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€ Optical Spectroscopy can help
demonstrate equivalence

€ Optical Spectroscopy can help
achieve equivalence

MEDICAL=
research

PRODUCTS



Conformational States of Proteins
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Each state can have a unique spectroscopic signature
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A Context for Optical Spectroscopy

& Familiarity with the protein Is critical
Initial handling & pilot studies
Formulation development
Process development

€ Rapid & ‘simple’ tools are crucial
Enables progress in initial stages
Provides insight to the effect of environment
Speeds resolution of development issues
Improves in-process assay turnaround
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A Context for Optical Spectroscopy

- B ——
& Rapid € Low resolution
& Repeatable € Not always simple
& Inexpensive € Not always reliable
€ Nondestructive € Troubleshooting
# In-situ analysis possible not trivial
# Part-11 compliance ® Learning curve
& Validatable € Limiting sample
& Valuable screening tool requirements
- reduces the need for ® Orthogonal data
complex / slow methods essential
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ommssmmQverview of !
Optical Methods & \
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UV Absorbance

- B 4
® Parameters & Uses
Intensity Quantitation
Band Shape Tertiary structure
& Sensitivity Denaturation -C_,
Aromatic Residues Melts -T,,
Bl Ee @ Characteristics
*Amide Bond Reliable, simple,
ubiquitous
Limited structural
Information
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Fluorescence

-l B 4
€@ Parameters & Uses
Intensity Denaturation -C_,, T,
Wavelength Tertiary or quaternary

structure tracking

Anisotropy/polarization Hydrodynamic

& Sensitivity properties, residue
Aromatic residues mobility
Residue exposure Quenching
Residue proximity Accessible

hydrophobics
¢ Characteristics
Protein-specific
Low concentration™*

(FRET or quenching)
Cofactors
Dyes
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Circular Dichroism

- B 4
# Parameters # Characteristics
Ellipticity Small B-sheet signal

Band shape
(wavelength)

S

Newer equipment is better
Intensity critical

&

® Sensitivity Reference set needed for a priori
2° structure a, U structure analysis
Chiral environment of Far UV CD
aromatics & SS # Amide bands broad
s Sensitive to UV absorbing solution
£ Uses components
“Absolute” structure « Low concentration 0.01 - 5¢g/I,

. short path length better
structure comparisons « aromatic contributions are protein
Cofactor binding specific

& environment Near UV CD

s« >1g/l, longer PL better o
» protein specific PEEE:[I’.:%AIIEIH
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CD Example 1
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Truncated and full-length protein had different CD signal k34 %S
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FTIR & (VCD)

& Parameters

Band-shape

Frequency (wavelength)
& Sensitivity

2° Structure - 3 sheet,
& helix/non-periodic

Side-chains
# Uses
Structure estimation

Secondary structural
comparisons

Side-chain environment
& conformation

Ligand binding
Conformational flexibility

&

# Characteristics

High protein
concentrations (>5g/1)

Interference from
carboxylate in amide |

Side chains and backbone
signals overlap

Band shape critical

A priori structure
estimation possible

Difference spectroscopy
common & simple

Alternative solvents (D,0)
common

Transparency not required

Huge range of techniques =
accessible }"g?%%lb -
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FTIR Example

Comparison of N 75 \

formulation pH / \
{ f N
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Minimal Optical Instrumentation

for Protein Work
- B s

£ CD-UV-Fluorescence

Rectangular cells, 10um — 1cm
Triangular cells — suspensions
Thermal control (T,,)
Titrator (C,.)
Integrated pH measurement

® FTIR
ATR —Ge IRE flow-cell (Horizontal)

Transmission — demountable CaF,, 5um
PTFE spacer
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- Secondary Structure '

Determination With
Optical Spectroscopy




Secondary Structure from Spectra
h B 3 4

190 200 210 220 230 240 250 260 1700 1600 1500

Wavelength (nm) Wavenumber (cm-1)
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2° Structure Determination

from Optical Spectra
B 4

Curve Fitting:
Unknown spectrum

W

Assign bands*
Integrate areas
Results (IR only)

Principal Components:
Build basis set*
Train algorithm
Unknown spectrum

|

Model
v

Results (IR or CD)
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Curve-Fitting of FTIR Spectra

- B 3 4

Bacteriorhodopsin Interleukin 1

I

I \ I \ I \ \ \ \
1660 1640 1620 1700 1680

Wavenumber (cm-1)

I \ \ \ I
1700 1680 1660 1640 1620

Wavenumber (cm-1)

Method % o-helix % g-sheet % turn
Curve fitting (FSD, auto)
(Cabiaux et al., 1989) 51 18 21
Curve fitting (FSD, DR2)

Method a-helix g-sheet turn long loops
Curve fittina (FSD, DR2)

Oberg et al. 1994 (25.4) 51.9 22.8 (25.4)

(Oberg and Fink, 1995) 20 24

Factor Analysis / RMR
(Baumruk et al., 1996) 58 1 19
Electron Diffraction 77 0 2

Curve Fitting
Wilder et al. 1992 (20.6) 59.2  19.7 (20.6)

crystal structure 0 56 20 24
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Properties of the RaSP50 set:
HE Space & Secondary Structure
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Topology (/10)

a-helix

Helix Sheet
Mix
(C=3)

Archetecture

B-sheet

(C=4)
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Example: Bacteriorhodopsin
B n

Method % a-helix % P-sheet 9% turn
crystal structure {7 0 2

FSD and curve fitting
(Cabiaux et al., 1989)

FSD, deriv. & curve fitting
(Oberg and Fink, 1995)

Factor Analysis / RMR
(Baumruk et al., 1996)

Partial Least Squares
TF-ATR, 32 proteins

RaSP (PLS, TF-ATR) 75 11

o1 18 21

52 21 19

58 1 18

67 10
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The use of Hybrid IR-CD Spectra

.
Bovine ////// \\\\ /N
D N g/ \
Human
0 | 50\ 1od 150\ 200 250 BOd
RaSP Units

State Data a-Helix B-Sheet

Native IR
Native CD
Native IR+CD

Native Actual

A IR
A CD
A IR+CD

Human a-lactalbumin (in RasP) Bovine a-lactalbumin (Not in RasP)

35.9
25.3
29.0
30.1

48.9
42.2
43.8

2.9
11.5
4.0
6.5

1.6
7.4
0.0

Turn
15.1
12.6
17.5
18.7

15.7
12.3
15.7

Other
42.9
39.8
46.6
44.7

33.7
37.5
41.9

a-Helix B-Sheet

31.0
26.1
27.6
30.6

39.0
29.3
31.9

13.4
14.2
11.9

6.5

4.2
141
1.6

Turn
14.3
12.9
16.0
15.9

15.9
12.9
17.0

Other
40.3
39.1
43.2
47.1

40.0
425 MEDICAL=
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The Performance of the Rasp50 Set
IN Secondary Structure Analysis

- 4
2 .
5. o-helix . B-sheet .
5 RMS RMS
o 101
s . Data ernor  Couset  €MON  Coupset
N ~ |ARCDg| <6%
5 - IRalone 482 424 719 265
S CDalone 446 458 762 250
? . IRtCD 446 459 626 304
0 \ \ \ \ _ |ARCD>6%
IRalone 859 278 690 244
0 CDalone 960 249 1026 164
5 15| IRtCD 654 366 694 243
5 1) max(CDIIR) 677 353 6.76 250
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&£ - € RaSP analysis accuracy
Q 15 .
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Cluster Analysis
- 4

- B garosgo0
— TIK 2.80.10.30
TIP 3.100.30.10
CTG 2.40.80.20
GAS NE
1
1
]
1
]
I L——— TGN 2.40.80.20
| — RNA 3.10.130.10
PGN 2.170.10.10
‘{E SOD  2.80.40.200
PEP  2.170.10.10
RIC 2.80.i0-.
= NON 2:20.30.10
SBC  3140.326.190
PLA 1.20.90.1
PAP 3.10.160.10
UOX 3.30.560.10
UB 3110.20.40
CY 1.10.370.10
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OpticalsSpectroscopy for '
Determining Secondary
Structural Equivalence
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Curve-Fitting of FTIR Spectra
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FiGure 2. Comparison of the interleukin-18 amide I (1600-1700
cm-'yand 11 {1 5001600 cm~') bands from ATR-FTIR after Fourier
sell-deconvolution (FSD) resolution enhancement. [B is theinclusion
body, FA is folding aggregate, TA is thermal aggregate, K97TV:N is
native K97V, and wt:N is native wild type. The major peak (1625
or 1637 em™!) corresponds to S-sheet or extended structure,

K97V: FA

K97V: TA

wi: N

1700 1680 1660 1640 1620 1600
WAVENUMBER

Figure 3: Interleukin-18 amide | curve-fitspectra from ATR-FTIR
spectra showing the individual amide I components. IB is inclusion
body, FA is folding aggregate, TA is thermal aggregate, and N is
native. Reconstructed spectra are superimposed on original data; the |
fits were such that it is difficult to distinguish the twa,




Difference Spectroscopy for

Determining Structural Equivalence:
- B 4

& Conformational comparison
& Stability comparison

& |dentification of gross and subtle
conformational differences

& Comparison of formulations
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FTIR Difference Spectroscopy

Absorbance
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FTIR Difference Spectroscopy

- 4

1700 1650 1600 1550 1500
Wavenumber

FIG. 11. Spectra of apomyoglobin with a “totally absorbing™ coso-
lute, urea. The solutions used for this experiment would have been
opaque in a transmission IR experiment. (Top) 8 M Urea with the
water signal subtracted, (middle) protein signal from apomyoglobin
in 8 M urea, (bottom) protein signal from extensively aggregated
apomyoglobin in 2 M urea solution. The urea and H,0 signals have
been subtracted from the apomyoglobin spectra.

MEDICAL=

research
PRODUCTS



Difference Enhancement Processing
- B 4

€ Useful in measuring formulation effects
€ Second derivative overlap integral
Differentiate
Overlap integral

& Difference sharpening
structural distortion score

Normalize

Generate difference spectrum
Fourier Self-Deconvolution
Integrate |result] = score
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Formulation Effects on Structure
- B s 4

Normalized Absorbance

1740 1720 1700 1680 1660 1640 1620 1600 1580 1560 1540 1520 15

00
Wavenumber (cm-1) PEEEE%ArIﬁT

PRODUCTS




Formulation Effects on Structure
- B 000 B
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Structural Distortion and Shelf Life

Distortion Score
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Conclusions
B B s

A broad range of low resolution optical
spectroscopies are available that can probe a
broad range of structure ensembles

Optical techniques are rapid and reproducible,
but do not stand alone

Optical techniqgues can play role in the earliest
stages of development

Optical techniques are useful screens in
troubleshooting development issues

Optical spectroscopy can be useful on complex

mixtures and physical states MEDICALS
researeh
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