G 1A

Hyphenation of Preparative Liquid Chromatography
to Laser-Based Mid-Infrared Spectroscopy for Monitoring
of Proteins in Chromatographic Effluents i

Christopher K. Akhgar,! Julian Ebner,? Mirta R. Alcaraz,34 Julian Kopp,? Héctor Goicoechea,** Oliver Spadiut,? Andreas Schwaighofer! and Bernhard LendI*

lnstitute of Chemical Technologies and Analytics, Technische Universitat Wien, Getreidemarkt 9, 1060 Vienna, Austria Website Email
?Institute of Chemical, Environmental and Bioscience Engineering, Technische Universitat Wien, Getreidemarkt 9, 1060 Vienna, Austria

SLaboratorio de Desarrollo Analitico y Quimiometria (LADAQ), Catedra de Quimica Analitica |, Facultad de Bioquimica y Ciencias Bioldgicas,
Universidad Nacional del Litoral, Ciudad Universitaria, Santa Fe, S3000ZAA, Argentina

“Consejo Nacional de Investigaciones Cientificas y Técnicas (CONICET), Godoy Cruz 2290, CABA, C1425FQB, Argentinas

Introduction LC-QCL-IR Setup

Mid-infrared spectroscopy provides detailed information about proteins that  AKTA pure system (Cytiva Life Sciences, MA, USA) equipped with an U9-M
cannot be obtained with conventional UV detectors. The most powerful IR bands UV monitor, a C9 conductivity monitor and a F9-C fraction collector

for protein quantification and secondary structure analysis are the amide | (1700-
1600 cmt) and amide Il (1600-1500 cmt) bands.

A pronounced challenge in measurements of aqueous protein solutions is the
strong absorption of H,O at approx. 1640 cm that overlaps with the amide |
pand. In conventional Fourier-transform infrared (FTIR) spectroscopy, the optical
nath-length is restricted to <10 pum to avoid total IR absorption. These small path -

engths are unsuitable for flow-through operations due to low robustness. [fesem"*"] 4{ soum } 4{

ChembDetect Analyzer (Daylight Solutions Inc., San Diego, USA), equipped
with an EC-QCL (1350-1750 cm) and a 25 um transmission cell [1]

The collected fractions were additionally analyzed by reference analysis with
high-performance liquid chromatography (HPLC)

External cavity-quantum cascade lasers (EC-QCLs) offer higher optical powers |
compared to the thermal sources used in FTIR spectroscopy, leading to [ Pump } [uvoetector} [E;*ﬂ‘;t;?;‘..
Increased sensitivity and larger applicable optical path lengths. These
advantages open a wide range of possible applications, including near real-time »

] ] ] ] Sample Conductivity
protein monitoring from downstream operations. [ | [ |

Injection Detector

Here, an EC-QCL based mid-IR spectrometer was coupled to a preparative liquid
chromatography (LC) system. Two different model systems, based on ion-

exchange chromatography (IEX) and size exclusion chromatography (SEC) were Size Exclusion ChrOmatOgraphy (SEC)
employed to demonstrate the high flexibility of LC-QCL-IR coupling.

A SEC run was performed using a
HiLoad 16/60 Superdex 200 pg column
and Isocratic elutation with 50 mM
phosphate buffer (pH=7.4) and 0.25
mL/min flow rate [3]

lon Exchange Chromatography (IEX)

 |[EX runs were performed using a 1 mL HiTrap Capto Q column, flow rate of

0.5 mL/min, elution buffer A of 50 mM Tris/HCI (pH 8.5) and elution buffer B « Three model proteins with different

with additionally 1 M NaCl [2] secondary structures and molecular
» Areference blank run (no proteins) and sample runs (2 proteins) with different weights were injected into the system

gradients were performed: « QCL-IR spectra showed a stable

Blank run: linear gradient within 60 min from 0 to 1 M NacCl baseline across the chromatographic

run and specific amide | and amide I

Case |: steeper linear gradient within 30 min from 0 to 1 M NacCl bands for the three proteins

Case |l: 3-step gradient: 0.25 M, 0.5 M, 1 M NaCl

« Chemometric analysis based on Simple-to-use Interactive Self-modeling
Mixture Analysis (SIMPLISMA) and Multivariate Curve Resolution (MCR) was
applied

« A ssignificant challenge was caused by overlapping IR absorbances of proteins
and NaCl gradient. Even though amide | and Il bands were visible In spectra

of uncorrected runs, the effect of the NaCl gradient was clearly dominating | | o | |
« Spectral and concentration profiles of the individual proteins were obtained

without initial knowledge

* A novel background correction approach was applied, where a single blank
run Is sufficient for correcting sample runs of highly different gradient profiles,

showing excelling protein spectra . Che_r_nometrlc spectral pr_oflles showed excellent agreement in band shape &
Uncorrected Runs Corrected Runs position to reference off-line IR spectra of pure protein solutions
Background « Absolute protein concentrations were calculated via Beer-Lambert law,
compensation: é 80 . showing excellent agreement to HPLC off-line measurements
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