
Secondary Currently, x-ray crystallography and nuclear magnetic reso- 
nance (NMR) spectroscopy are the only techniques available for 
determination of the 3D structure of a protein at the atomic level, 

Considerations but these techniques are not very efficient due to their low through- 
put and high cost. However, a number of techniques are available 
that can monitor protein secondary structure and are rapid, use little 

John T. Pelton material, and are quite inexpensive. These methods help bridge the 
gap between the amino acid sequence and molecular function by 

T he beginning of the 21st century looks promising with the providing clues to the structure a protein may adopt. 
hope of understanding the causes of disease and, by exten- Many of the gene products still to be characterized may be similar 
sion, of finding ways to cure and prevent them. Much of this enough in sequence to a known protein for researchers to estimate 

excitement comes from the sequencing of the their structure and function. In these cases, exper- 
human genome (I) and the identification of the 100- , imental determination of secondary structure can 
30,000 to 40,000 genes that define our genetic : @ 

I be used to confirm such an estimation. Other pro- 
"blueprint." Although this effort will be the , 80- teins may be so dissimilar in sequence to known 
foundation for many new therapeutic approach- proteins that homology will not provide enough 
es, the biomedical community is likely to focus 6 60-  I clues to structure and function. In these cases, 
on the identification of novel pharmaceutical ;, ,I similarity in protein folding to a known protein- 
targets. Here, opportunity looms large, because 5 

- 
l the matching of secondary structure-may be an 

the function of fewer than 30% of all predicted * 

20-:, 
important clue to an early assignment of function. 

eukaryotic proteins is known. But target identi- Secondary structure can be estimated by cir- 
fication is difficult because we have few tools - o - - cular dichroism (CD), Fourier transform-infrared 
to decipher the nature, function, and interaction 2 (FT-IR) spectroscopy, and Raman spectroscopy. 
of proteins on the basis of sequence informa- I 2 0 -  

Unordemd wk I For proteins, CD results when the amide bond 
tion alone. Much experimental data still must , (and some side-chain) chromophores interact 
be acquired before we can be confident a given 

-401  
with polarized light. Where the amide chro- 

protein will be a good candidate for a drug dis- ,do ' 2&, , 2;0 . *,iO 2& mophores adopt highly ordered arrays, such as a 
covery program. To meet this challenge, a vari- Wavelength (nm) helix, sheet, or tum, the wavelengths and Intensl- 
ety of spectroscopic techniques will be re- ties of the optical transitions may be altered, re- 
quired to define protein interactions and envi- CD The classical secondaly sulting in a characteristic CD spectrum for each 
ronments and to identify drug targets. structural elements of proteins, helix, structural element. Because most proteins are 

In nature, function and form are closely relat- antiparallel P pleated sheet, P turn, and composed of multiple structural elements whose 
ed, so the structure and molecular dynamics of a unordered structure, are shown, ~h~ P individual CD spectra overlap, mathematical pro- 
protein provide important clues to its biochemi- turn conformational feature for -Lys-Pro- cedures are used to determine the contribution of 
cal role. Although all proteins are composed of ~ l y - ~ h r -  shows a hydrogen bond be- each Component to the Spectrum. The conforma- 
linear polymers of amino acids, the order in tween the carbony1 oxygen atom of the tion may then be estimated from the percentage 
which the amino acids appear-the sequence, or proline residue and the amide hydrogen of each element in the folded protein [see review, 
primary structure-is unique to each protein. of threonine. The amide bond chro- (2)]. The accuracy of the secondary structure pre- 
This sequence can be read directly by using the mophores of the peptide backbone are diction is somewhat limited by natural variations 
genetic code to translate the gene's nucleotide held in a well-ordered array and produce that occur in the position and magnitude of the 
sequence. With the order of the building blocks a characteristic CD spectrum. component bands that deviate from those present 
thus defined, the logical next step would be to in the "ideal" secondary structural elements. 
predict a protein's three-dimensional (3D) structure and to under- However, its speed (a few hours), its simplicity (similar to ultraviolet 
stand the molecular motions of the groups involved in function. spectroscopy), and the small amount of sample it requires (100 mi- 
However, despite great effort, this goal remains elusive. A linear crograms or less) make the technique attractive for use at the early 
polypeptide chain can fold to form a variety of secondary structural stages of drug target identification. 
elements. The compact, rod-like CY helix, whose structure is stabi- FT-IR spectroscopy is a widely available vibrational spectroscopic 
lized by a regular pattern of hydrogen bonds between the carbonyl method rooted in the first half of the 20th century. Spectra are ob- 
and nitrogen-hydrogen groups, is familiar to many. A polypeptide tained from the absorption of energy by vibrating chemical bonds. 
chain can also form p sheets, extended structures with a slight right- The frequencies of these vibrations depend on the types of bonds and 
handed twist and a pattern of hydrogen bonds between peptide their vibrational modes (primarily stretching and bending motions). 
chains that may be oriented in either a parallel or antiparallel fash- Although groups of atoms create bands near the same frequency re- 
ion. The polypeptide chain may also fold back on itself to form a gardless of the molecules in which they are found, the precise location 
turn, or may adopt an irregular pattern (see figure, this page). The of the bands in the spectrum is sensitive to inter- and intramolecular 
arrangement of these secondary structural elements and random effects. Peptide bonds in proteins have a number of distinct vibrational 
segments in 3D space defines the tertiary structure of a protein. modes, although the amide I band (found between 1612 and 1696 

cm-') is most frequently observed (3). This in-plane stretching vibra- 
The author is at Aventis Pharmaceuticals Inc.. Bridgewater, NJ 088074800. USA. tion of the peptide carbony1 atoms acco~nts for about 80% of the total 
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tern accounts fbr its usefulness in predicting protein secondary struc- niques fail. In the study of biomembmes, ET-IR and Raman spec- 
ture. For example, the amide I band of a small peptide devoid of any troscopy have provided much of the experimental evidence for the 
regular secondary structural feature is found around 1642 cm-'; in secondary structure and dynamics of m e m b b o u n d  pIoteins and 
con- the ET-IR spectrum of the protein myoglobii whose struc- of h e  membranes themselves. For example, Rothschild (5) used po- 
ture is 88% helix, has an amide I band oentered around 1650 cm-'. larized FT-IR spe- to determine the orientation of the seven 
The major mculty in the IR spectral analysis of proteins is that the transmembrane+ helices of bacteriorhodopsin in the purple mem- 
amide I band is most often a composite of overlappilag component brane. In addition to its use in secondary stwhm -on, Raman 
bauds that correspond to the different stmctud elements. Howver, spec- can report on the envimnment of many side-chain func- 
once the component bands are identified, quantitative -on of tional groups and is one of the few techniques available that can detect 
secondary structure follows dim$ fiwn theii hctional intensities. the presena and geometry of didtide bonds (see figure, this page). 

Ramau spectroscogy is less well known and probably underused CD spectroscopy is well suited to monitoring changes in protein seu 
First observed by Rarnan in 1928, the Raman effect mults when ondary mumre as a function of the envimnment (e.g., temperature, 

. light interam with a molecule and is scattered inelastially, that is, at pH, b w ) .  Indeed, the thermal stabiity of proteins and complexes is 
a wavelength slightly longer or shorter than the inci- easilymeasllredbyCD,asarethethemodynamicpa- 

dent wavelength. The differ- rameters of denaturant-induced protein folding and un- 
ence in wavelength reflects folding (6). The mechanism of acid-induced release of 
vibrational energy either lost ligand from macrophage scavenger receptor was 

80 or gained by the molecule, demonstrated when it was shown that G l e  induced a 
andthedtingspectrahave pHdependent conformational change in the helical 

? some similarities to those ob- coiledail domain (7). CD spectroscopy has been used 

l a  to track conformational changes associated with p m  
tein-protein and protein-nucleic acid interactions. A 
peptide tkom the major calmodulin-binding domain of 
cyclic nucleotide phosphodiesterase was observed 

40 through the use of CD to form an a helix upon biding 
with calmodulin in the presence (not the absence) of 
calcium (8). Because many potential thempeutic targets 

consist of complex mixhues of macromolecules, these 
optical and vibrational techniques will provide much of the 

early i n f o d o n  on the bmding interactions needed to assess their 
function and viability as drug discclvery targets. 

Although NMR and x-ray crystallography provide the highest 
resolution available for structural studies, they have not generally 

r 
been used at the early stages of target identification. The si@~- 
cant investment of time and effort required for these approaches 
tends to confine their use to chemical optimization efforts after 

500 1000 1500 target validation. However, recent advances in these fields, cou- 
Warnumben (ern-') pled with the human genome sequence information becoming 

wpw Raman spectrum is fmm Ehistatin, a disintegFin available, have begun to change this view. Isolated investigations 
protein i d e d  fmm wnom of E ~ &  ne amide I band be- on individual proteins are being replaced with massive parallel ap- 
twen 1620 and 1690 cm-I indicates predominately sheet and tum s?.ruc- P-~H in both the public (www.nigm~.nh.govffundin9/~si.html) 
ture, consistent with NMR data. The four disulfide bonds give rise to tw and primte (www.stromix.@Jm) sectors. In the public w r ,  these 
major bands in the Raman spectrum: three contribute to the -8 band studies are being directed toward sampling structural families, 
at 507 cm-I and one occurs at 530 urrl. The location of these bands cor- which will provide a database for predicting structure fiom se- 
relates with the conformation of the disulfide bonds within the protein. quence. In the private sector, proprietary structural data on pro- 

teins will be one part of chemical biology and used to both predict 
tained by FT-IR. The Ramau efkct is inherently weak because only biochemical function and serve as an initial template for drug dis- 
one photon in 108 actually scatters inelastically. It was not until the covery. However, even though high-throughput x-ray and NMR 
deyelopment of high-intensity lasers and sensitive chargeauple de- methods promise insight into the structure and function of many 
vice detectors that Raman spectrrwcoW was able to develop. As with currently unbown gene products, they are unlikely to be relevant 
FT-nil the amide I band is primarily used to assign secondary stmc- to more than 20 to 30% of all gene targets (9). As a result, sec- 
tures, and mathematical tools identi@ and quantitate the individual ondary structure dekmination will likely remain a powdid tech- 
compoaent bands (4). Raman spectra can md3y be obtained tkom a nique for estimating function, particularly for systems not current- 
wide range of samples, such as aystalhe and amorphous solids, ly amenable to high-resolution methods. 
thin films, a pmtehs in solution. Sample prqwation is o h  quite 
simple: an -us pmteh solution is loaded into a glass capillary 
or, perhalw, a single protein crystal is placed on a slide. If a c m -  I. sw kkncc, 291 (16 ~ c b r v q  2001) and w m ,  40s (1 5 ~cbnury 2001). 
t i d  light mi- is covled to the Raman W e t e r ,  the 2. N.J. CnenfiLLd.Anrl. Biodnm. 235.1 (1996). 
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