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SpecTROSCOpY =
Study of the interaction of light with matter

Marter = Characterized by energy levels
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How?  With light
Light - Photon particles
Each photon — E _he h: Planc_k conslt.
A c: Velocity of light
UV-visible Light: Infrared Light:
200 - 750 nm 750 hm - 50 um
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Spectroscopic TechniQues
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> Absorprion Spectroscopy =

Samplc

lo(W) I(\)

Incident light Transmitted light

Absorbance:
A=log(1p/1)

Varying L — Absorption spectrum

A

ANIAN

Ay Aoy A

Therefore, Sample must be transparent L.

> Photoacoustic Spectroscopy

. ) ) UV —visible — electr.transitions
- Same kind of information {° _ .
infrared— vibrat.transitions

- Opaque samples

Photoacoustic Effect -

A.G. Bell, "The production of sound by radiant energy"
Phil. Mag. 11, 510 (1861)
Rosencwaig and Gersho, Applications to soiids ("70s)




Phoroacoustic Effect =

Modulated light
Window 3 3 (N) JUL

\\\

Gas

[~ Sample

/
Microphone

FPhotoacoustic Cell

Process:
Absorption of light by sample (L)
d

Sample is heated periodically

\

Heat is transmitted to the gas

{

Periodically oscilation of pressure

¢

Acoustic wave detected by microphone

More absorption = Larger signal from microphone

Varying L = "Absorption Spectrum"”
More.... Depth profile
i

! o
Sample: TN

Fhase lag between surface and inner
sighals




One dimensional Model

SAMFLE GAS WIND OW

Feriodic
Optical K ]
Absarption Moduiated Light
Mg e——m»

Heat
Generation

Heat |Layer of Ges| Sound

Eeaches Heated Wave
Interface| Feriodically |Generstion
U o« =

Lt Detection by
Microphone

ug: Optical Absorption Length of Sample
i : Thermal Diffusion Length of Sample
Mg : Thermal Diffusion Length of Gas

@ Modulated Incident light
I
=_0
linc(t) 2(l+cosa).t)

o = 27nf f~10 Hz —»> 1 KHz

2] Absorption

(0=, exp(-4%)

B(L): Absorption Coefficient Hy=

=1.
in

1

SAMPLE GAS

|imr:

] Light

X — Ry

Light Absorbed: |

abs = Iinc - iince'ﬁx

Light Absorbed in dx: Alaps = Blip.eBxdx

I




® De-excitation Paths

Processes:

- Fluorescence Decay

- Heat Generation ——————— Contribute to FAS

- Photochemical Process —» May contribute to FAS

— o

U‘

T 1
Noh-radiative decay (Heat)

Abso rption
Fluorescence

— 5,

Heat generated in dx:
I
dH (x)= 77,6’"2£U+ cos wt e P dx

n: quantum yield for the conversion of the excitation energy
into heat

O Heat conduction in the sample
G*T 18T 1 dH

Ox* a Ot K dx

where T: temperature of sample

Thermal diffusion equation:

K: thermal conductivity of sample
a: thermal diffusivity of sample
g= X p: density of sample
pe c: specific heat of sample

Solution of thermal diffusion equation:

heat waves

Amplitude ocex/n

T(x )=
(x) {Phase lag ocx/p T

: thermal diffusion length

2«
H= B X
W




Thermal diffusion
Density p Specific heat € Thermal Conductivity Thermal Diftusivity Length at 100 Hz
Substance G/cm’) (/g0 seal/emsec*C)  ame/pC(cm?/sec) H={2a/w)'(cm)
Aluminum 27 0216 48x)0-! 0.82 5.0x10-2
Stainless stee) 7.5 0.12 3Ix10-? ITx 10" Lix)0-?
Brass 83 0.089 2.6x10-! 0.34 Yixpo-?
KCl crysual 20 0.21 2.2%10-? 52x107? 13x]0-1
Crown glass 24 0.16 25x10°? 60x10-? 4.4x0-?
Quartz 266 0.188 2.2x167? 44xi0"? 3.7x107?
Rubber : 1.12 0.15 37x)04 94x10°* 1.7%10°?
Polyethylene 0.92 0.55 5x1p-4 9.9%x 0" 1.8x10-?
Walter 1.00 .00 tdx10-? 1.4x)0"? 2.1x10-?
Ethyl alcohol 079 0.60 4.2x)6°4 B9x|o-+ LIxt0~?
Chloroform 1.53 on 29x104 Bax1o-* 1.6x107?
Adr 1.29x10-? 0.24 $.Tx10°* 0.19 25x10"?

Helium 1.80x0-* £25 Jdax10-* 1.52 T0x10-2
Source: Rosencwaig, 1978,




©Heat conduction in the gas

6*T y 0T
Thermal diffusion equation: £ = g

Ox* o ot
g

where Tg: temperature of gas

ag4: thermal diffusivity of gas

Boundary conditions at sample-gas interface:
- Temperature — T(interfit)=T y(interft)

. FT (interf 1)
- Heat flux —» x O (intert 1) = K &

Ox £ Ox

SOLUTION:
Tg (x) o GXP(“X/},Lg)

R

@ ldeal Gas
<pg(l‘)>oc.[f_ 7;,()5,{) dx = Mic. Signal

Mic. Signal — Amplitude S
Phase shift §

@ FPAS Signal
® n<up = condition to have a spectroscopic tool
So(h) ¢ B(A).1o(R)
< Problem |
® u>up = saturation (black body)
Sp(X) o I,(A) (independent of 3)

S
PAS=_3

SR
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EQuipmEnT

Choppcr
Monochrom. )
Fhotoacoustic
O—> Cell
Light
Source
. Lock-in
Driver Amplifier

Microcomputer

* Light Source: UV-Visible — Xe Lamp (400-1000 W)
Lasers

Infrared — Globar
e Monochromator — Holographic gratings

° Choppcr —>

® Lock-in Amplifier — amplifies signal with the chopper
frequency
® Photoacoustic Cell — detector:
microphone

pyroelectric material
Modulated Light

H /Sampls

VDm —Fyroelectric Material
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Deprh Protile

Light
U (!)1 < 0)2
Bl \ Iu(mz)
[32 “B ’“‘(ml)

e Different modulation frequencies K
W1 —> upper + lower layers spectrum H= wpe
w2 — upper layer spectrum

¢ Phase resolved measurements
Delay of the interior signal from surface signal —
phase lag

Y upper S

T
lower

- Y: Upper Layer X: Lower Layer
aspectrum spectrum




Depth Profile of B-carovene in Skin
D.M. Anjo and T.A. Moore
Photochem. Phorobiol. 39, 639 (1984)

Mouse fed with B-carotene = Skin from ear

Gpidcrmiﬁ

capillaries

Figure 3 (a) Two vector model of PAS response ai one discrete wavelength, surface vector 1s 8 and

menor veelor 15 b absolute magmtude is A. (b) Phase (- - -) and magmude {_) specira of the

pely tmethvimethacrylate) model recorded at 156 Hz (c} The phase lead 1s increased until vector a 18

ehminated irom the cosine projection. generaling a pure intenor stgnal. (d) The phase separaled imenor

spectrum of the madel showing the hemopiobin spectrum. {e) The phase jead 15 decreased until the b

component 15 elimiated from the sine proiection. penerating a pure surface signal (f) The phase
separated spectrum of the surface component B-carotene
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PeneTration of Sunscreen iInto Human Skin
K. Giese, A. Nicolaus, B. Sennhenn and K. Kolmel
Can. J. Phys. 64, 1139 (1986)

In vivo measurements = Open-ended cell
Sunscreen applied to the skin of the forearm (inner part)
Forearm pressed to the cell rim
In stratum corneum = p=10 um at 180 Hz
4 um at 1200 Hz

1 T T

Eusolex 6300

Relative pa signel (o u)

250 300 350 LG0

—= Waveiength inm}

Fic. 4 Photoacoustic (pa) absorption specua of Euselex 6300
and Ewsolex 8020, measured 1n vive at a chopping frequency of
1200 Hz. The difierences between the signals of treated and untreated
skin are piotied

OST {\ |
oo . s 120C Mz

application of 05 ugrem?
| Eusolex 8020

Relative pa signel fa.u}

-

|

k n I |

o 2 i 6 B
B —— "Time (h)

0

Fic. 3. Time dependence of the photoacoustic (palin vive signal
of stratum corneum atter topical applicat:on of Eusolex 8020 1n 1so-
propanolic solution (wavelength = 350 nm. a.y —arbitrary unus).

N > e S
SUNSLTEET peﬂdﬂ‘r’fh’l% Shrafun, corneom .
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InFrared Absorprion SpecTRoscopy

Applicarions:
Protein - Secondary structure determination
Nucieic Acids - Overall structure and interaction with
small molecules (intercalating drugs or metal ions)
Lipids in Membranes - Phase transitions
Dynamics of reactions - time-resolved spectroscopy

Difficulty for Biological Samples:
Strong absorption of water molecules

IMpROVEMENTS:
FT-IR =

based on the Michelson interferometer
fast Fourier transform algorithm

Mathematical Calculations =
- spectral subtraction of the water bands

- deconvolution or [ To resolve the
aerivation of the spectrum < multicomponent
- curve fitting bands

Sampling Techniques =
- Transmission
- attenuated total reflectance (ATR)

- IR microscopy

- linear dichroism



> Dispersive INSTRUMENT =

Monochr. Detector

lﬂrll
(]

IR s=source Sample

Absorbance: A = log(1p/t)
> FT-IR INSTRUMENT —

Michelson Interferometer -

Fixed | ]
Mirror { Mouvabie
Mirror

d

sample Y Y —
1 F: PR ] [l | [l |
I 1)
L A i - L] Ld

Detector Beam \ A ; 77
Splitter I(v)

IKd :
L~ (d) [N\ az4 ey
/ =
IR Source
monochr. ligh*y
( g Ny

I(d) = | cos(4nd/\)

0 = 2d : difference in path length
v="1/k
1(8) = | cos(2ndV)



For a polychromatic source:

(8) = jj:I(u) cos(2 v8) dv

3) = 1(v)

(V)= J_I;Qé) cos(2 o) db

Get I(v) and get | (v) — Obtain | /|

Absorbance: A = log(lp/)

Resolution - determined by the distance the mirror
moves (d)
Truncation of the integral

> Advantages of FT-IR

- No need to scan — greater S/N ratio in the same
acquisition time

- No need of slits (defined resolution)

- Better frequency calibration (internal laser reference
is used)



> Sampling Technioues

- Cells, windows, pellets
Material: CaF,, BaF,, ZnSe, IRTRAN, KBr. AgCl
For solutions in water = very thin cells (< 10 um)

- Attenuated Total Reflectance (ATR)
Good for film=

total
reflection

Film
Light I /J = /-}/;1

/

(

element with high
refractive index (Ge, ZnSe)

(used to study membranes)

- IR microscopy
Good for crystals

- Linear dichroism
Good for oriented samples

Blarized
v LEq Sample
light | _
/
E;

(used to study orientation of helix in membrane-
associated proteins)



> Theorerical Background =

IR spectroscopy - vibrational frequencies

CLASSICAL DESCRIPTION:

e (o)
k

AN dheymical bond

f=— | = U: reduced mass

QUANTUM MECHANICAL;
Selection rules:
1) Vibrational transitions -

weak due to small

* population overtone
\T . —,T—— 2
AE\ . 1 —_— 1
0 0
An=1 An=2
2) Dipole moment must change during vibration 5t -
N\
/C =0
Classification of vibrations = =

- Stretching = involves changes in bond lengths
- Bending = involves changes in bond angles

™% &% ™o ™%
symmetric ' e R o

stretchin antisymmetric bendin .
J stretching d hending

Yy Vs 8



Group FREQUENCiES =
frequencies characteristic of chemical groups
Example: -CHy- = v, = 2850 cm’
However -> group frequencies are affected by inter or intra-
molecular interactions
Example, in proteins YC=0 ---- H-N{
v, { a-helix, B-sheet
Band AsSiGNMENT =
* Normal Mode Analysis:

Biological Molecules = too complex

* Problem of Aogueous SoluTrions:

H,0O 0,0
v, 5920 cm™ (sh) 2900 cm™ (sh)
3490 2540 Too strong
Saturates
5280 2450 detector
v, 2125 1555
0 1645 1215

J.R.L. Arrondo et al. (1993)

For proteins = Use thin samples in H,0 or use D,0



> PROTEINS =
Feptide Bond:

Amide group vibrations —

In plane: Ve_o, Ve Viens Oocns e

Out of plane: Tqy, Oc_p, On.n

N
Model System — N-methylacetamide H3C/ |
(normal mode calculations) H

observed

cm’

Amide A 3236 (5) vy, (100%)
+Amide B
Amide | 1653 (S) Ve (83%) + Ve + Soen
1967 (S) Oy (49%) + Ve (33%) + ey +
Vee + Ve
1299 (M) 0y (B52%) + Ve (14%) + Ve +
Oocn
v 725 (9) On + Ten
Vi 000 (M) Ocp + Ton

J. Bandekar (1992)



AssigNMENT of Bands 1o Secondary STRUCTURE
Guided by: theoretical calculations and

spectra-structure correlations for peptides and
proteins of known structure

Most of the work uses the Amide | band (sometimes also de
Amide 1)

Homopolypeptides — often purely a-helical or B-sheet or

1 o |
| 2 |
H I |
a I b 1 o i
z | |> . - sheeL canrormation I :
E / | b I !
l * ! ' .
Pl | : L .
Hevcal comtormanon | ‘, | i o .
h ! L owy .
! ! ' PoE ;
/ 1 Loe ' '
S pos ! {
| @ [ . ;
u: 1

ADsorbonce
L |
T L
Q’o

P.l. Haris & D. Chapman (1995)

1880 <o
1680

1638
1610
——z

1800 1706 1850 1800
wavenumeer tem™) !
wavenumoer (cm-')

FIGURE I FTIR absortance (atand second-derative i by SPECtra of poiv-1 -lvsine in ague-

wus solption *H:O) recorded in 11y a-helical and Li-sheel contormauons. The spectra were
recorded at 20°C.

Amide | frequency for different secondary structures —»
polypeptides # proteins

Proteins — mixture of different amino acide — different

strength of hydrogen bonding within the
secondary structures
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e Protein Structure and Amide | Frequenc

-1

Structure cm
antiparallel B-sheet or 1675-1692
aggregated strands

3,0-helix 1660-167C
o-helix 16485-106(
unordered 1040-164¢
B-sheet 1625-164(
aggregated strands 1610-162€E

M. Jackson & H.H. Mantsch (1995)

Caution in Assignment —
Myoglobin - predominantly a-helical
IR spectrum - Amide | maximum at 1€
shoulder at 1632 cm™ —
Most probably turns

FProtein — mixture of different secondary
Amide |: overlapping bands from differer: -



Darta Processing =
> Difference Spectrescopy

5,=5,~ kS,

- Subtraction of water spectrum (or buffer)
water bands: remove band at 2125 cm’
flat baseline 1900-1720 cm™
deuterium bands: remove band at 1220 cm’
flat baseline 2100-1730 cm’’
- Study of small changes in conformation of biological
molecules

> Fourier Deconvolution
To resolve the multicomponent Amide | band

Profile of IR band — Lorentzian function

A(v=A __ ¥
1= ¥ +(v- UO)2

d Cos Fourier transform

I(x)= Z[A(V)]= [ A(v)cos2rvx)dv = %05(2 U, X)e X

AR O

l._
[ [ W
J

k9 z




A {\ ! I ()
J |
- } — N
.e, ,\
_,/r/ J__J 1\ |
i -~ x
A O

In Practice =
Get absorbance spectrum: A(V)

I(x)=7Z[A(V)]
I'(X) =1(x)e*7*D(x) 7Y has to be estimated

truncation

ZH{I(X)} = A (V) « Narrower Bands
One gete - number of bands and their position

Problem - degradation of S/N ratio



> Derivative
(2" or 4*M)

2nd derivative

spectrum

One obtains: number of bands and their position
Problem — degradation of S/N ratio

Quanrtilying The Secondary StrucTures

> Curve Fitting
- Fit Lorentzian (or Gaussian) bands to original
spectrum or to deconvolved spectrum

Position and number of bands — given by derivative or
deconvolution

Adjust height and width

- Correlate position of bands to different secondary
structures

- Amounts of different structures — from area under

the bands (Assumption: same molar absorptivity for
the different bandslil)



IR SpecTra of PROTEiNS iN Solution and Crystalline Forms

J.M. Hadden, D. Chapman & D.C. Lee
Biochim. Biophys. Acra 1248, 117 (1992)

For solution:
Conc.: 50 mg protein/mlin phosphate buffer (pH 7.0)

¢ =0 pum

For crystals:
Area: from 10 pm x 10 pm to 50 um x 50 pm

Kept in presence of mother liguor

Hen Egg White Lysozyme Bovine Pancreatic Ribonuclease A

AT
3°AlI3 3

[l
-
0
-

" 1547

5 3 E

=

800 17l50 11:00 1650 1600 1550 1500 1800 1750 1700 1850 1600 1550 1500
1

-1
Wavenumber {cm) Wavenumber (cm™)

Fig. 3. Second-denvative infrared spectra recorded from a solution (rop
trace) and a single crystal (bottom trace) of bovine pancreauc ribo-
nuclease A

Fig. 2. Second-derivative infrared spectra recorded from a solution (top
trace) and a siogle crystal (bottom trace) of hen egg white lvsozryme.

Solution and crystal structures  Small difference ~ 1659 cm’

are very similar Structures are similar
(predominance of a-helix) (predominance of B-sheet)
Table 2
Pratein  Crystal (em™!) Solution (¢m ')
Absorbance spectrs  Second-derivative spectra Difference spectra Second-derivative specira
Am | Am II PB-sheet  rturns  a-helix /random  B-sheet AmI  AmIl  SBshest wms  a-helix /random  S-sheet
LYS 1656 1545 1691 1675 1657 - 1657 1545 1689 1676 1657 -
RNa 1642 1547 1683 1666 - 1640 1641 1548 1689 1668 1659 1641
GC 1642 1549 1688 - 1633 (3,07 1633 1638 1547 1685 - 1661 {3,537 1633
SAPC 1640 1557 1688 1668 1652 1636 1635 1550 1687 - 1655 1634
END 1650 1545 1688 - 1663 (3,,)? 1637 1641 1548 1690 1673 1663 (3;,)7 1640
MUC 1646 1544 1685 - 1661 (3,4 )? 1641 1643 1529 1688 1676 1658 1642

Band assignments in protein solution and crystal spectra.



Serum Amyloid P Component

A/

1800 1750 1700 1650 16800 1550 1500

Wavenumber (cm’™)

Fig. 5. Second-derivative infrared spectre recorded from a solution (top
trace) and a single crystal (bottom trace) of human serum amyloid P
component.

Differences: = 1668 cm™ (turns)
reduced o-helical content in

crystal
(predominance of B-sheet)

Endothia Farasitica Pepsin

A/

63
1
1517

1800 1750 1700 1650 1800 1550 1500
Wavenumber (cm™)

Fig. 6. Second-derivative infrared spectra recorded from & solution (top
tracc} and a single crystal (bottom trace) of Endovhia parasitica pepsin.

Small difference = 1673 cm’
(turns)

(predominance of B-sheet)
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Raman Spectroscopy

Applicarions:
Protein and Nucieic Acids
- Conformational analysis
- Probe specific reaction sites

- Dynamics of biological processes (time-
resolved mode)

LimitaTion:
Interference from fluorescence
However:
Good for agueous samples (Raman
scattering of water is very weak)

IMpROVEMENTS:

FT-Raman

New lasers (in special in the UV) and new detectors

Mathematical Calculations =

- deconvolution or J Te resolve the

bands

derivation of the spectrum l multicomponent

- curve fitting

AN ey



The Raman Effecr:
Rayleigh scattering

incident A s
light g 2
v c’gpi'o i -
0 V A \\_‘. "..—_' “.-
vibrational UIo t Uy

mode .
Raman scattering

> No vibration of motecu.e =
Electron cloud osciilation induced by exciting electromagnetic
field — oscillating dipole moment is created:

iu=aE polarizability

electron

n ®9U9 cloud

_—

E

Charge is accelerating — radiation of electromagnetic waves
with frequency v, — elastic or Rayleigh scattering

o> With vibration of molecule =
Coupiing

. electron cloud oscillation electron cloud oscillation

\\ induced by exciting induced by nuclear

\ electromagnetic field
\ bo ~
\/

Coupling of the two oscillations — beat oscillations at v, £ v,

vibrational motion

— radiation of electromagnetic waves with frequencies
U, + Ly, and v, - v, —> inelastic or Raman scattering



Raman Scarrering INToNSITY:
I o 0tl (Aa)?

v frequency of scattered light

l: intensity of incident light

Aai: change in polarizability induced by the vibrational
transition

Change in Polarizability
CLASSICAL FRAMEWORK =
e Electric field of incident light:
E=E cos(2muyy)
¢ Interaction of E with molecule — induced dipole moment

u(t) = a(q)E
q: nuclear coordenate — g = Acos(2rv t + 0)

¢ Polarizability must change with vibration !l

a{q): expansion in a Taylor series
a(q)=a,+ (é—a)0q+
q

Therefore:

oo

ut)=|a ot Acos(2 O+ 0)

0

E,cos(2ruyt)

-

- a,E, cos(2u,0) +%

TN

é’a} EOACOSPJZ( v, =V, )I+ §]+
0

W_———"”—’
Rayleigh Raman

1 &
+5 \C’;}OEOACOSPZ( v, + UVJI+ 5}

——
Raman

I vibration doesn’t change polarizability — no Raman effect




QUANTUM MECHANICAL VIEW

Stokes Anti-Stokes

- Virtual
i level

Vibrational
hv levels 4 Lhv

hv = hv, - hv, hv = hv,- hv,’

<< |

|anti—5tok55 Stokes

Population of vibrational energy levels:

N,
hv

No

Boltzmann distribution:
— —ho/kT —
Nl _Noe v ho =hco

U wavenumber

L M1
At 300 K and for U = 900 cm™ — Q=
anator em I N 100

S 0




Resonance Raman =

————— electronic level

hUO h1)1

Vibrational | fundamental
hy levels electronic level

Molecule is excited with v, and there is an electronic transition
(or, in other words, molecule absorbs lignt) — v, is a natural

frequency of oscillation of the electron cloud
Excitation at these frequenciee — Resonance Raman

Exciting with v, = increased oscillating charge displacement —

increased induced dipole moment — increase scattering

Enhancement Factor - up to 10°

Excitation of specific regions of molecule —
* visible light - cromophores (heme group, retinal)
* UV light - bases of DNA and RNA (= 260 nm)
Tir, Trp, Phe (= 2860 nm)
peptide bond (= 190 nm)



PROBLEM IN RESONARNCE RAMAN = Fluorescence

Fluorescence signal >> Raman signal

Fluorescence obscures Raman signal

SOLUTION - Use another laser line

electronic level 2

electr level 1

red req |Fiuor. blue Fluor.

red blue red

T sy electr teve!l 0 T_ N




Eouipment =

monuchromator detector

|
lens
iy 2@»
laser samplc
Lasers —
o CW lasers
Ar: 514, 468, 458 nm
He-Cd : 442 nm

e Fulsed lasers
Nd-YAG : 1064 nm

- Using crystal (KTP, BBO, ...):
Overtones - 2" 532 nm
3% 355 nm
4%, 266 nm

Mix - 355 nm and 532 — 213 nm

- Using dye lasers:

5b5 nm —  |Coumarin| — 420-460 nm

- Using Raman shifter:

H, at high pressure

H-H stretching frequency: 4155 cm’

Anti-Stokes lines
355 nm — H, ->» 430, 309, 320 nm
200 nm —» — 240, 218, 200 nm

UV LASERS [ 1]

T
H R



Sample Handling —

90° geometry Backscattering
geometry
+ A ~a ]/
-

N

PROBLEM (mostly in Resonance Ramany): laser intensity

May cause: photodegradation

heating
For solutions:
o freeze
e rotate
o flow through a capillary or as a liquid jet — needs a lot
of material
e stir

For crystals, films and powders: Freeze

Monochromator — usually double or triple

I
Raman —]1()~6 —] 0—9
IRayleigh

Detector —
photomultiplier
diode array
CCD (charge coupled device)



Modcl System for Proteins = N-methylacetamide
ATTENTION: Intensity of bands may vary for different laser lines

Position of bands doesn’t change

CCystr 476.5nm
+ N-me ro.

{a)

C.CN def.
+ (E=0 ipb

C-mesd N-mero
N-me s.d +NC, str.
medd. ¢

“u

Amide 111 257.3 am

Amide [

Amide TV

FARUS WOUNY VD N S S T S SN SR AT SN AN S VA B
t500 1000 500

Wovenumber /s ¢m’

. Harada & H. Takeuchi (1986)

e}

Same as in IR spectroscopy — vibrational bands
However some modes may be active for IR and not for Raman,
and vice-versa (different selection rules)
IR = intense bands if vibrational motion changes electric dipole
moment of the group (N-H, O-H, C=0)
RAMAN = intense bands if vibrational motion changes

polarizability of the group (C=C, C-C)



> Proteins and Polypeprides —
® Amide | and Il — related to protein conformation
Drawback — low intensity of Amide | band
Mathematical methods:
Fourier deconvolution

Curve fitting

§ & 8

MOLAR ABSORPTIVITIESIM cm'|

WG 200 %0 730 5 740 7%
WAVELENGTH[nm|

Figure 1. UV absorption spectra of aqueous solutions of poly(L-lysine)
and an cnergy levei diagram showing the ciectronic transitions.” g-sheet,
pH = 11.2, 52 °C. Random coil, pH = 4.1, 25 °C. a—helix, pH = 11.0,
25 °C.

A AANDOM COIL
o

Z.
4? st
/_,':::uw
L‘ka
~ 165 )mu

AAMAN INTENSITY
= __
3
ﬁ}m’?
_.¥ 1338
s

800 1200 600
WAVENUMBERS /crm™
Figure . Raman spectra of PGA {011 mM) in water at 218-nm ex-
cuation, with NaClQ, (0.2 M). The 932-cm™ band derives from C1O,”
stretching. (A) random coil form, pH = 10.0, 25 °C; (B} a-helix form,
pH = 4.3, 25 °C; {C) g-sheet Torm, pH = 4.3, 95 °C.

©.%0ng & S.A. Asher (1989)
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H.Susi & M. Byler (1988)

Fourier deconvolution of Amide | Raman band of preteins

Laser line - 514.5 nm, 250 mwW

\

convolved a

o [ ]

1 840
ad curve-fitted amide [ Haman bands: (A) ribonuciease A; {B) lysozyme; (C) 4-lactoglobulin; (D) 8-casein.

1 080 1 800

0. 400
H

TI0

1 00 1 880

Characteristic Amide | Frequencies (cm™)

B-strands Helix | Undefined Turns

1032 1072 1056 | 1001 1063 1669 1096
Estimation of Frotein Conformation

% HELIX % B-STRAND % OTHER
PROTEIN |Ram | IR x ray | Ram | K x ray | Ram | IR X ray
Ribonucl. |21 21 22 |BO (50 |46 |29 |29 |32
Lysozyme |45 |41 45 |25 |21 |19 |32 |38 |36
B-lactogl. |10 110 |7 54 |50 |51 |36 40 |42
B-casein |7 |7 - 19 |21 |- 74 72 -
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DN A de forma B

Solugaoc C,5 M HaCl

PR , -
PCliicic=CiJercis (8{r=-C))

R SO R T, o e



Excit. 266 nm
Tempo de Aquisicio:

< 30 min.
1500 _ < |
DNA B
éa aﬁ

DNA Z J

S
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Raman Spectroscopy of kuman lens lipid membranes

D. Borchman er al.
Current Fye Research 511 (1997)

Studies on structural features in the membranes of epithelium,
cortex and nucleus of human lens

Importance: changes in lipid composition in human lens with age
and cataract

Excitation: 1.004 um
CH, stretching band and lipid order =

l
28860 + order parameter

|285O
higher ratio — more ordered lipids

AY

Figure /. F1-Raman spectra of CH, stretching region for a typical lens
lipid completely disordered in chlorotorm (solid) and for anhydrous
dipalmiioylphospatidylcholine (dashed? tn its completely ordered

2900 2850 2800  sue.
Raman Shift (enrl)

For the lens lipids =

‘Ii
E /\\“‘.‘ ,
" {/ ; ~-‘,‘!‘\\L CH, stretching:
i)/ . ,‘\\\ e epithelium lipids are
\' ~ .
.ii)// /\\\\\*-— C more disordered than
wy/ /—//\“\\ r cortex and nucleus lipids
AL e
v}/ /,,—_/ \
L/ e
i) | Fieure 2. FTRaman spectra a) CH stretching region and by C-C
N acousuc stretching region of human lens I'oids completeiy disordered
A in chioroform: 1) epithelium: ii) conex: iii) nucieus, and in 5 mM
2900 2850 2800 HEPES buffer (pH 7.4, 100 mM KCD: iv} epithetium; v) comex;

vil nucleus.

Raman Shift (cm1)




C-C stretching:

Bands at 1063 and 1128 cm™ — C-C in all trans

conformation

b)

i)
ii)

iii)

>

108477

iv)

r90

911

¥)

> 0N

¥i)

1200 1160 100
Raman Shift (cm-h

Bands for epithelium lipids are
smaller — less all trans
conformation — more
disorder

Digorder in human lens lipids from the epithelium due to high
phosphatidylcholine to sphingomyelin ratio

All calcium pumps, critical to clarity of human lens, are located in

the epithelium

A disordered matrix may be essential for calcium pump activity

Ih cataractous lenses — lower calcium pump activity

R ey



Raman Studies on The InTeracTion of Trehalose with Hen Egg
White Lysozyme

P.S. Belron & A.M. Gil

Biopolymers 74, 927 (1994)

Trehalose - a disaccharide found in resurrection plants — found
in deserts in South America subjected to high
temperatures (up to 60°C) and extremely dry
conditions

- is believed to be responsible for protection of plants
against effects of heat and dehydration

Study: dried mixture of Trehalose and lysozyme compared to
dried lysozyme

Raman spectra = Excitation 1064 nm

Trehalose — no band in

| 1700-1500 cm’
S TNV

region

3500 3000 =0 2000 500 e 0
Raman Shuft om |
Figure 1. FT Raman spectra of (a) trehalose dihvdrate,

thdry Ivsozvme powder, and [¢idry lvsozvme /trehalose
1: 10 powder. ) l



Amide | and Il regions =

‘.j/&’\/A
] ’

i . : ;
50 1700 1650 1600 550

Baman Shift an’

1

Figure 2. Expansions of the 1750-1550 cm ™' regions of

the FT Raman spectra of (a) lygo. powder and
(b) dry lysozyme/trehalose 1 : 10 powder.

}I\_,,/:\\\,J
G
J

1750 1700 331} 1689 1559
RARRR SHIFT CH-1

Figure 3. FT Raman spectra of hydrated samples of
fa) lysozvme. 20% water and (h) lvsozvme /trehalose
1:10,18% water at 4 ¢m™ . and at {¢} 8 em ! resolution.

Hypothesis:

Narrower bands in
mixture —

conformational changes
in lysozyme

Water causes similar
conformational

changes

in solution sugar is excluded from proximity of protein by

water

As system dries water concentrates at protein/sugar
interface and is trapped there by glass formation

e



Raman Study of ButyrylcholinesTerase
D. Astanian, P. Grof, F. Renaulr & P. Masson
Biochim. Biophys. Acta 1249, 37 (1997)

Human butylrylcholinesterase (BuChE):
- Native state
- Conjugated with organophosphates

Studies of:
- secondary structure - Amide | band

- vibrations of aromatic groups

BUChE- 574 amino acids (39 phe, 20 tyr, 18 trp)
- present in human plasma
- main target of organophosphorous inseticides,
pesticides and nerve agents
Used: paroxan
DFP (diisopropylphosphofiuoridate)
50man i s \;
—> enzyme cannot be reactivated - “aged” BuChk

Samples: 15 mg/ml in Tris buffer pH 7.5, temperature 10°C
Excitation: 5145 nm, 150 mW

Raman Spectra
* Trp vibration = 1260 cm’
- sharp peak when trp buried in hydrophobic
environment
- low intensity when trp is in hydrophilic
environment {as in native BuChk)

DFP-BuChE and Soman-BuChE — trp in a more hydrophobic
environment

T A R e R T



e Secondary struccure
- Subtraction of aromatic amino acid contributions in

Amide | region

“aged” BuChE — decrease in a-helix

increase in B-sheets
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In Vivo Studies in Plant Photosynthesis
H. Vargas 1. al.
Meas. Sci. Techwol. 3, 931 (1992)

hCOz + HHzo = (CHzo)n +I’102
J

carbohydrate

Photoacoustic Signal:

(1) Photothermal contribution (non-radiative de-excitation
process)

(2) Photobaric contribution (oxygen evolution)

(3) Photochemical loss (energy storage) (2)>(3)

+ non-modulated white light — saturation of the
photosynthetic apparatus

Low modulation frequency — PAS = (1)+(2)-(3)
+ white light — PAS = (1) = Negative Effect

High modulation f.equency — PAS = (1)-(3)
slow O, diffusion
+ white light — PAS = (1) = Positive Effect

Corn Leaf : In situ measurements
Soybean Leaf : In situ and detached measurements
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Figure 3. Effect of background light (220 W m ~?} application on the opC signal at two
frequencies. At 19 Hz the negative effect in corn ieaf {a) and at 500 Hz the positive effect in
soybean leaf (b). We used modulated light 680 nm, 97 W m 2. These effects are related to the
measures of oxygen evolution (a) and storage energy (b).
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Electron TransFer in A Model System

M.L. Cornélio & R. Sanches
Eur. Biophys. J. 23, 432 (1995)

Interest: Photosynthesis
Molecular Electronice

S T

2
Absorb E 8 Heat H
fJ Elect Transf
61 ¥ 3 :
Flueor F Heat H’
5]
O '\i( '1\}’
Donor Acceptor
Without A = With A =
E=Hp+Fo E=H+F+H
F=FE- (H+H’)

More Electron Transfer = Less Fluoresc. (Quenching)
Electron Transfer depends on [A] 4 MODELS

More Electron Transfer = More H' = nhanced PAS
Fluoresc. U and PAS > Complementary Frocesses

Use same MODELS
He=H+H =E-F




SAMPLES:

Donor: OEF (porphyrin) [OEF] fixed
Films § Acceptor: DQ (quinone) [DQ] varied
Matrix: PMMA

Random distribution of D and A molecules

PERRIN MODEL :

R: critical radius for
electron transfer

if A inside sphere —
electron transfered

if A outside ephere — no
sphere electron transfered

Fluorescence Quenching:
F= Fo e VIA]

Expected for PAS:

FPAS

[A]



PAS signal
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Study of Provein Secondary STRUCHTURE by FT-IR/Photvoacoustic
SPECTROSCOPY

S. Luo, C-Y. F. Huang, J.F. McClelland & D.J. Graves

Analytical Biochemistry 216, 67 (1 994)

Studied: concanavalin A

— vibrational
hemoglobm IR Lighi > level
lysozyme N PE heat

Trypsin

Samples: dissolved in 1% NaCl (pH ©.5)
~ 2wl of protein solution (conc. 0.5-3 ug/W) spread on
a Teflon disk

Analysis of Amide | Band =
- Water bands subtracted
- Secondary derivative
- Curve fitting (Gaussian)

... P
1700 1880 1860 1640 "1620 1800
WAVENUMBERS {cm-~!)

FIG. 2. Infrared spectrum and caleulated curve fit spectrum of ly-
sozvme i middlel, its secondary derivative spectrum {top), and curve-
fitting result (hottom).

TABLE |

Comparison of Peak Position of Lysozvme with Different Methods

Methods Peak positions (cm '}
FT-IR/PAS 1685 1681 1677 1665 1857 1650 1641 1832 1627 1620
FT-IR(3} 1688 1680 1672 1666 1657 1630 1642 1639 1632 1627

tamani{24} 1695 1682 1671 1662 1658 1644 1633




Secondary Structure of Proteine =

TABLE 2

Comparison of Secondary Structure of Four Standard Proteins with Different Methods

Secondary structure {%)

Protein Methods a-Helix f-Sheet Turn Random Ref.
Concanavalin A FT-IR/PAS 16 58 20 6
FT-IR 8 58 16 8 3)
X-ray 3 80 22 15 (31)
CD 3-25 41-49 15-27 3-25 (34-36)
Hemoglobin FT-1R/PAS 72 10 18
FT-IR 7 12 10 (3)
X-ray 87 O T -] (31}
CD 68-75 14 15-20 9-16 (33,37
Trypain FT-IR/PAS 11 49 15 5
FT-IR 9 44 a8 9 (3}
X-ray 9 56 21 11 3L
Lvsozyme FT-IR/PAS 56 27 1€ 1
FT-IR 40 19 “y 4 {3
X-ray 45 19 23 13 31
CD 29-45 11-39 8-28 8-60 {32-38)

CAUTION:
Photoacoustic Saturation =
No linear correlation of concentration and peak height

| /
| /
|

‘r //\\\
‘ \

8

. A
i ! |
o |
Lo .
|
: I

1720 1650 1580

WAVENUMBERS (cm™')

F1G. 5. Spectra ol lvsozyme in powder form {A) and in the laver
torm LB




E.Ir Studies on The Secondary STRUCTURE of Concanavalin iN
Halogenated Alcoliols

M. Jackson & H.H. Manrsch

Biochim. Biophys. Acta 1118, 139 (1 992)

* Chioroethanol and trifuoroethanol are good solvents for
proteins and are used as membrane mimetic agent

However:

e Dielectric constant: €..mprans =
Eopr ® 2D.5
Expe, X 20.0

e Halogenated alco-ols contain potent H bond donor — dierupt
secondary structure of protein. Evidences that they induce

helical conformation in polypeptide chaine

QUESTION: Are halogenated alcohols helicogenic?

Samples:
Conc.: 10mg/ml

{ = & um for samples in alcohols
¢ =50 um for samples in D,0

1620

} - 1636

Corcanavalin a
me

fract or

ariH,CH CH

\ - 1648

—
>,
N
W el 0.C00
Ay

N

X e 03
Y
b
- 0.02E

.

N
T 0.097
170G 1675 1650 H25 1600
wavenumper, cm

N

Fig. 1. Intrarcd absorbance spectrum .n the amide I region

concanavahn A H . and “H -0) “hromocthanoi piNres

in 0.0 —

1636 cm™ — predominance
of B-sheet structure

1650 cm™' — a-helix

1625 cm™ —> interaction of B-
strand with solvent

)



Low concentration of BrEt —
increase ~ 1620 cm” —> characteristic od protein denaturation
— disruption of H bonds within some secondary structure
and formation of stronger intermolecular H bonds —
aggregation

Increasing concentration of BrEt — concanavalin A is insoluble —
Alcohol and D.0 molecules are H bonded to each other

Higher concentration of BrEt —> Amide | band maximum changes
from 16486 to 1654 cm’' (last value in pure alcohol) —» due
to decrease in deuteration of protein amide groups

Which is this new structure?

65 . . .
e Similar spectra — Helical

Myag lobin
structure present in Mb in
CIEt
. Similar to concanavalin A
il ! N (g} .
700 w5 B e s apectra —> new structure is
Wavenumber , cn” a-helical configuration

Fig. 2. infrared absorbance spectra in the amide [ region of myo-
glotin in pure chioroethanol (at and in H SO b

Similar results with other halogenated alcohols =
Helicogenicity:
2CIEt > BrEt > B3FEt > CIEt > FET

e

W :-‘;ylirﬁ'f.:l"a‘_a‘a:s.‘-‘,‘};:(_j: b e A
e ) B X




Why helicogenicity of halogenated alcohols?

e Competition of alcohol OH group to H bond to amide C=0 and
N-H groups

But concanavalin a in Et — minor changes in spectrum

e Effect of alcohol upon amino acid side chains

But effect i observed in wide variety of proteins and
homopolypeptides (polyala, polylys, ...)

o Effect due to lowering of dielectric constant of alcohol/water
mixture, reducing tendency of non-polar residues to be in
protein interior

But CIEt and Et have similar €

Hypothesis
Combination of two factors:
- high dipole moment (D)
- relatively low dielectric constant (&)

Et CIEt
D =17 D =190
£=25 £ =205

D has to be strong enough to disrupt protein intramolecular H
bonds

£ has to be low to promote unfolding of protein and refolding in a.-
helical configuration

Why a-helix?
This must be most energetically stable conformation in
environments with low €
In fact — most membrane proteins are a-helical



Sive-Directed Isotope Labeling and FT-IR: Assignment of Tyr
Bands in bR — M Difference SpecTRUM of Bacteriorhiodopsin

X-M. Liu, S. Sonar, C-P. Leg, M. Coleman, U.L. RajBhandary & KJ.
Rothschild

Biophys. Chem. 26, 67 (199%)

Bacteriorhodopsin - protein in membrane of Halobacterium
salinarium

In dark: PR state

In light: M state

> Study differences in Tyr environment for the two states

METHOD: site-directed isotope labeling

- 11 Tyr in bacteriorhodopsin -
Labeled: 147 or 185 or 57 or all

- For each sample get difference spectrum:
(M spectrum) - (bR spectrum)

- Spectrum compared Lo unlabeled
No difference — no change in Tyr environment

Samples: membrane dried in AgCl window T =250 K



Site-Directed Isotope Labelling

A-3'-0OH
C
,C

A ’
C
,C
Enzymatic 3
Ammoacylahon
CUA

E. coli T‘yr-Sup-tRNA (Su3)

Y185am
UAG
J N S
—— £Op MANA
SP6
Transcription

Purification
Refolding

In vire Translation [ring°H,] Tyr-185 bR
{(Wheat Germ)

Fig. 2. Major steps 1n site cirected isotope labeling of a protein. Top: E. coli 1yrosine sup-tRNA is enzymatically aminoacylated with a
deuterated tyrosine: middle: using recombinant DNA methods an amber codon is inserted in the gene at the position of the residue o be
1sotope labeled followed by nRNA synthesis using run off transcription: bottom: the mRNA 15 translated in a cell-fres protein synthesis
svsiem in the presence of the aminoacylated suppressor (RNA. The resulting SDIL analog is thea purified and refolded. (Figure adapted
with permission from Namre Strucr. Biol. (August 1994 1ssuc)).

G
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Fig. 4. Expansion in selected regions of the data shown in Fig. 3.

Spectra of Tyrb7-labeled, Tyr147-1abeled and uniabeled are
very similar — these two residues do not undergo
significant conformational changes in the bR — M
transition

Spectra of Tyrl&b-iabeled exhibits significant changes
compared to unlabeled. Changes similar to the ones in the
all-labeled spectrum — Tyr 185 is structurally active in

the PR — M transition



FT-IR Study of Major Coat Protein of M17% and PH1

W.F. Wolkers, P.1. Haris, A.M.A. Pisiorius, D. Chapman & MA.
’ HemmingA

Biochemistry 34, 7825 (199%)

M13 and Pfl — bacteriophages
Circular single-stranded DNA + several thousand
copies of a major protein

During infection of bacterial cell - major coat protein in stripped
off from DNA and inserted into cytoplasmic membrane of host

This study = secondary structure of major coat protein in phage
and reconstituted in phospholipid bilayers

e For studies in D,0 — £ = 50 um
removal of band at 1209 cm'’
e For studies of membrane —
lipid - DOFG: dioieoy! glycero-3-phosphoglycerol
films in AgCl window

(NEIFANR

A Tabie |: Compiete Assnrnment ot the Specirai Regron between
1300 and 1800 ¢cm ot the FT-IR Absorbance Specirum ol Pt
Fhapge wn o Debvdraed Fiime

positen  wadth Ap” arei refatis e
»tem 'Y ogem T rarh unusy arew UFr band reeton assignment
151¢ 1574 do4 Tyr
1535 16,13 1.31 I amide 11 band
1543 18 60 HIEM L] amude 1 band
1574 343 0.08 Asp
1584 1062 0.3z ASp
B 1598 2434 T Lys (NH: ™t
{617 718 0.26 Tar
1633 1318 0.75 3 amude 1 band
x5 1&57 £9.30 2150 &1 amde 3 band

4 The error 1 the posinon 3 and limewidth Ay 1s £1 cm ' the error

’ 0 the relauve area s r V¥ tor area -+ 20% and 2295 qor area - 20%
1750 1700 1630 1600 1550 1500 " Toal width at hail-henght. Relagve area in amide T and amude il
band

Wavenumper fcm-')

FiIGLRE 11 (A) FT-IR abserpuion spectrum of P phage partcles
n dehydrated fiim at 25 °C t1op iines and the cornpuﬁcnl spectra
that are used to fit the spectrum according to the parameters given
in Table |. (B Best fit of the curve fitung procedure. 1C) Difference

_of lhe absorption spectrum in (A) and best 11t (B1 (the scale factor
i5 2.




ble 3. Analysis of the Amide [ Region of Pl Coat Protein in (he Phage and Reconstituted in DOPG Bilayers at L/P 20

phage DOPG
systern assignment yiem™ Ny Ay (em™") area (%) yicm h Ay (cm™") area (%)
PEl (dehydrated film, hydrogen-banded wm 1633 13 3 1644 14 12
a-helix and col 1657 19 81 1658 i0 58
non-hydrogen bonded tum 1683 17 16 1673 19 30
PILD+O suspension) turn, ceil, and disordered a-helix 1634 18 33 1640 17 43
a-helix without disordered part 1653 s 60 1657 10 53
non-hydrogen-bonded turn 1676 9 7 1675 12 4

Tabie 4: Analysis of the Amide | Region of M13 Coat Proein n the Phage and Reconstituted in DOPG Bilayers at L/P 20

phage DOPG
. sysiem assignment ¥ (em™"y Ay (cm™") area (%) yiem™") Ay (em™" area (%)
M3 (dehydrated film) B-sheev/apgg-~zared protein 1629 10 5
hydrqgen-bond_ed um 1632 10 3 1643 21 21
a-hefix and coil 1656 19 9 1657 10 50
non-hydrogen-bonded turn 1683 17 18 t672 17 21
MI3 (D ) ﬁ-shcct{aggrcga_md protein 1691 14 3
20 suspension) tum, coil. and disordered q-helix 1637 19 31 1640 18
®-helix without disorderea pan 1650 4 67 1656 I1 326
non-hydrogen-bonded tumn 1673 12 2 1677 ] 2

> Coat protein =
From dehydrated state to D,0:

1657 — 1653 cm’’ 1656 — 1650 cm’

(81%)  (60%) (79%)  (67%)

- shift in frequency — due to D bonding of a-helix with solvent
- decrease in content — H-D exchange

Amide | band of random coil structure moves to =~ 1640 cm’’
Part of helical region may be accessible to H-D exchange

Therefore, lower limit for a-helical content —
©0% for Pf1 and 67% for M13

> Reconstituted Membrane —
From dehydrated state to D.0:

PA1 | 1058 5 1657 cm™ M1 1 1657 » 1656 cm'
(58%) (52%) (50%)  (42%)

- no shift in frequency — oai-helix is not accessible to solvent
- decrease in content — H-D exchange

Lower limit for a-helical content =
©0% for Ff1 and 67% for M13

CONCLUSION: a-helical content decrease when protein is in lipid
environment



Resonance Raman Studies of Myoglobin From Nassa murabilis

(NM) - a gastropod mollusc
G. Smulevich, A.R. Mantini, M. Paoli, M. Collera & G. Geraci
Biochemisiry 24, 7707 (199%)

e Structural studies of deoxy-Mb
MbO,
met-Mb

e Comparison to horse heart myoglobin
Mb - present in muscle cells
- usually monomeric, but in NM — homo-dimeric with
cooperative O, binding
Excitation lines: 406.7, 413.2, 530.9, 457.9 nm

Heme group absorption =

Nossa Mb
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Comparison of NM and HH myoglobins in the deoxy form =

Deoxy-Mb 457.9 nm exc
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FiGLre |- Resonance Raman spectra of deoxy forms of Nassa
mutabilis INM) and horse heart (HH) myoglobins, obtained with
+57.9 nm excuanon wavelength. Panel A shows the low-trequency
region, and panel B shows the high-frequency region. Expenmental
vonditions; 40 mW luaser power at the sample: 5 cm ™! resolution:
and 5 siem  collecnon iterval, The asterisk indicates 4 plasma
line. .

In NM — 217 cm™ (Fe- Im stretch) lower than for HH — weaker
bond strength — lower affinity for O, binding (expected

for a cooperative process)
L., Va, Uy, = bands characteristic of a b-coordinate

high spin heme (also for HH)
Uc.c = 2 bands (only one for HH): due to interaction

with the protein and/or differences in the two

homodimers



Comparison of NM in the deoxy, oxy and met forms =

Table | Resonance Raman Frequencies tem '3 ol Deoxy-. Oxa-,
and Met-Mb trom Nussa ntirabil

mode deoxy S-¢ hy” oxy b-C 1 mes G- Iy
1630 1630

i:: . }gjl(’fj 1620 |o;1

o 1603 1638 163y

e 1583 1604 1641

I8 1565 1581t 1574

o i5%6 1594 1586

h 1543 1561 Jﬁ(:ul

ik 1528 1547 1530
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FIGLRE 4 Resonance Raman spectra of the oxy forms of

Nassa murabilis (NM) and horse heart i1HH» myoglobins in the low-frequency
region. obtained with 413, nm excitaton. Expermental ¢

onditions: 5 cm ¢ resolunon: (A) bottom spectrum obtained usshg a cyhndngal
lens. 8 mW jaser power ar the sample. and 24 w/em ! collecnion mtervali 1op spectrum, 30 mW lager power at the sample and & wem
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Raman Study of Membranes from Torpedo MARMORATA (Fish)
D. Aslanian, P. Grof, )-L. Galzi & J-P. Changeau
Biochim. Biophys. Acta 1148, 291 (199%)

Study of:
acetylcholine receptor structure
interaction with carbamylcholine and (+)-tubocurarine

Sample:
membrane fragments from the electric organ of T.m.
\J

rich in acetylcholine receptor (AcChR)

ion channel composed of 4 classes of subunite a,pyd
forms a transmembrane pentamer
Contains binding sites for cholinergic ligands

carbamylcholine - binds to 2 sites/receptor molecule
activates ion flux through channel
(+)-tubocurarine - binds to the same 2 sites
inhibit action of activator

Sampie:

&-10 mg protein/mi in Tris-HCl buffer (pH 7.5),10°C
Excitation:

5145 nm, 150 mW

e Secondary structure of AcChR from Amide | region =
-buffer, lipid and aromatic amino acia vibrations were
subtracted
- deconvolution
- fitting with a iinear combination of amide | spectra of standard
proteins
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e Tyr doublet
| >1.3 — tyr exposed to solvent (strong H bond acceptor)

820 < 0.9 — tyr buried (strong H bond donor )

I&zo 0.9 513 - moderate H bonding

For the 3 samples ratio = 1.2 = tyr mostly in hydrophilic regions

e Trp bands
~ 1560 cm™ sharp band- buried residue
intensity decreases if it becomes accessible to
water molecules
AcChR + activator — trp exposed to aqueous medium
AcChR and AcChR + inhibitor — trp partly buried and partly
exposed (well separated peak, but not very strong)

~ &80 ¢m’' - intensity decreases when residue becomes
exposed

AcChR + activator — trp exposed to agueous medium
AcChR — trp less exposed
AcChR + inhibitor — more buried

® 5-5 stretching bands
~ 510 cm” — gauche-gauche-gauche configuration
= 525 cm’ > trans-gauche-gauche configuration
= 540 cm” — trans-gauche-trans configuration

For AcChR and AcChr + activator — bands are at same
positions

For AcChR + inhibitor — bands are at 520, 551 and 565 cm™ —
conformational changes in geometry of 5-5 bond



e C-H stretching
2800-3120 cm™ (lipid and protein contributions)

lipid:
~ 2650 cm” symmetric CH, stretch
~ 2680 cm” asymmetric CH, stretch (subtract contribution
from protein)

i . :
2880 . order parameter = higher ratio — more

2850
ordered conformation

Observed: lipid fluidity decreases in presence of activator and in
the presence of inhibitor

e C-C stretching
1130 cm™ and 1064 cm™ — modes of all-trans conformers
1090 cm™ — modes of gauche conformers

In ordered iipid chain state = all-trans bands are intense
Ih disordered lipid chain state = gauche band is intense

Observed:

- Native: strong signal at 1084 ¢cm™ and shoulders at 1069 and
1129 cm™ — disordered state

- With activator and with inhibitor: strong sighal at 1086 and

1086 cm’, respectively — also disordered




Raman Study of ProTein ApROTiNiN
S.E.M. Coalianni, J. Aubard, A.H. Hansen & O.F. Nielsen

Vibrational Spectroscopy 2, 111 (1997)

Studies:
e Secondary structure (amide | and [l bands)

e Conformation around sulfur bridge
e Environment of Tyr

Aprotinin - synthetic form of basic pancreatic trypsin inhibitor
(58 amino acids, 3 5-5, 4 tyr)

Excitation: 1004 nm, 500 mW
Amide | study — sample in D,0 (to avoid water bending
vibrations)

Amide lll study — sample in H,0

lilensily {nibibrary urits )
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Fig. 3. The amide | remion of NIR-FT-Raman spectra of (A) apro-

umin powder and (BY 1 20 {w, wi deuterium oxide solution in a

windowless celi, and the amide |1 regton of NIR-FT-Raman spec-

tra of (C} aprounin powder and (D} 3 20% W /wi aqueous solu-

| .
I0F - a windowless cell. Bands charactensie of specific sec-
ondary amide structures are marked with urrows,

Fowder — ih solution —»
predominance [3-sheet higher content of:
some a-helix random coil and

some random coil o-helix



Conformation arour 4 sulfur bridge & Environment of Tyr

Intensity {orbitrary uruts)

Wovenumpers (cm)

Fig. 4. tA) and (C) show NIR-FT-Raman specira of aprotinin
powder. and (B) and (D) show a 20% {w w1} aprotinin agueous
salution in a windowiess ccll. The band tn A and B is charactens-
tic of the sulfur bridge conformations and the doublet around 800
em ™' 10 the hydrogen bonding of tyrosine,

e Sulfur bridge band around 510 cm™ — 3 5-5 bonds are in
gauche-gauche-gauche conformation (for
powder and solution)

e Tyr doublet — environment of tyr

lé@Q > 125 — all tyr are exposed to solvent (for powder

830
and solution)

However from x-ray diffraction —> 2 tyr are buried




