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The Raman and FTIR spectra of a munne IgG2a monoclonal anlibody molcculc in anhydrous state and in aqueous solutions of H:zQ and
020 are reponed. The secondary structural characteristics have beco investigatcd and have lleco established from absorption measuremenls
in Ihe amide 1. l' and 11.Ir frequency range. In an anhydrous slate. in accordancc wilh prcvious studies 00 irnmunoglobulins. lhe secondary
slruclUres is predominantly of lhe ¡j-ShCCltypc. Data ohtained in diffcrcnt polar media (KBr. H20, D10) re\'eal that IgG2a is a highly flexible
protein. In pure H20 and D20 a rapid solvarion of free pcptidc units Decurs.
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Se presentan en este trabajo espectros Raman y FTIR de un anticuerpo monoclonal IgG2a en el estado anhidro y en soluciones de H20
y D20. Las características de la estructura secundaria fucron investigadas y cstablecidas a partir de medidas de absorción en la región de
las frecuencias de las vibraciones amida l. I' Y 11.11'. En el estado anhidro, de acuerdo con estudios anteriores sobre inmunoglobulinas, la
estructura secundaria predominante es del tipo tJ-shcct. Los datos obtenidos cn difcrentes medios polares (KBr. U20, D10) revelan que la
IgG2a es una proteína muy flexiblc. En IhO y D20 pura, ocurre una rápida solvataci6n de lo~ gruJX)Spcptídicos libres.

Descriptores: Inmunoglobulina: absorción infraroja; Raman

PAes, 87.l5.By; 78.30.-j

J. Introduction

A knowledgc ol' protein conformation has heen one of the
major amhitions since lhe importance of a structure-fllnction
relationship was postulatcd. An investigation of the struclurc
properlics ol' prolein should contribute to lhe undcrstanding
uf lhcir activilies in silU. For many years now, Raman ami
infrarcd speclroscopies have heen used to study Ihe confor-
malion ol' proteins in various forms. Conformalional changcs
due lo denaturation, chemical modil1cations. Iyophilization
and erystallization can be analyzed by Ihese leehniques.
The structure al' various immunoglohulins moleculcs antl
anlibody-anligcn precipilates has bcen analyzcd in the rnid
sevenlies hy Painler and Koenig [1) and laler hy Pezolct et
al. [2]. Thc rcslIlts ¡ndieate lhat lhe predominanl struclurc in
several immunoglobulins such as human IgG. IgM and rahbil
IgG is the antiparalJel ¡J-sheel.

More recen ti y the human monoclonal immunoglobulins;
IgM-k MeE, IgG-k Ger, IgM-k \VSm and IgG-1 Gui have also
hecn analyzcd hy Raman spectroscopy. Thc ohtainctl spcctra
show lhat 311these immllnoglobulins have similar secondary
slruelures predominantly 01' Ihe ¡J-sheet Iype [3J. The vari-
aus amitlc l. 11and III modes corresponding lo lhe secondary
struclurc thal a protein may adopto i.e. o-helix. parallel and
antiparalJel ¡J-pleated sheets, random eoils, lums, and those
resulting from Ihe direct interactions hctwecn pcplide unils
antl solvcnts are largcly ovcrlapping. Morcovcr. ami no acid
side-chain absorptions may also contributc. Amidc 1, 11antl
JJI have relatively strong inftared absorplion. The amide 1I
hand is generally not observcd in Raman scattering, or is very

weak whcn il exists; in contrasto lhe amide 1 and III bands
llave strong Raman intensily [4].

1mmunoglohulin G (or -y-globulin) 19G is Ihe most im-
porlant serum anlibody (hlood protein Ihat plays an important
role in the defensc against infections). It rccognizes and neu-
lralizcs forcign intruJcrs Iikc hacleria. viruses, and fungi. The
immunoglohulin IgG2a is eomposed 01' Iwo heavy (11)ehains
and Iwu light (l.) ehains as seen on Fig. 1. The heavy ehain
consisls of ahour 420 amino acid rcsiducs and lhe Iight
ehain ahuul 210. Thcse ehains are Iinked by disulfide (-S-
S-) hridges lo from a somewhal llallened Y shape [5,6], It
is Ihese Y arms that altach to ¡nlruders, sincc antigen binding
sitcs are situalcd on these arms. In the present work a murinc
IgG2a Illonoclonal antihody molecule has been investigated
hy Raman scattcring and infrared absorplion spectroscopies
in lhe solid slalc and in aqueous solutions of H20 and D20.
\Ve find similar resulls lo those teported previously hy other
aUlhors in c10scly rclated samplcs.

2. Expcrimcntal

Thc prcparalion of antibody is described in dclail else-
where [71. IgG2a monoelonal antibody was obtained by fu-
sion 01' immune spleen eells and IIG-PRT myeloma eells
from Balb/e miee. IgG2a samples for FfIR in solid state was
made by mixing dialyzed and Iyophilized powdet in KBr pel-
Icts. Por lhe InfrareJ study in lhe aqueous sollltions the op-
lieal path length was 01' 7 mm for H20 and 25"m for D20.
The spectra were recorded within 5 min after the addition of
Ihe neulral solvenl and did not show any changes after this
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Fl(;URE l. a) flighly simpliflcd vicw of the irnmunoglohuJin
1l1olc(ulc IgG. Takcll fmm 14). h) Schcmatic represcmation 01' IgG.
1\ is (omposcu 01' 2 hcavy (11) chains and 21ight (L) chains. Thcsc
d;lins :lfl: Jinkcd disullidc hridge lo form a Y shapc. Takcll from
Rol. 7.

(ime. Thc spcctra 01' Ihe solvents weTe subtractcd from lhe
spl'clra 01' Ihe solution in ordcr to oblain a straighl line from
IX(Xl to J 200 (111-1. FTIR spCClra \VeTe recurded on a Nico-
lel 5DX FTlR spcclromctcr cquippcd with a globar sourcc
and a TGS (Iriglycinc sulfate) detector. In arder lo climinatc
Ihe spcclral contrihutions of lhe atmosphcric water vapor and
('arnon dioxidc. lhe instrurncnt was purgcd \Vilh dfY aiT. FuI'
cach spcclfUm. 40 intcrfcrograms al 4 cm-l resolution \Vere
collccled, co-added, apodized with a Happ-Genzel function
and Fouricr transftlflned.
The variolls amide 1, I' and 11, 11' modes correspond-

ing to lhe major conformalions lhal a protein may adopt
are largely ovcrlapping. Moreover amino-acid side-chain
ahsorp(inns may also contrihute lo these hands. To pro-
cess sllch cOlllplic:'lled dala the bands ohtained hetween
1300.....1H(}()cm-l inle,"val were decomposed directly in nine
Lon~ntl.i:lI1.Gaussians (\Vith 70% Gaussian) by means of a
least-squares fitting program (Axum 4.1 from Uniware) for
the snlid sl~lIe; 1\\l0 adjuslable paramelers (intensity, band-
widlh at half-height) \Verc considered fm each Lorentzian-
Gaussian. For Ihe solulions in walcr anJ deuteratcd W3-

Icr, Ihe Ilumher nf hands is eighl and seven, respeclively.
In aJl cases, Ihe frequcncy 01' the bands were takcn fmm a
second-dcrivalivc calculation of Ihe spectrum. The initial in-
tensilies and band\Vidth 01' e3ch ahsorbancc maximum 01' the
original spcclrum were chosen in order lo give lhe best ad-
jusllllenl. ami cach assay was visualized before calculatinn
\Vas initialiled. The percenlagcs corresponding to [he rela-
tive slIfface 01" e<l(,:hLorenuian-Gaussian \Vere determincd
in lhe Iwo frelJuency ranges, 1600--1700 cm-I and 1500-
1600 l'm-I, attrihuted In lhe amidc 1,r and lI, vllCOO- re-
gions respectivel)'. The remaining components helween 1500
ami 1400em-1 \Vere assigned to amide 11', l/sCOO- ami CII
tk:fonnalion. The various slruclurcs displayed in lhe amide
1, r region are supposed to have elose molar extinction eo-
dlicicnls 181. thcrcfore their fractional arcas are generall)'
l'ollsidercd as rcpresenlative of Ihe relative proportions 01' the
cOllfmmational slruelures aJopled hy a given prolein [9, 10].

Raman speelroscopy Illeasurements \Vere pcrformcd on
a Johin Yvon Ramanor HG2S spcclrometer. The excitalion
SOllfec \Vas lhe 514.5 I1Illline of a 20 I7 Spectra Physies Ar-
gon ion laser. The irradiation intensily was of Ihc order 01'
20 mW. AH the cxperiments were pcrformcd at room tempcr-
ature with dialyzed and Iyophilized samples and aqueous so-
lutions cnelosed inlo sealed 1 mm diametcr glass tubes. The
sealtcring ¡¡ghl, delccled al righl angle from the incident ¡ight,
was collcclcd on Ihe pholoealhod of a cooled pholomuliiplier
and amplitied by a dc operalional amplifier. It is importanl lo
note that during lhe Raman spectroscopy rneasurements Ihe
samples cxhihiled a strong luminescence which decays undcr
lascr irradi<llion. This elTect has been described by Paintcr
ami Moshcr 1111. The sílmples werc thus left under irradia-
!ion for a few hOllfSprior to slart the Raman measurcl11enls.

3. RcslIlts ami disclIssion

The cffect 01" protein solvalion pro ve lo he rather complex.
A close examination 01" Ihe amide 1, l' and II, 11' modes re-
ported in the litcrature antl Iheir correlation lo a givcn struc-
(tire or interaclions appear of inlercst. Tahlc la summarilcs
the tlilTerenl amidc 1, l' and amide 11frequency ranges Ihat
have bcen associalcd \\-'iththe well-known protein-secondary
struclures. The frequcncics 01" the amidc 1, l' and 11modes
relevanl 10 tlirecl in(cractions bctween peptidc units and sol-
vents are rcportcd in Tahle Ih. Thc I"rcquencies ohserved in
Ihe salllc range for the amino acid sidc-chains arc givcn in
Tahle le 18-261_
The amide I vihralional moJe is the in-plane peptide car-

honyl slrelching vihralion (ncarly 80%) [23J wilh a small
cOlltrihulion I"romlhe N-JI in-plane bending vihralion (10%)
ami e-N strelching (10%). Prom Tahle 1, it has becn assumed
thal ahsorptioll frequencies hctween 1660 and 1710 cm-I

are esscnlially related to non-hydrogen-honded amide C=O
groups involved in randolll eoils, turns, and ¡J-strands 12.1].
Thesc C=O groups will he rcferrcd as "frec" C=O groups.
Ahsorptions helween 1640 and 1670 cm-1 partially over-
Iap lhe former frequency range. They are a'isociatcd wilh
hydrogcn-honded peptidc unils in o-hclix. lurns. and ran-
dOI1lcoils 11-1,181, hUI are also relevaol lo C=O. --D,O or
C=O Na+ inleraclions [20,24J_ Amide I frequeneics
in Ihe 1626-1640 CI11-1 range are attributed lo parallcl 13-
shecIs 112, UI hut could as well he assigned to anliparal-
lel {i-slrands (1612-1640 CI1l-1) [IDj. Finally, lhe amide I
frcquencies of anliparallel :3-shecIs of ¡arge sizc, whieh in.
volves Illullislrands [181 as wcll as those associated wilh
C=O.,. (D:lOb inlcraclions [H, 18], are expccted helwecn
1(¡ IO ami 1635 CI1l-1. IJ has lo he added Ihal in reeenl
works sOllle I"calUfestille to 310 helices appear near 1640 and
1662 cm-1 [251 anJ that a small ahsorption under 1640crn-1

due lo distorted hclical slruelure was ohserveJ in sorne COIn-
pounds wilh (t-hclix slruclUfe 12Gl.
Inercased hydrogen honding dcercases the frequeney 01'

the :Imide I hand, When deulerated (amide 1'), lhe hydrogen
atom 01" Ihe peplidic groups can he exchanged with a deuteri-

Rel'. Ml'X. FÍJ. ~5 (5) (1991.)).tS9-465
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1480

1488
1464
1485-1464

amide 11'

164'()--1612(strong)

1699-1670 (wenk)
1642-1626
1654-1640
1696-1681turos

parallel jJ-plcated sheet

rnndom eoil

antiparallcl {j-pleated sheet

o-hclix

TAIlLA 1. Frequency at maximum absorbancc of the diffcrcnt amide band compollcnts in the 1700-1400 cm-1 frequency range.

frequcncy (cm 1)

amide 1 amide 11

(a) Protein sccomlary conformation

1657-1645 1550-1537 (strong)
1520-1510 (shnulder)
1530-1510 (strong)

1560-1555
1553-1530
1540-1530
1565-1530

1675-1655

apola:- solvcnt

(b) Pcptidc unit-solvcnt interaetions

1680-1665 1500(medium)
1515 (shoulJcr)

1418
1438

c=o O,o
C=O (020),
C=O N,,+

C=O (Na+, 0,0)

'" 1650
'" 1620
'" 1654
'" 1635

frequency (cm - I)

1714,1706
1584, 1567
t405
1648, t635
1608.1586
1515

1)". /I.,¡ N-C=N

11 skelclOll

assignmcnt

(e) Amino acid sidc-eh:tin absorption

vCo
lIuCOO-

/I •• COO-

IInCOCOrNO,)

D2N-C=NDj

COOO

COO-
Asp, G1u

Asp. Glu

Arg

Tyr

um. This hytlrogcn/deutcrium exchange should lcad to a Jc-
crease ofthe amidc I frequencies hy ahout 5 cm-I inJepent.
Iydcntly of any sol vatio n or structural changc compareu 10

H10 solution. in D10 solution. A shift of the amide I band-
lowarus lowcr frcqucncies and cxcceding 5 cm-l. or lowards
higher frequencics will renect in any ca~e a solvent elTcct 011
lhe peptidc groups. Amidc 1, l' bands can also o\'erlarred
hands relevant to dircct interactions betwcen sidc-chains and
solvenl (Table Ih).

The ¿¡mide 11 mode does not involvc the C=:::Ovibra-
tion 123,24), il is mainly composed 01' 400/0C-N strclch
and 60% N-H in.plane hendo This vihration is [oune bc-
tween 1550 and 1537 em-1 for o-h~lix conformation, he-
twcen IS30 and ISIO cm-I for antiparalk1 ¡J-pkated sheet,
belween 1553 and IS30 cm-1 for parallcl ¡J-plealed sheet,
hetwccn 1540 and 1530 cm-1 for random coils ami bctwcen
1565 and 1530 cm-1 for tUflIoS.Increased hydrogcn hond-
ing on the N-H group, incrcases the frcqucllcy ol' the am¡dc
11 h:md in contrast wilh lhe amide I hand. Thc amide H
hallll, in dcuteratcd water, shows an inlcnsity dccrca~e ana
a concomitant intensity inCTeaseof a band bctwccn 1460 ami

1480 cm-I (ami de U'). Contrihution of ionizcd amino acid
sidc-chains (Asp, Glu) may he significant in the amide II re-
gioll cspccially when th~ intensity 0'- this mode strongly dc-
creases in D10 solution (Tahle le).

The amide III is composed 01'300/0C-N strelch, and 400/0
N-H bend [281 and band is generally found bctwecn 1240
and 1300 cm-l. rt shows also a high frcC]uency shift whcn
the peptidc hond C=:::Ois involvcd in hydrogcn bonding. Thc
dculcrium cxchange rcaction also Icads to a sigr.¡ficant iso-
tupe cffcct 01' the amide 111haml because its major contribu-
lion origi~I:.I!Csfrom thc N-H benuing.

In samples conlaining a carboxylic group (COOH), a
strollg feature is ohscrved hetwccn 1650 aud 1750 CI11-1

lIue t~ Ihe C=O strctching vihration mode. If a carhoxylatc
COO- group exists t\\'o strong bands are observetl ncar 1600
and 1400 cm-1, assigned to the antisymmetrical and the sym-
Illetl'ica! COO- strelching rnodes, respectively [4].

By Raman scattcring [41, lhe amide I molle is gcncrally
fOllnu bctwccll 1645 and 1657 cm-1, 1665 and 1680 cm-1,
1(í62 and 1672 CII1-I, and, 1660 and 1665 cm-I for a-hclix,
/3.shcel, turns ¡¡mi r;:mdomcoils, respectivcly. Tlle amide II

Rel'. Me.\'. n,. 45 (5) (1999) 459-465
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TABLA 11. Inl"rarcd and Raman frcqucncies 01"IgG2a and thcir as-
signlllcllls in Ihe solid slalc ami in waler ami dculcralcd water al
room IClllpcralure.

W.Tfnqmbl"r (rm-l)

FH~lIRE 2. Infrarcd ¡losorplion spcclflnll of anhyJrous IgG2a in

KBI" pcJklS:1I room Icmpcralllrc.

SoliJ

IR R
5,4 505

(,.1)

75X
X21)

X(lO X57

X7X
tJ47 lJl6

l)5tJ

11,0

IR R
Assignrncnt

s-s
Phe (ring hrcalhing)

v(C-S)+Tyr

757 Trp

Tyr

Tyr

Trp
942 II(C-C)

alllOllnl 01' anliparallcl f:l-sl1ccts 01" large sizc. This may re-
l1ecl that thc amidc I ansorptíons 01"al1liparallel ¡3-slructures
01' larg~ si/.c are disp~rsed. Thc hanJ al 1662.5 cm-I could
he assigncJ lo hydrogen-honded peplidic C=O groups ¡n-
volvcd in non-rcgular (onfonnations, i.e. turns and random
coils. The I<lst hand al ca. 1685 CI11-1 should corresponJ
lo hydrogcn-honded involvcJ in ¡3-sheel slructures hUI also
lo "frec" pcplidic C=O grollps localed in lurns. unord~red
slructurcs, ami /J-slruclurcs 01"slllall sízc.
The inl"r;¡red ;¡mide 11 I"rcqllcncies support the abo ve con-

ClllSioll. sílice parallel ¡i-plealed shects, antiparallcl /j-Jouhlc
strands. ami turllS cOllld givc ríse to lhe two major fea!ures
rOlllld;1I 1522., CIIl-1 (4Y.2%) and 15~7.1 cm-I (413%)
whcrcas the slllall hand at 1568.2 cm-I (9.5%) could he rcla-

tJRR Amidc 11I'hand is t:ilhe!' nol ohscrvcd or very wcak by Raman scaltcr~
illg. wl1cll'as Ihe ¡¡mide 11' hand stallLls al ahoul 1470 cm-I

afte!" tkUlcration. Thc :Illlidc 111 hano is fountl for lhe
samc struclurcs hctwccn: 1260 and UOS cm-l. 1230 i.lnd
12~5 cm-l. 1250 alld 1,,0 cm-l. alld. 12~0 alld 1250 cm-l.
rcspeclivcly. It is shiftcd (o the 960-1000 cm-l rcgioll afler
douleralion (amide I1l') H,28. 29J.
Thcsc rcsults will he prcscntctl hcrcaftcr. \Ve \\i'il1 prcscnt

lirsl lhe prolcin in Jnhydrous statc in KBr Illcdium, Ihcn lhe
protcin sol\':lIctl hy H:.!O antl D10.

J.I. IgG2a in anh~'drolls statc

3. J ./. 111./1'(//"('(1{/b.wr¡Jlitm sp('crml1l

Thc infrarctl SpCClfUIll of IgG2a in KRr pellcl is prescnled
in Fig. 2. It l'xhihits ;¡ vcry hroad hano at high frequcl1cy
L'entcrctl arolllld 3350 (111-1 tille lo N-H alltl O-H strctch-
ing molles. At lower freqllcllcy. we lino a hroao amidc I hand
centered al 1652 CJll-1 wilh a handwidlh al half-heighl 01'
~ 71 cm-J, whicil sllggcsts Ihal various conformalions are
o\'erlapping. Thc alllidc 11hand is fOllnd also as a hroad hand
(6Y cm-I) at 15..f()cm-1 • Otllcr hands as lhe amide 111and the
S-S strctching moJes are found at 1242 cm~l and 534 cm-l.
respeclivcly. Al! the hands and lhcir assignmcnl arc presenled
in Tahle JI.
Aher malhematical trcalmen! in lhe 1300--1800 cm-I

freqllcncy rangc (Fig. 3). i.e.. sccond dcrivalivc and fitting
proccdure. lhe four fcaturcs 01' lhe amidc I hand \Vcrc oh-
servcd. FrL'qucncics ami pcrcclllagcs are given in Tahle 111.
These prnp0rlions are in good agrcclllcnt wilh Ihe results 01'
P~linter and Koenig [11 and PClolct el nI. [2] found in hu-
man IgG antihodics. The major fealure \Vas centercd at ca.
16.t2 cm-l. This frequellcy is too low lo he associalcd wilh
n.l1elix conformalíons hui loo high lo he assigned to antípar-
allc1 li-pkalctl 1Jlultistrand slruclurcs of Iargc size. It might
he raltll'r associaled with parallel f3-pleated sheet conforma-
tions and/or antiparallel ¡i-slrands t)f small síze and/or lo rall-
donl coil slruclurcs. Al'conling lo the deconvoluted spectrum,
the I'Olllptlllenl anHIlld 1614 Clll-1 could ac(ounl for a weak

Imx

11(,0

1(,52

I(~).j

1m2
1079

1125

1156
1174

1206

12JX
125X

U14

1.1.1X

1396

144()

1457

1550
15X,
16(}-¡

1616
166lJ

12.n

1,17

14(X)

1456
154()

1565

1(146

I(XU

10.12

1127

1157

1209

123X

ID2
1.132

155,

1606

1617

1666

1212

14(~)

1455

1564

15XO

1639

1004

1m3

Imx

1213

1234

1325

U40

1459

1550

1661

Phc

Phc

v(C-N)

ó C-H (ring)

Tyr.Phc

Tyr. Phc
Amide 11I

Trp (imlol::: ring)

ó C-II

Trp
v.(COO-)

,\ CII2

Amide 11.11'

Trp
IJu.s(COO-)

Tyr. Phe

Tyr, Phc

Amide 1. I'
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TABLA 111.Frequcncies and [ractioo,,! arcas in Ihe "mide 1.1' ¡¡"ti 'he "mide 11.11hands of (he IR spcctrum oflgG2a.

amide 1. l' ami de 11.11'

bandwidlh al bandwidth al

mcdilllTl ami de 1,1' frequency half-height arnidc 11.11' frcquency half-height

(cm-') (cm-1) (cm-I) (cm-I)

Kllr 1614 1642 1662.5 1685 71 1522.3 1547.1 1568.2 69

(313) (31.1) (259) ( 11.7) (49.2) (413) (9.5)

1\,0 1643 1680 1693 98 1520 1549 1565 74

(89) (8) (3) (5) (51.5) (43.5)

D,O 1643 1680 50 1430 1457 72

(92) (8) (X1.5) (1X5)

Wavenumbef (cm-')

FIGURE J. IR spcclrum (fullline) and decomposcd spcclrum (dol-
leo ¡¡nc) of anhydrous IgG2a in KBr pellets nt room Icmpcratllrc.

led lo lhe antiSYlIlmelrieal strelehing mode 01 COO- groups
al' amino acid rcsiducs and correlated 10 the hand al 1400cm-1

whieh is the corresponding sYlIlmelrieallllode [8, 25J.

3. J .2. Rllnum scauering spectrum

In Fig. 4 lhe Raman speelrum 01 dialyzed and Iyophilized
IgG2a antihody is prcsentcd in the intcrval 900-1800 cm-l.
Thc principal pcaks togcthcr with their assignmcnt are shown
in Tahle 11.SIrong hands eorresponding lo the amide I and
amide lB modes at 1668 cm-1 and 1238 cm-I, rcspcc-
tivcly are c1early observable. Thc obtained spcctrum is sim-
ilar to the ones reported previously by olher aUlhors [1, 2J.
The Amide 11band is nol observed on IgG2a. Raman spee-
troscopy provides additional cvidence thal IgG2a adopts
mainly ,B.plealed sheet structures. sinec the maximum of the
amide I peak is eenlered al 1668 em-1, and the amide 111
hand al 1238 em-l

Moreover. analysis of lhe spectrum bctwecn 600 and
900 cm-1 (speetrum nol shown) can provide liS morc infor-
mation about the position of sorne amino aeid sidegroups [41.
Thc duuhlct al 857 and 829 cm-I is charactcrislic of tyrosinc
fundamental vihralion and overtone of a ring bending vihra-
tion. Thc intensity ratio 185711829 is found '" 1 that which
mean s that ú7% of lhe tyrosine residucs are exposed and the

¡~,
000 "'" 1:00 "'" '''''' 'DI

Ram •••• hift (cm-l)

FIGURE 4. Raman spcClrum of (a) anhydrous IgG2a powdcr at
room tcmpcraturc, (h) IgG2a solvatcd in H20 al room tempcralurc,
(e) IgG2a solvatcd in D20 al room tempcrature.

olher oncs are hmied. An estimalion of phenylalanine/tyro-
sine ralio can be obtained [ram the 162111643 intensity ratio.
This ratio is '" 1.1 and we can estimale that there are 13
phenyalaninc groups for 10 lyrasine groups. The faet that
we did not observe an inlense band near 1360 cm-1 seems
to indieale lhal the tryplophan groups are cxposed. The S-S
bridge frequcncy is found at 505 cm-l by Raman scattering.
The disercpancy with lhe in[rared absorption result is proha-
hly tille lo a ccntro-symmclric confonnalion of the -C-S-S-
C- dihcdral angle. At higher frequcncy. an intense band with
many shoultlcrs. tlue lo N-H and O-H slretching modes. is
ohserved. The G-H slretehing hands are prohahly due lo ty-
rosinc groups and 10 sorne residual water molecules as well.

R,'". Mex. Fis. 45 (5) (1999) 459-465
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FICiURE 5. IR spcctrum (fullline) and decomposcd spectrum (dot-

ted tille) nf IgG2a snlvatcu in Il,¡Q aLroom temperaturc.
FJ<iUI<E 6. IR spl'ctrum (fulllíne) and decomposcd spcclrum (dot-
lel! Jine)of IgG2a solvatcd in D;¿Qat room temperature.

.1.2. IJ.:G2a in .UIUCOUS solutions

3.2./. /1IH'l11cr

slate (-;~ cm-1) nf lhe amide 1 band indicates an increase of
Ihe hydrogcn honding of the C=O groups and conllrms lhe
analysis 01"Ihe infrared rcsults.

The infrared ahsorplion spectrum of IgG2a solvatcd in neu-
tral solution of water at 25°C is shown in Fig. 5 in the amide
I and 11region whcre two maxima are observed al ca. 1646
and 1549 cm-l. Olhers ohscrved frcquencies and tenlative
assignments are given in Tahle 11.Compared to the anhydrous
material, the amiJe 1 and 11banJs are hroaden when IgG2a is
501vated in waler (98 anJ 74 cm-I, respectively). This broad-
ening suggesls an enhancemcnt of random structures. As we
said ahoye. with respect to lhe anhydmus state, solvation in
water shifts the amide I hand to lower frequency (-G CI11-I)
and the amide 11hand lo higher frequency (+9 cm-I). Nev-
erlhcless, presence or water ahsorplion in the amide I region
lel us make difficult Ihe analysis of l!lis parl uf Ihe spcclrum.

Arter mathematical Ireatmcnl of the amide 1 and 11 rc-
giol1s, thrce rcatmcs are roum] in the amiJe l bano at ca.
\(;.1:1el11-1 (X9%), 1680 cm-I (8%) and IG93 cm-I (3%).
Freqllcncies of the amiJe I and 11 hands and percenlages
are compared in Table 111with those of the solid stalc. The
lllain eonlribulion cnffespont!s to ,B-pleated sheet structures
hUI is also dll~ lo water ahsorplion. The small contri bu-
tion at lG~3 Clll- L in Ihe amide I hand corresponds lo free
C=O groups Ihal are in smaller quantily Ihan in Ihc anhy-
tlmus stale. That means Ihal many of the free C=O groups
of lhe solid slale are now hydrogcn honded by water in
solution. The amide 11 band has also three maxima (Ta-
hle 11I)1520cm-1 (5%),1549cm-1 (51.5%)and 1565cm-1

(43.5%). \Vc can ohservc lhe important intensily decrease of
lhe low frequency band, and consequently the increase of
lhe two olher hands. This indicales an increase of turns amI
randolll conformalions and a decrease of the ,6-pleated sheet
strllclures. This was also indicalcd by the disaparition of lhe
low frcqm:ncy hand in amide I region.

By Raman scatlering (Table 11), the amidc 1 band as a
maximlllll at ca. 16GGcm-I and the amide 11band is not oh-
servetl. The low frequency shift with respecl lo the anhydmus

3.2.2. /" de/lterated waler

The infrared ahsorption speclrum of IgG2a sol valed in neu-
Iral so!ulion 01'020 at 25°C exhihits three main peaks in the
1800-I3(Xl cm -1 inlerval (Fig. 6) wilh maxima al 1639, 1564

amI 1455 cm-l. SuhSlilion of H,O by D,O shifts Ihe waler
hending mode to lower frequency and thus c1ears lhe amidc
1,r region which is sensilive 10 lhe conformalion of the pro-
lein. CompareJ lo solid siate and lo solvalion in water, lhe
abovc spcclrum shows Ihal Ihc amide l' frequency slightly
deerease" (16.,9 cm-I). The amide Ir band (1455 em-I)
is rOllnd al lowcr frequency Juc lo Ihe H-D exchangc. The
small band al ca. 1564 cm-I has lwo shoulders al 1544 and
15KO cm-J. The cenlral band could he tlue to Trp residucs.

The high I"rcqucllcy shoulder lo the antisymmelrical moJe of
COO- groups which are more easily ohserved. The low fre-
quellcy shollltlcr eOllld he tlue to so me peptidic groups very
deeply hllrict.1in Ihc protein and prevenled from the H-O ex-
change amI/m to J Cll:! vihrations. The amide nI' band is not
ohserved by IR ahsorption due lo the very imponant shift pro-
duced hy Ihe same phenoll1enon. ObserveJ frequencies and
lenlative assignments are given in Table 11.

¡\fler the dillerent malhematical processings, the high-
esl freqllcncy componenl ohscrvcd in the solid statc has dis-
appeared in D,O (Fig. 6, Table 1Il). This indicales Ihal al-
mosl of Ihe C=O grollps, which were "frec" in KBr, bccome
dClIleriulTl or hydrogen hondeo in D20. Consequcntly, ei-
Iher the percenlage 01",d-struclures i"creases (sec Tahle la)
m direcl C=O ... (O:!O)¡_:! inleractions are formed (see Ta-
hlc Ih) or hOlh. Ncvcrthcless, thc aosence of a low frequency
band (near 1615-1620 cm-1) in lhis region lel us Ihink lhal
C=O ... (D:!O):z are very fcw. Howcver, it could be assumed
that lhe confonnalioll of Ihe prolein is largely maintained in
0,0.

By Raman scaltcring (Tahle 11), Ihe arnide l' is found at
1661 em-I, Ihe amide 11' al 1459 cm-I and Ihe amide lIl'
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al 988 cm-l. Thcsc frequcncics confirms lhe aboye analysis.
where Ihe low frequency shin 01' Ihe lhree bands result from
lhe H-O cxchange.

4. Conc\usion

In this work a structural characterization of an IgG2a mono-
clonal antihody by Raman and Infrarcd speclfOscopics (on-
lirms Ihat lhe prcdominant structurc is lhe antiparallcl (3-
sheet. Analysis 01' lhe solvation of the proteio hy H10 ami
D20 was also cslahlishcd from lhe ahsorption Illcasurcmcnts
in lhe amidc 1, l' and 11,n' frcquency range. Thb analysis
<.loes not givc ahsolulC rcsulls. hut as thcse cxperimcnls wcrc
held undee lhe sume cunditions 01' protein conccntration, rU.
ano lcmpcraturc, this study is assumed la give a cohercnt dc-
scription 01'lhe conformational dynamies of IgG2a when the
protein is dissol\'ed in various media. Henee, even weak vari-
atinns ohservcd from (lne speetrum to another havc becn rc-
liahlyanaly/ed.

The highcst amide 1,r component, the frequeney anu in-
tensity of which dcpenJ on the solvent. can be mainly assnci-
aled wi!h "free" C=O groups. which are rapidly solvated hy
HzQ and 020. The oceurrcnce 01'such "free" C=O groups
must he correlaled to "frec" N-H groups which are rapidly

,. On Icave from: Groupe de Recherchr en Physique el
Biophysiquc (GRPB). Univcrsilé René Desrarles. UFR
Biolllédirale. 45 Rile des Saints-Pércs. 75270 Paris Ccdcx 06.
Franee. To wl10m corrcspodcncc shouls he sent.
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