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From HOS-2017: 
Biophysical 
Characterization 
of NIST mAb RM 
8671 IgG1k
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Is there need / room 
for another 
technique?

Are CD / FTIR sensitive 
enough for mAbs and 
new modalities?

• I would like to argue a YES!
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(Re)Introducing Raman / ROA 

Many uses in Pharma for PAT, 
contaminant analysis, polymorphism

But very few for protein HOS

4

FILTER
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Raman scattering creates a unique fingerprint for a molecule



What is Raman and what 
are the advantages for mAbs
/ peptides / proteins?

Amide III

Amide I –
2 structure

S-S 
bonds

Trp
Tyr / Trp

Phe
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Marker Bands IR & RAMAN 

RAMAN S-S; S-H bonds
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What is ROA and what are 
the advantages for mAbs / 
peptides / proteins?

ROA spectra are dominated by 
peptide backbone bands and thus 
give more direct information about 
secondary and tertiary structure, 
combining all the advantages of 
Raman full spectral region & 
stereochemistry of CD.

ONE Measurement gives TWO spectra: 
RAMAN & ROA

ROA

RAMAN
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Different Structural Forms 
show very different Raman / 
ROA spectra

L.D. Barron; The Biochemist, 
June, 2006, 27-31
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RAMAN /ROA of 
Glycolytic-

Structure in 
Proteins
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Sensitivity of 
ROA to 

Higher-Order 
Protein 

Structure

10 Work and slides courtesy of Dr. Tiansheng Li – Amgen, Inc.



Aggregation of Human 
IgG1 & IgG2  w/ pH
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Three lots of commercial 
IgG1 with one lot identified 

as bad by customer
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Amide I Amide III

Trp

Mannitol 

Tyr/Trp

Amide III

Amide I

S-S 
bonds

Trp

Tyr / Trp
Phe 

Amide I

Amide II

ROA

RAMAN

FTIR (&2nd Deriv)

FTIR - no real differences between the three spectra; Raman - small differences; 
ROA - the differences in the blue spectrum are visible and  and are observed in secondary and tertiary structures 

*

* *
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Comparison of Biophysical 
Methods:  
Raman/ ROA is shown to be 
the most sensitive and a 
‘predictor’ of stability
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Note: Raman/ ROA wasn’t measured on Day 3
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Fusion protein; one lot shows a problem –
is there a structural change?

Structural Change is observed in ROA only:
Unfolding / presence of PLPII
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http://protacal.com
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- Complete Spectral Processing (single or multiple files)

- Lots of Tools 

- Secondary Structure Calculation based on ~50 proteins in the 
transmission database

- Now includes NIST standard antibody!!

- ATR databases available for liquid and solid forms
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• Comparability (based on area of overlap)

• Shadow Plot – provides an error of 
measurement / analysis

• 21CFR compliance: Audit Log for all 
functions

Raman Shadow Plot with Average

FT-IR 

RAMAN



New Modalities:
DNA / RNA

Viruses / AAV
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RAMAN/ ROA Applications 
for Nucleic Acids based 

molecules



Marker Bands IR & RAMAN 
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DNA, cm¯¹ Assignments
1669 Thynine (O2)

1578 Purine stretching
1513 Adenine

1488 Guanine (N7)

1462 Deoxyribose

1376 Thymine (CH3), purine

1339 Purine stretching

1304 Adenine
1256 Adenine, cytosine

1179 Thymine, cytosine

1094 Phosphodioxy stretching

895 Deoxyribose

838 Phosphodiester stretching

788 Phosphodiester stretching

753 Thymine

683 Guanine



Comparison of different forms of DNA
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ssDNA TYPE 1

ssDNA TYPE 2

pDNA

tRNA

ssDNA TYPE 1

ssDNA TYPE 2

pDNA

tRNA

FT-IR RAMAN



A-type RNA Double Helix:
Raman (top) & ROA (bottom)



tRNA Double Helix:
Raman (top) & ROA (bottom)

Source:
https://www.researchgate.net/publication/10883
622_Vibrational_Raman_Optical_Activity_of_Prot
eins_Nucleic_Acids_and_Viruses

Image source for tRNA:
https://courses.lumenlearning.com/suny-mcc-
microbiology/chapter/structure-and-function-of-rna/

file:///C:%5CUsers%5Cpyats%5CDownloads%5CMethods2003review.pdf
https://www.researchgate.net/publication/10883622_Vibrational_Raman_Optical_Activity_of_Proteins_Nucleic_Acids_and_Viruses


Comparison of DNA / RNA: 
note the incredible richness of Raman / ROA spectra
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FT-IR 

RAMAN
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Raman & ROA of Viruses 

- Most virus types (filamentous, cylindrical 
and icosahedral) provide excellent ROA 
spectra. 

- Coat protein folds can often be simply ʻread 
offʼʼ

- ROA can simultaneously probe the 
structures of the protein and nucleic acid 
components of an intact virus

E.W. Blanch, L. Hecht, C.D. Syme, V. Volpetti, G.P.Lomonossoff, 
K. Nielsen, L.D. Barron 2002. J. Gen. Virol. 83, 2593.



E. W. Blanch, L. Hecht, C. D. Syme, V. Volpetti, G. P. Lomonossoff, K. 
Nielsen and L. D. Barron.  J. Gen. Virol. 83, 2593 (2002).
•

Cowpea Mosaic Virus (CPMV)

•Type member of the comovirus group of  
plant viruses.

• Preparations separate into three bands by 
centrifugation on CsCl density gradient.

• Bipartite genome of separately 
encapsidated RNA-1 and RNA-2 molecules.



E. W. Blanch, L. Hecht, C. D. Syme, V. Volpetti, G. P. Lomonossoff, K. 
Nielsen and L. D. Barron.  J. Gen. Virol. 83, 2593 (2002).
•

Cowpea Mosaic Virus (CPMV)

• Subtraction of the ROA spectrum of the 
top component (empty protein capsid) 
from those of the middle and bottom 
components provides ROA spectra of the 
RNA-1 and RNA-2 cores.

• The ROA of RNA-1 and RNA-1 are almost 
identical and are very similar to ROA of 
tRNAPhe.

RNA-2 

RNA-1 

tRNA(Phe)



Bio & Advanced Therapeutics
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Who are we?
- Co-founded by Dr. Rina Dukor and Professor Laurence

Nafie in 2000;  

- dedicated to helping customers solve real problems 
and bringing challenging groundbreaking techniques 
to market 

- First to commercialize a dedicated solution  for 
protein structure elucidation based on FTIR 
spectroscopy known as PROTA.  (i.e.  brought FTIR to 
biopharma market) that includes largest protein 
dbase; BioCell transmission cell & temperature 
controller

- First company to commercialize VCD for structure 
elucidation  of chiral molecules (ChiralIR)

- First company to commercialize ROA – recipient of 
R&D 100 Award (ChiralRAMAN) 
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FT-IR VCD/IR ROA/RAMAN

HAND-HELD RAMAN

Protein 
Structure
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BioTools Headquarters:

BioTools, Inc.
17546 Bee Line Hwy

Jupiter, FL 33478 USA

Tel: +1-561-625-0133
Email: info@biotools.us
Web:   www.biotools.us
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