PAE)LS Description of PAOL ( Protein Analysis On Line)

The characterization platform PAOProtein Analysis On Line) comprise several components:

Degasser Aqtomatlc Column oven Multi-A Light scattering Refractive
and Injector or and : Sample
High pressure Manual injector [ Steric exclusion absorbance detector index collector
detector (SLS et DLS) detector

pump of sample column

ThedegasserSHIMADZU DGU 20A” enables to degas the -previously filtered at 0-lgptumn solvents.

Thepump “SHIMADZU LC-20AD” enables to generate the solvent flow through tfferdint components of
PAOL. The flow is characterized by a constant fiate (typically 0.5 ml/min) and very low pulsatiorimcause
detectors are sensitive to any flow fluctuations.

The automatic sample injectoBMIMADZU SIL-20AC HT” enables to store up to 70 samples at a controlled
temperature in the range 4 - 40°C, and injects thHme usual injection loop has a volume of 100d aan be
coupled to a 2 ml loop; the typical injection volemms 20p.

Size exclusion chromatographyis used to separate physically the different maotecular species. A small
molecule that can penetrate every corner of the pgstem of the stationary phase "sees" the gmiire volume
and will elute later that the large molecule tratrmot penetrate the pore system: there is separdte -dedicated
to PAOL- columns are: Protein KW-804, Protein KW-803 and Protein KW-802.5 with, as guard column,
Protein KW-G(Shodex) WTC 050N5G, with, as guard column, WTC 050N%/yatt) and Superdex 200 10/300
GL (GE Healthcare). The matrix is silica or polymer; the columns halféerent separation scale up to 5 000 kDa.

Thecolumn oven “XL T-01” (WynSep) maintains the column at a temperature in the rangg0°C.

Themulti- A absorbance detector “SHIMADZU SPD-M20A” measures the absorbance of the eluate between
190 and 700 nm. The signal for three wavelengthsdsrded for the ASTRA software for combined asislyf the
absorbance, SLS and RI signal.= 280 nm is typically used to determine the proteoncentration, with:

AZSOnm = 8280nm X l xC

Thestatic light scattering detector (SLS:Static Light Scattering = MALLS: Multi Angle Laser Light
Scattering) “WYATT mini DAWN TREOS” : The solution goes through the measurement aathihated by a
laser beamX = 658 nm). The scattered light is measured aff@rdnt angles (41, 9°; 90° and 138, 1°).

90° detector

Fig. 1: Schema of the MALLS detector (coupledite QELS detector)
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According to the Rayleigh-Debye-Gans model, thensity | of the light scattered by the solution is
directly proportional to the total concentratien(g/ml) and to the average molar madsv (g/mol) of the
. . dn)’ am?
macromolecules in the solutiol =k xcxMwx| — | . k= 2 0
dc A'N,
solvent,A and the Avogadro’s numb@,. (dn/dc) means the variation of the refractiveeiaf the solution with
the concentration. The concentration is determimei@pendently from the RI detector (see below)isIthus
possible to determingw from the intensity of the scattered light.
For macromolecular sizes > 20 nm, the scatteremhsity decreases with the diffusion anglandM,y is
obtained by extrapolation ofat angle 0. This is why light scattering intensityneasured at 3 different angles.

depends on the refractive indax of the
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Thedynamic light scattering detector(DLS : Dynamic Light Scattering = QELS : Quasi Elasic Light
Scattering) “WYATT DynaPro Nanostar” measures the fluctuation of the scattered ligtanisity at 90°. It can
be measured upon chromatography, using a fibec @pthnected to the mini DAWN TREOS detector (fig. 1
Measurements can also be done on a sample in attddMeQuartz cuvette, with help of an independazgr.

From the fluctuations of the light intensity of anttion of timer, the auto-correlation functiorf§7) is

determined. For a homogeneous solut g (r):1+ ,Bxe’ZXD‘xqzxr with D, the diffusion coefficient and the

anxn, xsing
5"

scattering vect(q =
0

kT
D; is related to the hydrodynamic radit: D, =6—, with k the Boltzmann constanfl the
)

temperature (Kelvin) ang the solvent viscosity.

MALLS analyses the time averaged (1s) scattagéd intensityl, and allows determining molar malss
Mw (and radius of gyratioRy if > 20 nm).

QELS analyses the fluctuations of the scattdéggd Intensity,l, as a function of time (10- 10° s) and
allows the determination of the diffusion coeffiti®; and thus hydrodynamic radi&.

Thedifferential refractive index detector « WYATT Optilab rEX » RI (Refractive Index) measures the
difference in the refractive indexes of the sanguld reference.

Fig. 2: Scheme of RI detector: Photodio
Array.
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The detector works with a laser at the sanas MALLS, the beam crosses two cells of triangakstion.
The first cell is the sample chamber in which tleéumn elute flows continually. The second cell @oms the
reference solution. When getting out of the samopimber as well as the reference chamber, the bedergoes a
deviation. If the refractive indexes in the 2 chams are identical, the second deviation cancelstixthe first, so
the beam is not deviated but only shifted. An eltlie difference between the refractive index,of the sample
chamber andh,, of the reference chamber, has for effect to dewlze beam direction. This deviation is converted
into unit of difference of refractive index,An. An enables to determine the macromolecule

dc

For proteins, dn/dc) is 0.186 ml/g; for membrane proteins: 0.187 midy;detergent, sugar, lipids or RNA,
the value of (dn/dc) differs but is in the sameeorof magnitude (0.08-0.2 ml/g).

The analysis of multicomponent systems —such ashram proteins- uses the combination of absorbance,
Rl and LS signals for determining the particle cosipon and molar mass.

: dn
concentrationAn=n,—n, =| — |XC.

The sample collector « SHIMADZU FRC-10A »enables to collect and store fractions after efytat a
controlled temperature (4 to 35°C). It can be areslao the absorbance detection.
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