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Abstract

High-performance liquid chromatography (HPLC) with UV, circular dichroism (CD) and intrinsic fluorescence detection was applied
to monitor conformational properties of recombinant human interfes2m when performing size exclusion chromatography (SEC) and
reversed-phase HPLC (RP-HPLC). In this way native conditions during SEC and structural changes of the protein during RP-HPLC were
demonstrated. These results were confirmed by stand-alone fluorescence and CD measurements. With respect to HPLC tandem detection
the fluorescence detector compared favourably to the UV and CD detector regarding linearity, sensitivity and selectivity. SEC combined with
intrinsic fluorescence scanning detection permits conformational analysis of small amounts of aggregates in the presence of excess native
monomeric protein. In conclusion, HPLC with on-line UV and intrinsic fluorescence detection provides a promising concept for analysing
the amount and conformational properties of a biopharmaceutical and its impurities.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction characterising primary structural aspects of proteins (e.g., se-
guencing, mass spectrometry, HPLC, electrophoresis), these
High-performance liquid chromatography (HPLC) is a tools as such cannot reveal whether the protein is in the cor-
widely used technique for investigating the content and purity rect, folded structure. However, higher order structural as-
of medicinal products including biopharmaceutical proteins pects can be revealed by spectroscopic technologies such as
[1-3]. A major difference between protein-based and small- nuclear magnetic resonance, Fourier transform infrared, cir-
molecule pharmaceuticals is that the bioactivity of proteins cular dichroism (CD) and intrinsic fluorescence or to some
not only relies on the primary molecular structure but also on extent by assays based on biological responses.
a higher order structure, i.e., molecular conformation. This  In combination with UV-detection HPLC is a separation
presents difficulties in the development of content assays formethod that provides a powerful means for characterising
biological molecules based on HPLC. An ideal content assay the homogeneity of protein samples. Reversed-phase HPLC
should provide information on the correct conformation of (RP-HPLC) is suited for this purpose because of its high
the protein as well. Although suitable tools are available for resolution. RP-HPLC separates proteins based on subtle dif-
ferences in hydrophobicity. Small to mid sized proteins (up
* Corresponding author. Tel.: +31 30 2743701; fax: +31 30 2744421, 10 25kDa) which differ by a single amino acid residue can
E-mail addresspeter.jongen@rivm.nl (P.M.J.M. Jongen). often be separated by this method. Therefore, RP-HPLC is
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often applied for quantification of pharmaceutical proteins plied solutions contained approximately 7.19 mg/ml IFN-
and for the analysis of closely related protein variants or a2b. The recombinarit-methionyl human growth hormone
degradation products (e.g., oxidised, deamidafg€3}]. In (Met-hGH, order 6907) preparation ‘Somatrem’ (sampled
this way, RP-HPLC plays an important role in research & by health authorities from an illegal distribution channel)
development, production and quality control of biopharma- contained approximately 4 1U (1.3 mg) lyophilised Met-hGH
ceuticals. RP-HPLC requires the use of an organic modifier per vial. The anti tetanus immunoglobulin (TIG) preparation
(usually acetonitrile (ACN)) and ion-pairing agent (usually ‘Tetaquin’ (Sanquin, The Netherlands) contained 10-18%
trifluoroacetic acid (TFA)) to achieve optimal separation con- protein, predominantly (>90%) TIG. The human serum al-
ditions[4]. Unfortunately, typical RP-HPLC conditionscould bumin (HSA) preparation ‘Cealb’ (Sanquin, The Nether-
affect the conformation of the protejB] so the detector re-  lands) contained 20% protein predominantly (>95%) albu-
sponse does not necessarily represent the amount of bioactivenin. Phosphate buffered saline, pH 7.2 (PBS), consisted of
compound. Another type of HPLC commonly applied for 8 mM NgHPO4, 2mM NakbPO, and 154 mM NaCl. Sol-
analysing biopharmaceuticals is size exclusion chromatog-vents for chromatography were HPLC grade and salts were
raphy (SEC). In this case proteins are separated on size anénalytical grade chemicals.
shape. SEC may be used for the quantification of proteins but
it is normally applied to determine the native size of the pro- 2.2. Sample preparation
tein and to reveal possible multimers and aggregige8].
In contrast to RP-HPLC, SEC is performed under separation2.2.1. Stand-alone measurements
conditions which are expected not to affect the higher order  Standard solutions of IFN2b were diluted with
structure of the protein. ACN/water mixtures or ACN/water mixtures in presence of
In the present study we envisaged that the combination of 0.1% TFA (v/v) to protein concentrations of @/ml (fluo-
structural specific separation and conformation selective de-rescence measurements) and 2§0ml (CD measurements).
tection offers possibilities for improved assay designs. In the The prepared protein solutions contained 10, 20, 30, 40, 50
first series of experiments, we investigated the possibilities to and 60% (v/v) of organic solvent, they were kept at room
detect conformational properties of recombinant interferon- temperature for 1 h before spectroscopic measurements.
alfa 2b (IFN-«2b) on line during SEC and RP-HPLC. A
scanning fluorescence and a CD detector were coupled to ar?.2.2. HPLC measurements
HPLC system with an UV detector that monitors exclusively Standard solutions of IFN2b were diluted with PBS to
the amount of protein. Far-UV CD spectroscopy enables ustoa concentration of 10@g/ml before being applied on RP-
study the secondary structure elements in the proteins whileHPLC or SEC.
intrinsic fluorescence spectroscopy provides complementary
information on changes in the local environment of the aro- 2.2.3. Protein aggregates
matic side chains (tertiary structure). The on-line spectro-  Soluble aggregates of IFN2b were prepared by incu-
scopic results were compared with stand-alone fluorescencebating the protein in 50 mM potassium phosphate buffer
and CD measurements to reveal the effect of RP-HPLC mo- (100wg/ml), pH 8.5, at 40C for 7 weekg9]. For Met-hGH,
bile phase compositions on the IFd2b conformation. Next  soluble protein aggregates were prepared by vortexing pro-
to this, the performances of the fluorescence and CD detec-tein solutions of 1 mg/ml for 3 min. TIG (10 mg/ml) and HSA
tor were compared to those of the UV detector. In the sec- (10 mg/ml) samples contained detectable levels of soluble ag-
ond series of experiments HPLC in combination with tandem gregates without pretreatment.
detection was applied to analyse several biopharmaceutical All samples and solutions were filtered before use over a
preparations on protein aggregates. Eventually, this investi-0.45um filter.
gation demonstrates the value of tandem detection to evaluate
the effects of chromatographic conditions on the conforma- 2.3. Fluorescence spectroscopy
tion of a biopharmaceutical. This study may contribute to the
development of straightforward and fast methods to monitor ~ Fluorescence spectra were obtained with an LS-50B spec-
the content as well as conformational properties of the active trofluorometer (Perkin Elmer) at 2& in a 1-cm quartz cu-
compound and impurities in biopharmaceutical products.  vette (Hellma GmbH, Nillheim, Baden, Germany) with a
protein concentration of 50g/ml. An excitation wavelength
of 295 nm was used, with a band pass of 2.5 nm for the excita-

2. Experimental tion monochromator and 5.0 nm for the emission monochro-
mator. When excited at 295 nm, the maximum wavelength of
2.1. Reagents the fluorescence emission spectrum is indicative of the degree

of solvent exposure of the side chains of the tryptophan (Trp)
The IFN-«w2b standard solution (PhEur, CRS, batch 3) residues. Data were recorded at 1 nm intervals over the range
was supplied by the European Directorate for the Qual- 300-500 nm with a scanning speed of 300 nm/min and data
ity of Medicines (EDQM, Strasbourg, France). The sup- were smoothed after acquisition (five passes). Fluorescence
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spectra were corrected for background signal contributed by (300 mmx 7.8 mm, 5um, 125,&). The elution was per-

buffer. formed with PBS at a flow rate of 0.8 ml/min and Z5.
_ _ . TIG and HSA containing soluble aggregates were applied to
2.4. Circular dichroism spectroscopy a TSKGel G3000SW{ column (600 mmx 7.8 mm, 5um,

250A) and eluted as described in the PhEur 2(02,11]

Far-UV CD spectra were recorded on a dual-beam
DSM 1000 CD spectrophotometer (On-Line Instrument Sys-
tems, Bogart, GA) at 25C. The subtractive double-grating
monochromator was equipped with a fixed disk, holo-
graphic gratings (2400 lines/mm, blaze wavelength 230 nm),
and 1.24-mm slits. The protein concentration used was
250ng/ml. For far-UV CD spectra (250—-200 nm), samples ) .
were measured in a 0.05 cm path length gDQuartz cuvette ACN from 3810 70% in presence of 0.1% TFA at 1 ml/min
(Hellma GmbH, Millheim, Baden, Germany). All CD spec- as described by Buchheit et {].
traresulted from averaging six repeated scans (step resolution
1nm, 1seach step). Subsequently, spectra were background-
corrected and smoothed. The measured signals were cons: Results
verted to molar absorbance differenaee(in M~ cm™1), -
based on a mean residual weight of 110 Da per amino acid3-1- Effect of RP-HPLC conditions on IF2b
residue.

2.5.3. Reversed-phase HPLC

IFN-a2b (0.5, 1.5, 3.0, 6.0, 8.0 and @) was applied
to a Vydac 218TP54 g column (250 mnx 4.6 mm, 5um,
300,&), equilibrated with 38% ACN (v/v) and 0.1% TFA
(v/v). RP-HPLC was performed at 2& with a gradient of

To validate the use of fluorescence and CD detection for
25 HPLC the purpose of monitoring conformational changes, stand-
alone experiments were performed. In addition, the effect of
common RP-HPLC mobile phase compositions on the molec-

HPLC experiments were performed on two different sys- ular confqrmatipn (secondary and _tert_iary structure) of IFN-
tems. The first one included a Jasco AS-950 Intelligent sam-O‘Zb was investigated. Therefpre, intrinsic fluorescence and
pler, Jasco PU-980 Intelligent HPLC pump, Jasco LG-980-02 far-UV CD spectra of IFN«2b in presence of AC,N or ACN
ternary gradient unit, Alltech on-line degassing system, Spec- and.O.l% TFA were measured. The concentrations of the or-
tra Physics SP8790 column oven, Jasco MD-2010 Plus mul-9anic solventwere 0, 10, 20, 30, 40, 50 and 60% (v/v).
tiwavelength detector, Jasco CD-1595 detector. The HPLC
system was controlled by Borwin software version 1.5. UV 3.1.1. Stand-alone fluorescence measurements
detection was performed at 214 nm, CD detection at 220nm  The intrinsic Trp fluorescence spectrum of Ifel2b in
(gain 10x). The CD 220 nm signal peak area was related to PBS and in absence of organic solvent (native conditions)
the UV 214 nm signal peak area in order to normalise for revealed thatthe fluorescence emission maxinfema,) was
protein concentration. 338nm Fig. 1. This indicates that the Trp residues were

The second HPLC system was an Agilent 1100 system in- partially buried in the hydrophobic core of the protein. The
cluding a G1379A micro vacuum degasser, G1312A binary maximum remained approximately the same for the protein
pump, G1329A auto-sampler, G1330B auto-sampler thermo-up to ACN concentrations of 20%. At higher concentrations
stat, G1316A thermostatted column compartment, G1315B of ACN, Fnax increased to 342 nm suggesting a change to
diode array detector and G1321A fluorescence scanning de-a more polar environment for the emitting Trp residues in
tector. This Agilent HPLC system was operated by Chem- IFN-a2b. This red-shift oFax also occurred as a result of
Station software. UV detection was performed at 214 nm, incubation of the protein with increasing concentrations of
fluorescence emission detection at 338 nm (SEC) or 342 nmACN in presence of 0.1% TFA (from 338 to 342.5nm). It
(RP-HPLC) with an excitation wavelength of 295 nm. The was noticed that the fluorescence intensity increased as the
fluorescence spectra were measured at 1 nm intervals over theoncentration of the organic solvent increased (not shown).
range 320—-400 nm with a scanning speed of 80 nm/s (PMT-  Since Trp fluorescence is highly sensitive to solvent con-

2.5.1. Instrumentation

gain 11). ditions, the effect of the RP-HPLC mobile phases on Trp
fluorescence was examined by carrying out studies With
2.5.2. Size exclusion chromatography acetyltryptophanamide (NATA) under these conditions (data

IFN-a2b (0.5, 1.5, 3.0, 6.0, 8.0 and @) was applied to not shown). NATA is a low molecular weight compound
a TSKgel G3000SW¢ column (300 mmx 7.8 mm, Sum, containing the Trp structure. Fluorescence spectra of NATA
250A), equilibrated with PBS. The elution was performed in presence of ACN or ACN and 0.1% TFA showed a
with the equilibration buffer at a flow rate of 0.8 ml/min and similar increase of fluorescence intensity as was observed
25°C. for IFN-a2b when the concentrations of the organic modi-

IFN-a2b and Met-hGH containing soluble protein ag- fiers were increased. Furthermore, a decreadgengf from
gregates were applied to a TSKGel G2000gWeolumn 357 to approximately 350 nm was measured for NATA as
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3.1.2. Stand-alone CD measurements

Far-UV CD-spectra of IFNx2b in presence of 0-60%  Fig. 2. Far-UV CD spectra of IFN:2b (A) in presence of 0, 10, 20, 30, 40,
ACN are shown irFig. 2A. These spectra were taken to ob- 50 and 60% acetonitrile and (B) in presence of 0 (dotted line), 10, 20, 30,
tain information about the secondary structure of the protein. 40: 50 and 60% acetonitrile and 0.1% TFA.
In absence of organic modifier (native conditions) the CD
spectrum of IFNa2b showed @& e-minimum around211and  3.1.3. HPLC in combination with tandem-detection
222 nm. The shape of the spectrum indicated that é&2- 0.5-10ug IFN-a2b applied to SEC eluted isocratically
mainly consists ofv-helices. This is in agreement with the with PBS around 14 min (not shown). IF&2b applied to
3D-structure of IFNe2b published in protein databases. The RP-HPLC eluted between 30 and 34 min (depending on the
spectra of IFNa2b in presence of 30% ACN and higher con- HPLC system used) at approximately 50% ACN and 0.1%
centrations exhibited a decrease of the overall broad negativeTFA (Fig. 3). As expected, for both SEC and RP-HPLC, a
Ae-intensity indicating partial denaturation of the protein. In  positive UV and intrinsic fluorescence emission signal and
presence of 60% ACN it appeared thatahelices were lost  negative CD signal were obtaindeig. 3). The corresponding

and anti-paralleB-sheets remain€d 2]. peak areas were proportional to the amount of protein applied
The far-UV CD spectra of IFNe2b in presence of 10%  (Table ).

ACN and 0.1% TFA revealed a shift of th&ee-minimum By using a scanning fluorescence detector it was not only

from 222 to 224nm and a broadening of the negative possible to monitor one or more fluorescence emission wave-

intensity Fig. 2B). When higher concentrations of ACN in  lengths but also to measure fluorescence spectra on-line. In
presence of 0.1% TFA were applied the negativeintensity this way the=nax values could be revealed. The averbggx
increased at 211 nm and to a smaller extent also at 224 nmover the range 0.5-30g IFN-a2b obtained with SEC and
Theseincreases suggest subtle changesin secondary structuRP-HPLC was determined to 338.8 and 344.2 nm, respec-
distinct from those in the absence of TFA. tively (Table J). Any changes in Trp fluorescence reflect an
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0.4 concentration range investigated the CD signal appeared to
— | show a poorer linearity compared to that of the UV and flu-
| orescence emission signal. Furthermore, the UV signal mea-
‘ sured by the Agilent PDA detector showed a better linearity
)H and sensitivity than that of the UV signal measured by the
Jasco PDA detector. The LOD of the UV, CD and intrinsic
0.0 t fluorescence detection was estimated to be 5-10, 100 and 1 ng
|

0.2 -

N

A

of IFN-a2b, respectively Table 1. This indicated that CD
detectionis less sensitive than UV and fluorescence detection.
-0.2 ‘ ‘ - - - - The overview presented Fable 1shows a clear relationship

0 3 1018 20 230 8 40 between the sensitivity of a detector (LOD) and the linearity

-0.1

Absorbance 214 nm (AU)

(A) Time (min) (R)
etection is more selective than etection because
CD detect lective than UV detection b
ivbe . only chiral compounds are detected. This also implies that
g— }'gf less matrix interference will occur. Intrinsic fluorescence de-
a |H tection was more sensitive than UV detection. Moreover it
€ _0.0010 - ‘ has a higher selectivity than UV detection as only specific
2 I fluorescent compounds are detected. This selectivity is de-
; -0.0015 | pendent on the selected excitation wavelength.
c
= |J
i% -0.0020 3.3. Protein aggregates
-0.0025 . T . .. . . .
0 5 10 15 20 25 30 85 40 The intrinsic fluorescence behaviour of various protein
(B) Time (min) aggregates has been investigated and compared to that of
the corresponding native proteifiable 2. Therefore, IFN-
=) o2b, Met-hGH, TIG and HSA samples containing significant
? 80 ' amounts of aggregates have been applied to SEC combined
£ 70 - \ with a fluorescence scanning detector. In all chromatograms
g 60 ' the aggregates eluted in peaks well separated before the main
§ 50 “ compounds. The aggregate fluorescence spectra ofHi\-
B 40 |! Met-hGH and TIG revealed a shift of tHgnax In case of
§ 20! H IFN-a2b (Fig. 4) and TIG, theFmnayx Of the aggregates was
8 2 P| higher compared to that of the corresponding native protein.
= |!, p p p
8 10 \ This indicated a change to a more polar environment for the
@ N
2 : : : B | "— emitting Trp residues in the aggregates. |kRb dimers (re-
5 0 g irp ggreg
2 0 5 10 15 20 25 30 35 40 tention at 11 min), which elute between aggregate (7.5 min)
(©) Time (min) and monomer (12 min) peaks, revealed a sinfilasx as was

found for the monomer. For Met-hGH tlg,ax Of the aggre-
gates was lower indicating a more hydrophobic surrounding
for the Trp residues. For HSA, the native protein and its ag-
gregates showed simil&i,ax Values.

Fig. 3. HPLC UV (A), CD (B) and intrinsic fluorescence (C) profile of 0.5,
3.0 and 10.@wg IFN-a:2b applied to RP-HPLC. (A) and (B) were obtained
by the Jasco HPLC system, (C) was obtained by the Agilent HPLC system.

alteration in the environment of the residue. This means that
the tertiary protein structure during SEC differs from that , piscussion
during RP-HPLC. The average GR/UV 214 peak area ratio

over the range 0.5-30g IFN-a2b applied to SEC appeared Physicochemical methods have been successfully applied
to be similar to the ratio obtained with RP-HPLC, taking ¢, qetermine the structural identity, purity, integrity and sta-
into account that the standard deviation was relatively high bility of various biopharmaceutical8,13—18] Our aim was
(Table 3. to study the possibilities of HPLC combined with UV, CD
and intrinsic fluorescence (tandem) detection for monitor-
3.2. Performance of HPLC detectors ing conformational properties of several biopharmaceuti-
cals. Whereas CD detection monitors the secondary protein
The UV, CD and fluorescence emission signals were lin- structure, fluorescence detection monitors the tertiary protein
ear over the range 0.5—-1@ IFN-a2b (Table ). This means  structure. We used RP-HPLC and SEC to test this tandem sys-
that the corresponding detectors are applicable for analysingtem and to reveal the effects of chromatographic conditions
common biopharmaceutical products. However, within the on the protein conformation of IFiN2b. Stand-alone fluo-
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Table 1
Overview of the various results obtained by UV, CD and intrinsic fluorescence detection when@gdFNa2b was applied to SEC and RP-HPLC; regression
statistics, CD2o/UV 214 ratio, Fmax and LOD

Equation R2 CD220/UV 214 ratio Fmax (NmM) LOD (ng)
SEC
Jasco
UV (214 nm) y=99921%+ 154385 0.9949 10
CD (220 nm) y=674%+ 2363 0.9912 0.0072 0.0004 100
Agilent
UV (214 nm) y=828.%—164.9 0.9997 5
Fluor. (338 nm) y=166.x—20.7 0.9999 338.80.8 1
RP-HPLC
Jasco
UV (214 nm) y=281807&+27241 0.9973 10
CD (220 nm) y=519%+ 1495 0.9886 0.0074 0.0006 100
Agilent
UV (214 nm) y=1117.&—27.9 1 5
Fluor. (342 nm) y=222.x+4.6 0.9999 344.21.2 1

rescence and CD measurements were done to evaluate the HPLC combined with CD detection was applied to find
results obtained by HPLC detection. out if this method is suitable to monitor secondary struc-
Intrinsic fluorescence and far-UV CD spectra of IFN- tural changes of IFNe2b. Therefore, the CBo/UV 214 peak
o«2b in presence of commonly used RP-HPLC mobile phasesarea ratio was determined for the protein when applied to
showed that the tertiary and secondary structures of the pro-SEC and RP-HPLCTable ). In view of the stand-alone far-
tein were affectedigs. 1 and 2 Whereas hardly any struc- UV CD measurements one would expect a somewhat higher
tural alterations were observed for the protein in 20% and CD,2¢/UV214peak arearatio with RP-HPLC than SEC, asthe
lower concentrations of ACN, altering of tertiary structure negativeAe-intensity at 220 nm was slightly higher in 50%
and loosening of secondary structure were demonstrated inACN and 0.1% TFA Fig. 2B). However, the CB,g/UV 214
30-60% ACN (Figsl1lA and2A). Loosening of secondary ratio obtained by RP-HPLC on-line appeared to be somewhat
structure indicates denaturation of the protein. When the pro-lower (Table J). Due to the relatively poor performance of the
tein was incubated with 10-60% ACN in presence of 0.1% CD detector at this low protein concentration level it is not
TFA the tertiary structure was altered but IFi2b was not clear whether thesas-intensity differences are significant.
denatured (FigslB and2B). This means that TFA prevents It seems that at this point CD detection at 220 nm is only
protein denaturation by high concentrations of ACN. TFA is interesting in case of major secondary structural changes of
an ion-pairing reagent that sets the low eluent pH and inter- the protein. For example, fully denatured proteins (no sec-
acts with the polypeptide to enhance the HPLC separation.ondary structure) would result in very low GRYUV 214 ra-
It is also known that TFA has denaturing propertj&9]. tios. Therefore, the CBy/UV 214 peak area ratio measured
For example, it was demonstrated that TFA (concentrations by our HPLC system is not sensitive enough for the detection
around 0.1%) induces extensive unfolding of cytochrame of minor secondary structural changes. The lower sensitiv-
characterised by a significant breakdown of the secondaryity of the CD detector is due to the fact that CD detection is
and tertiary structure of the protefig0]. Such an effect was  based on absorption differences between right and left circu-
not observed in the present study for Iklgb in presence larly polarised light§21]. Although CD detection at several
of ACN and TFA. Yet the secondary as well as the tertiary wavelengths would give more information about the struc-

structure of the protein were altered (Fig8 and2B); a rel- tural changes of a protein on-line, the sensitivity would still
atively morep-structure was obtained. This may explain to be not sufficient for analysing low protein doses occurring
some extent the benefits of TFA for resolution of llei®b in in biopharmaceutical products. Next to this, the CD detec-
RP-HPLC as was observed by Buchheit e{2]]. tor is only capable of monitoring one wavelength and from
220 nm. In view of the far-UV CD spectra it would be very
Table 2 informative to monitor also at lower wavelengtifsds. 2—3.
TheFmaxof various native biopharmaceuticals and their aggregates obtained Eventually, a more sensitive and scanning CD-detector from
via SEC with intrinsic fluorescence scanning detection 200 to 250 nm is needed to monitor the secondary structure
Biopharmaceuticals Fmax Native (nm) Fmax aggregates (nm) of proteins on-line accurately.
IEN-a2b 339.1+0.3 342,405 With respect to HPLC in combination with intrinsic fluo-
Met-hGH 339.140.3 337.3:05 rescence scanning detection, the obtained fluorescence spec-
TIG 338.5£0.7 340.9£0.7 tra were analysed to retrieve information from the tertiary

HSA 342513 342.8-0.4 protein structure of IFN2b during SEC and RP-HPLC.
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spectrum of IFNa2b aggregates (B) and native IFkdeb (C).

When 0.5-1Gwg IFN-a2b was applied to SEC with PBS the structural information obtained by HPLC-fluorescence,

as mobile phase, thEnax was 338.8: 0.8 nm {Table J). this detection mode showed other advantages compared to
This Fmax resembles th&nax (338 nm) obtained by stand- HPLC-UV. As shown by the LOD value ifable 1, intrin-
alone fluorescence measurements on tE24-in PBS Fig. 1) sic fluorescence detection appeared to be more sensitive than

and it confirms the native conditions applied with SEC. The UV detection in the analysis of IFN2b. In general, the in-
Fmax Of IFN-a2b applied to RP-HPLC was determined to be trinsic fluorescence intensity is dependent on the amount and
344.2+ 1.2 nm {Table 1. Taking into account that the pro- location of the Trp residues in the protein molecule. In case
tein eluted at approximately 50% ACN in presence of 0.1% of IFN-a2b two Trp residues are present per molecule. If no
TFA, the correspondin§max Obtained by stand-alone mea- Trp residue would be present in a protein molecule one can
surements was 342.5 nri@. 1B). Additional experiments  consider to excite at 280 nm. In this way thgax of the flu-

with the fluorescence detector in a stand-alone setting (dataorescence emission spectrum is indicative of the degree of
not shown) revealed that the,sx was 344 nm. This suggests  solvent exposure of the side-chains of tyro§2#. Another
slight differences between calibration of the spectrofluorom- practical advantage of HPLC-fluorescence above HPLC-UV
eter and fluorescence scanning detector. In any case, thesis the higher selectivity of intrinsic fluorescence detection
FmaxVvalues indicate that the tertiary protein structure of IFN- (seeFig. 3A and C). In general, matrix compounds such as
a2b was affected by the RP-HPLC conditions. Overall, the pharmaceutical excipients and buffer components do not in-
results obtained by HPLC in combination with fluorescence terfere inthe intrinsic fluorescence chromatogram. Therefore,
scanning detection correlate with the results obtained by themore simple chromatograms will be obtained and peaks can
stand-alone measurements. Therefore, this HPLC set up ishbe easily attributed to be proteinaceous compounds or not.
suitable to monitor structural changes of the protein on-line  HPLC combined with intrinsic fluorescence scanning de-
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