at 1480 /1540 cm 2 1 is show n in F ig . 5 . In the reg ion

around 1540 cm 2 1, nucleo tide con tributions are ver y low,

w h ile there is no ticeab le p ro tein contr ibu tion ; thus th is

ratio represents ano ther m easu re o f nucleo tide to pro tein

concentrations. T h is ratio also show s a clear increase in

m alignan t cells.

T he U V R R S peak ratio at 1330/1480 cm 2 1 is plo tted

in F ig . 6 . T h is ratio is know n to be sensitive to changes

in nucleotide base stack ing. 4 For the b reast cells, th is ratio
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F IG . 6 . Ratio of U V RRS peaks at 1330/1480 cm 2 1. Sym bols: sam e as

those in Fig. 4.

show ed a clear increase in m alignan t cells over nonm a-

lignan t cells. T his trend , to a lesser ex tent, w as also pre-

sen t in the cer v ical cell sam ples. T he 1480 /1614 cm 2 1

and 1480/1540 cm 2 1 ratios indicate an increase in the

nucleic acid- to -p ro tein ratio, as expected in m alignan t

cells. 15 T he peak at 1614 cm 2 1 is m ostly due to tryp to-

phan and ty rosine, but there is also som e con tribution

from the nucleo tides, especially uracil. T he 1540 cm 2 1

region, on the other hand , is alm ost en tirely due to p ro-

teins. T his resu lt m ay exp lain w hy the latter ratio show ed

a m ore clear d ifferen tiation betw een norm al and m alig-

nant cells.

T he U V R R S peak ratio at 1330 /1480 cm 2 1 in F ig. 6

show s an increase in m alignan t b reast cells. T he trend

w ith this ratio w as also p resen t to a lesser ex ten t in the

cerv ical cell sam ples. T he purine bases, aden ine and gua-

n ine, con tribu te m ostly to bo th peaks, w ith ver y little

contr ibu tions from the pyrim idines at this excitation

w avelength (data no t show n). D ecreased base stacking of

the aden ine nucleo tide has been show n to increase the

intensity o f U V R RS peaks o f th is base overall, due to

decreased hypochrom ism , and to increase the ratio o f in-

tensities at 1330 /1480 cm 2 1.4 H ow ever, the relationsh ip

o f the change in th is ratio to changes in nucleotides as-

sociated w ith m alignancy is not clear.

C O N C L U S IO N

D ifferences w ere obser ved betw een the U V R R spectra

o f nonm alignan t and m alignan t b reast cell lines w ith the

use o f 257 nm excitation. T he clearest differences are

consistent w ith an increase in the D N A /protein ratio in

m alignan t cells, as expected . A lso obser ved is a change

in the purine U V R R scatter ing consisten t w ith decreased

hypochrom ism due to changes in the base stack ing of the

purine bases. T hese changes w ere also obser ved in nor-

m al and m alignan t cer vical cells . T he resu lts o f this p ilot

study indicate the possib ility of the application o f

U V R R S in cy tolog ical screen ing for cancer, and as a too l

in m on itor ing the p resence o f changes in D N A and R N A

associated w ith increased cancer r isk . It shou ld be no ted

that, due to the sm all num ber o f sam ples used and the

ex ten t of differences found, these conclusions m ust be

considered to be o f a p relim inary nature. Fu rther studies

that inco rpo rate add itional sam ples and o ther excitation

w avelengths are needed . T he 240 ±245 nm excitation

range is o f particu lar in terest. A lso, an exam ination of a

w ider spectral range, from 200 to 3500 cm 2 1 , m ay pro-

v ide fu rther insigh t.
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