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Glycoproteins play many fundamental roles in biochemistry and a lipocalin-type fold based on an eight-stranded antipayaigieet
are of great interest to the pharmaceutical and biotechnology in the form of a barrel with strands linked Brhairpins plus a
industries as drug targets, mediators in drug action, and therapeudong loop?®
tics! However, the structures of intact glycoproteins are notoriously =~ The backscattered SCP ROA spectrum of bovine AGP, the
difficult to characterize using the standard techniques of structural structure of the N-linked pentasaccharide core common to all
biology (X-ray crystallography and NMR supplemented with oligosaccharide chains, those of bovjidactoglobulin and\,N'-
spectroscopic techniques, such as ultraviolet circular dichroism, diacetylchitobiose, and their respective structures are displayed in
infrared and Raman). In the few cases where X-ray crystal or Figure 1. These were measured on the CRiFMANinstrument
solution NMR structures of intact or partially deglycosylated recently introduced by BioTools, Inc., which is based on a design
glycoprotein structures have been obtained, most of the oligosac-by W. Hug>6 This instrument routinely extends protein ROA data
charide structure is poorly defined, in part, due to conformational acquisition to the low-wavenumber region200-600 cnt?,
heterogeneity, with only the first few residues attached to the protein compared with a low-wavenumber limit 6f600 cnt? for proteins
adopting fixed conformations about their respective glycosidic using the previous generation of instruments, thereby opening a
links12 There is an urgent need for new techniques capable of new spectral window on proteins in general and glycoproteins in
determining the solution structures of the peptide and carbohydrateparticular.
components in intact glycoproteins and how they modulate each Those ROA bands of AGP, which we currently believe to
other’s stability and behavior. originate mainly in carbohydrate and polypeptide structure, are

Raman optical activity (ROA), which measures vibrational optical highlighted in green and marked with an asterisk, respectively, in
activity by means of a small difference in the intensity of vibrational Figure 1a. The carbohydrate assignments are suggested by similar
Raman scattering from chiral molecules in right and left circularly bands highlighted in green in the ROA spectrum NfN'-
polarized incident light (incident circular polarization, ICP, ROA) diacetylchitobiose in Figure 1c. Band overlap in certain regions
or, equivalently, as the intensity of a small circularly polarized means there is some uncertainty in a few of these assignments. A
component in the scattered light (scattered circular polarization, number of the ROA bands of AGP assigned to the polypeptide are
SCP, ROA( 6 is a powerful technique for the study of the similar to those observed ifi-lactoglobulin, which is consistent
structures of biomolecules in aqueous solufioRroteins and with the suggestioft that the AGP polypeptide also adopts a
carbohydrates are both excellent samples for ROA, giving rich and lipocalin-like fold. There are some differences, however, which may
informative band structures over a wide range of the vibrational be due to structural perturbations, changes in hydration or hydrogen-
spectrum. ROA spectra of proteins provide information about the bonding networks, etc., from carbohydrageptide interactions.
fold as well as the secondary structure of the polypeptide The pentasaccharide core shown in Figure 1 is common to all
backboné?together with side chain conformation in some cd8es. N-linked oligosaccharide’$,with the first two glycosidic links after
ROA spectra of monosaccharides contain information on sugar ring the N-links to asparagine being of th##1-4)-type, as inN,N'-
conformation, relative disposition of OH groups around the ring, diacetylchitobiose, so it is gratifying to observe a similar ROA band
the absolute configuration and axial or equatorial orientation of pattern in the range-400-550 cnr?, not present in the ROA
groups attached to the anomeric carbon, and the exocychOEH spectrum of-lactoglobulin that may also be characteristic of this
conformation; those of di- and oligosaccharides contain information link in both N,N'-diacetylchitobiose and AGP [a similar pattern is
on the conformation of the €0—C glycosidic links, and those of  observed in th¢(1-4) disaccharide-cellobiose, but not in the-
polysaccharides provide information about whether the structure (1-4) disaccharide-maltose, which exhibits opposite signs in the
is disordered or has extended order, such as héli¢al® Here, first two ROA bands in the-400-450 cnt? regiort?. This accords
we show that ROA provides spectra of intact glycoproteins which with the finding that the conformation of the tliacetylchitobiose
contain information about the structures of both the polypeptide core in N-linked glycoproteins is independent of the protein and is
and carbohydrate components. the same as that of the free sugarhe negative ROA band at

We focus onay-acid glycoprotein (AGP), a much-studied ~1363 cnt!in S-lactoglobulin is assigned to tifeturns associated
physiologically important glycoprotein whose exact biological with the antiparalle3-sheet in the proteif An equivalent band in
function remains obscufé.To date, no X-ray crystal structure has AGP may be obscured by the strong positivel347 cnt
been reported, but spectroscopic studies together with homologycarbohydrate band. We currently have no explanation for the
modeling of the polypeptide component have provided some insight nonappearance in the ROA spectrum of AGP of the strong negative
into its structuré?® The polypeptide is a single chain formed from ROA band ofN,N'-diacetylchitobiose at-950 cnt?, which is not
183 amino acids with two disulfide bridges. The carbohydrate present in the ROA spectrum afcellobiosé? and which may
content represents 45% of the molecular weight and contains five therefore be associated with theacetyl groups.
highly sialylated oligosaccharide chains linked via N-glycosidic Although we have discussed only a few assignments in this
bonds to asparagine residues. The polypeptide is thought to adopfpreliminary study and have offered only qualitative interpretations,
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Figure 1. Backscattered SCP Ramdn (- I.) and ROA (r — I.) spectra of (a) bovinei-acid glycoprotein (AGP) together with a diagram of the common
pentasaccharide core; (b) bovifidactoglobulin together with its X-ray crystal structure (PDB code 1beb) drawn using MOLSCRI&T] (c)N,N'-
diacetylchitobiose. All samples were purchased from the Sigma-Aldrich Company, Ltd. Experimental conditions: all spectra were measured in aqueou
solution at concentrations ef50 mg/mL; frequency-doubled Nd:YAG laser wavelength at 532 nm; laser powe560 mW at the sample; spectral
resolution of~8 cnL; acquisition times of-4 h for the proteins ah2 h for the carbohydrate. Bands provisionally assigned to carbohydrate and polypeptide
structure in (a) are highlighted in green and marked with an asterisk, respectively.

(6) Barron, L. D.; Hecht, L.; McCaoll, I. H.; Blanch, E. WMol. Phys.2004

it is apparent from the plethora of ROA bands characteristic of
102, 731-744.

both the peptide and carbohydrate components that ROA has the (7) Barron, L. D.: Hecht, L.: Blanch, E. W.: Bell, A. PProg. Biophys. Mol.
potential to provide structural information on glycoproteins well Biol. 200Q 73, 1-49.

beyond the capabilities of other spectroscopic techniques. A detailed (8) McColl, I. H.; Blanch, E. W.; Gill, A. C.; Rhie, A. G. O.; Ritchie, M. A.;
analysis of the band patterns may ultimately provide information 1882& L. Nielsen, K., Barron, L. B. Am. Chem. S02003 125 1001~
on the more conformationally heterogeneous and functionally (9) McColl, I. H.; Blanch, E. W.; Hecht, L.; Barron, L. . Am. Chem. Soc.
crucial peripheral oligosaccharide segments. For example, ROA has (10) é?gs‘cﬁzg va8_l;|i(l:ﬁt8'l_ . Day, L. A.: Pederson, D. M.: Barron, L.JD
the sensitivity to distinguish, in principle, stacked glycosidic link Am. Chem. SoQ@001, 123 4853-4864. T T
conformations from extended conformations, both of which appear (11) Wen, Z. Q.; Barron, L. D.; Hecht, L.. Am. Chem. S0d993 115 285~
to be present in the oligomannose glycoforms of ribonucleake B. 12) Be2||, A. F.: Hecht, L.: Barron, L. DJ. Am. Chem. S04994 116 5155~
5161.
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