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Figure 1 Optimization of Optical Parameters

Screening Sialic Acid Content to Optimize

Figure 6 Change in Slope of Sialic Acid Standard Curves Over Time: Results
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: ) ) mparing Various Plate Incubation Methods ‘The overall scheme for the formation of free sialic acid and its subsequent conversion to hydrogen peroxide is shown in Figure 2.
. . . Dye sbsorbance () and emision spect (€) overlid wit the optmal | Sialidase A-51 (a 51 kDa isoform of Sialidase A) was selected as a means to release the sialic acid from the protein subsirates
Pharmacokinetics and Pharmacodynamics Crange n Sialle Acld Standard Curve Ovr Time e e o
of all molecular species of sialc acids, including most O-acetyl and N-glycolyl forms (Step 1).  After the complete felease of
) . 9000 sialfc acid, the sample was reated vith salc acid aldolase, pyruvate oxidase, and horseracish peroxidase in the presence of the
Of G choprote in Th erapeutl cS 3 8000 reacting dye (Assay Mixture) (Step 2) for color for intensity or
8 2 7000 Optimization of optical parameters. For the filter-based fluorescence plate reader, the optimal filter set for excitation and
H 3 w00 emission was determined empirically by testing a variety of fiter combinations (Figure 1). An excitation filter at 530 nm with
H 4 abandwidth of 30 nm (excitation maximum of the dye is 565 nm) combined with an emission filter at 590 nm with a bandwidth
g § 5000 —@—37°C, snakim of 37 nm (emission maximum for the dye is 585 nm) gave maximal fluorescence intensity at 1.0 nanomoles of sialic acid with
2 A E T 4000 L a signal-to-background ratio of about 10:1
2 s —— 37°C, no shaking
K &» 3000 / In related i of the optical was achieved for a monochromator-based fluorescence plate
Abstract 5 2000 —A— RT, no shaking reader using an iterative protocol. Initially the excitation was fixed at 560 nm and emission was determined at 5-nm intervals,
Sialic acid serves a critical role in mediating the effectiveness of recombinant therapeutic proteins, especially those f o —8— AT, shaking using a 1 nmole sample of sialic acid (Figure 3a). In a second experiment, emission of 590 nm was held constant and the
intended for intravascular administration. The presence or absence of this terminal sugar on the glycan side chains can o “ e “ 0 o g 1000 excitation was varied between 545 and 575 nm (Figure 3b). A significant decline in the signal-to-background ratio was
dramatically alter the residence time in the plasma (pharmacokinetics) and can also affect the pharmacodynamics of the Wavelength (nm) @ 0 observed as the excitation wavelength approached the emission maximum of 585 nm. Based on these experiments,
protein. The absence of sialic acid is a useful indicator that other carbohydrate residues, such as mannose, galactose or 0 10 20 30 40 50 6 70 80 subsequent assays were carried out at an excitation of 560 nm and emission at 590 nm, with a it width of about 5 nm.
N-acetylgalactosamine, occupy terminal positions on the glycan, which can interact with cell surface receptors and drive Plate Incubation Time (min) Atthese settings, the signal-to-background ratio was about 10:1.
clearance of the therapeutic from circulation (Hara et al. 1989; Hudson et al. 1973). In addition, the level of sialic acid and ) A P M S SRR Y
type of Inkags 1o the penulimate galactose residu on the Fo-glyean ahains of therapeutia antibodies alici sither an Figure 2 Enzyme-Coupled Assay for Sialic Acid Quantiation on Glycoproteins Linearity of D iy b L A e o e o rd w wi
Using Sialidase Release nsity most cases, the R-squared values were about 0.999-+ (Figures 4 & 5)

inflammatory or an anti-inflammatory response (Kaneko et al. 2006; Scallon et al. 2007).

The time courss fo the assay was monitored with 'qurssnsnce intensity detection by following the change in slope of the
It has been well established that sialic acid content and species distribution can be altered by cell culture conditions; the Step 1: Release of Sialic Acid Figure 7 Slallc Acid Standard Curves linear regression curve of the standard at room temperature or 37°C. The maximum signal was obtained after 40 minutes of
cell type used for the expression host; and cell culture media components. This mandates the evaluation of both sialic acid Glycoprotein + Sialidase — Sialic Acid + Glycoprotein g Fluorescence Detection incubation at room temperature and 20 minutes at 37°C (Figure 6). The signal at 1000 pmol, relative to the background
content and its various molecular species over the course of any protein process effort, such as T e ———— fluorescence intensity, remained relatively constant at about 30:1 for up to 70 minutes.
M OO T TR e T R e, Digestion times for optimal release of sialic acid can be determined independent i -
of the detection step. This allows for variations in the accessibility of the 7000 Using an earlier version of the assay, both filter- and monochromator-based measurements gave good linearity of response
In order to meet the need for a rapid, high-throughput means for screening a large number of samples, we have developed sialidase to the sialic acids residues on different types or classes of proteins. 000 using the Sialic Acid Standard between 0.2 and 1.0 nanomole, with correlation coefficients of about 0.9996 and 0.9981,
a fluorometric, enzyme-coupled method for sialic acid quantitation, which utiizes low levels (2 - 60 g) of protein in a ) . respectively (Figure 7). Relative error between the replicates at each concentration was 5% or less. Intra-assay error was
96-well plate format. We have qualified the assay using two instrument platiorms, a filter-based (PerkinElmer Victor™ Step 2: Detection of the Released Sialic Acid Using Coupled-Enzymes g oo about 5% (data not shown).
1420 Muttilabel Counter) and a monochrometer-based (BioTek® Synergy™ 4) fluorometric plate reader. Optimization of the N-acetylneuraminic acid aldolase catalyzes the reversible reaction: § oo B e ey s, Coe e T D e e e e
optical parameters for both assay platforms was performed. Both instruments gave similar results with a wide variety of £ ¢ werenaracter
g k . i Y < Sialic Acid 4—> Mannosamine + Pyruvic Acid g a0 The results correlated with published values for all proteins, including an immunoglobulin, (Table 1). Detection as low as 200
sialylated glycoproteins, including immunoglobulins. The results are consistent with previously reported values for sialic i N X , & T el T TO00 e e N ey
acid content using well-established, but significantly more complex and time consuming assays. In the high-throughput Variants of sialic acid, such as N-glycolyl- and some O-acetylneuraminic acids, 2000 o o o 4 e T T Y T T R
version of the assay, detection as low as 200 pmol of sialic acid can be made with an inter-assay relative error of 2 — 3%. are also converted to pyruvic acid and the corresponding mannosamine. 1000 Ri=09996 e > o z‘em"%o"; T LIEETE G0 B3 (D ERED = GGG CEIC L)
Atthe 1,000 pmol level, the signal-to-background ratio was >30:1. The assay is designed for maximal flexibility; assays Then pyruvate oxidase catalyzes the reaction: BRI ER D MEEDE - (b
can be carried out on a limited number of analytical samples or high volume analysis. Detection using fluorescence Pyruvic Acid —p Acetylphosphate + H,0, O oz os o a5 1o Evaluation of different microtiter plates on assay performance. The effect of both high protein binding and non-binding
intensity can be made at 50 - 1000 pmol of sialic acid and absorbance detection can be made at 1000 — 5000 pmol. Stalic Acid (nmol) surface microtiter plates on the assay was evaluated, using both instruments (Figures 8a & 8b). The signals for the various
Under the proper conditions, the forward aldolase reaction predominates; proteins were in close agreement and no significant differences were observed between the two plate types. With some
and when coupled with H,0, generation, the reaction will go to completion. proteins, a small increase in the relative error between replicates was observed using the high protein binding plates (Table
Introduction Hydrogen peroxide forms a 1:1 molecular complex with the selected dye when 2). However, these values were within the expected relative error (~5 %) for the assay.
Although a number of methods for quanmaﬂon of sialic acid have been developed, one of me mosl frequently employed catalyzed by horseradish peroxidase; the complex is intensely fluorescent Table 1 Sialic Acid Content of Typical Glycoproteins:
methods is analysis by high uid (HPLC) of pre-column derivatized (or and can be readily quantitated. Enzyme-coupled Assay Using Fluorescence Intensity
samples. HPLG analysis is advantageous because it offers an extremely high level of sensmwty (lemtomole range) and Conclusions
allows the identification of individual sialic acid species. However, HPLC analysis is cumbersome and time consuming, Dye + H,0, — Reporter Dye Glycoprotein MW Amount of Protein | Sialic Acid (molimol protein) Enzyme-coupled sialic acid quantitation on a variety of glycoproteins gave values in agreement with literature values, with
particularly when analysis of multiple samples is required. Moreover, the method is not readily adaptable to a ©a) Analyzed Reported Asay detection levels in the 0.2 to 1.0 nanomole range. Both fluorescence readers gave similar results. Microtiter plate type did
high-throughput modality. et ovne) w000 0057 ool 181 o | raseom not significantly affect assay results with the proteins tested. The method is advantageous, providing sensitive, rapid
We have developed s sensiive - me— Tl Figure 3 Determination of Optimal Excitation and Emission Settings Tt o o0 P . e P 'analysls (~70 minutes) e 96-well format, and is adaptable to a completely automated approach and therefore suitable
neuraminy! aldolase coupled with AT G P D AT e S e e o iy, T eeiia Using a Monochromator-based Instrument or screening requirements.
peroxide reacts with a dye that is intensely (or absorbant) (Figure 1). This method allows 9G (monkey)! 150,000 0:260nmol /39 g - 092002 This method has been shown to have superb assay precision as well as a high signal to background ratio (about 30:1). The
sample digestion, conversion, detection, and quantitation to be performed in a single well of a 96-well microtiter plate a. Emission is scanned reading every 5 nm, | b. Excitation is scanned with emission fixed at J T ————— format allows for the screening of multiple samples of recombinant therapeutic proteins during a process development effort
for fast and simple processing. Thus allowing sialic acid quantitation to be a suitable assay for drug discovery and other while excitation s fixed at 560 nm. 590 nm. Inserts show the signal-to-back- Tows o s, o7 H(3%0, 10 (v o o o “(epnier o, G o~ (l o, 2 such as cell-line selection, scale-up and cell-culture optimization.
screening applications. ground ratio at the various wavelengths.
This simple assay may be performed on purified whole protein or the glycan alone, and requires only three manipulations o . s 0 P T e D L D e NOTE: The method is available in kit form s the GlykoScreen"" Siallo Acid Quantiation Kt
by the operator after the samples have been dispensed into the wells: enzymatic digestion to release sialic acid; 8 oo 8 o0 I Surface () Microtiter Plates
reconstitution of the Iyophilized assay mixture in cold water; and addition of the resulting mixture to the silic acid g - £ oo
standards and protein samples. The progress of the assay can be monitored directly by following the formation of the £ N £ som a. Fiterbased instrument b. Monochromator-based instrument References
fluorescence or absorbance of the reporter dye and has been tested on multiple instruments. In most cases, the reaction é . 2 w0
is complete after 20 minutes at 37°C or 40 minutes at room temperature making this process readily adaptable for 30000 UL . Hara S, Yamaguchi M, Takemori Y, Furuhata K, Ogura H, Nakamura M.
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Materials and Methods i . 3 Raju TS, Briggs JB, Borge, SM, Jones AJS. 19G: evidence for
Release Enzyme: Glyko Sialidase A™ 51 gene from expressed in E. coli; ProZyme - — e 200TIEATI 56
product code GK80045). Assay mixture: pyruvate oxidase (Aerococcus sp.); N-acetylneuraminic acid aldolase (E. coli); Figure 4 Sialic Acid Standard Curve at Figure 5 Sialic Acid Standard Curve
horseradish peroxidase; and dye. Sialic Acid Standard: Silic acid (E. coli, 98% pure) was thoroughly dried over P,0, for the 200 -1000 pmol Scale atthe 1-5 nmol Scale FogoecaiE, Taylr  Deae MT, Marz L, Hation MAC. Three types of Biochem
1 week under vacuum. A stock solution was prepared at a concentration at 100 mM in water. Using Fluorescence Detection Using Absorbance Detection Rohrer JS, Thayer J, Weitzhandier M, Avdalovic N. Analysis of

Giycobiology. 1997,8:35-43

(y = 7785.2x + 13.85, R¢ = 0.9991) (y = 0.0991 x - 0.007, R* = 0.9990)

Instruments: Absorbance determinations were made on a Multiskan® microtiter plate reader (Thermo Fisher Scientific) S e swe  eme  sowe e o sews e e 1 oo oty 56 o, s 15
Fluorescence intensity determinations were made on a Victor? 1420 Multilabel Counter (PerkinElmer) using an optimized Sialic Acid Standard Curve Sl Acd Staniard Corv e s ML P TS e
filter set, 530DF30 and 590DF35 (Omega® Optical) (Figure 1), and a monochromator-based Synergy 4 Multi-Detection 9000 06 e i
Microplate Reader (BioTek Instruments). Thermomixer® microtiter plate shaker with temperature control (Eppendorf) was o000 — " — RG. Studies on Fetun. a giyooprotei offetal J ol Chem. 1960
used for plate incubation before measurements. Microtiter Plates: Black, flat bottom plates, Non-Treated (high protein 7000 o8 Table 2 Aszay P;ryovmanc: IUsmg High Protein Binding vs. Non-Binding ‘Townsend R, Manzi A, Merkle RK. Rohde MF, Speliman M, Smith A, and Carr SA, Quantitative Monosaccharide Analysis: A Mult-Center Study.
binding) and Non-Binding Surface, polystyrene (Corning® Costar®) were used for analysis. g 000 . 04 urface Microtiter Plates Resource Facity.
§ s H

The Method: Sialic acid was released from the target proteins (2 ~ 60 ug) by enzyme digestion using 20 - 40 mu of £ w0 g 0 Glycoprotein % Relative Error
Sialidase A-51. Digestions were performed in a 96-well microtiter plate in 50 mM phosphate buffer (pH 6.0) in a total S 3000 2 o2 ProZyme, Giyko®, GykoScreen" and Siaidase A™ are rademarks of PraZyme, Inc., San Leantro, CA, USA
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volume of 50 i for 0.5 - 1 hour at 37°C. Solutions of the Sialic Acid Standard were added to empty wells at various levels o0 <. igh Protein Binding Non-Binding Surface Vit stematof e, ltam, W, USA
and water was added to bring them to a total volume of 50 ul. The assay mixture, once reconstituted, was added 1000 g ) Fetuin (oovine) 633 141 BTk and Syersy ™ e vademarks o BTk Isrumerts, e, Winoos. T USA
immediately to the wells with the sialic acid standards and the protein samples. The plate was mixed for ~30 seconds on o —_—— Transferin (numan) 362 o0 i o S, . W 5k
a shaker and then incubated, with or without shaking, at room temperature or at 37°C for varying periods of time, with a o oz o4 os o8 1 12 L Transferrn (boving) 125 305 T 2ttt ot St o GO
total volume of 120 ul in each well prior to analyzing. Sialic Acid (nmol) Siallc Acld (nmol) 1gG (monkey) 203 1.36 ‘Coming® and Costar® are registered trademarks of Corning, Incorporated, Corning, NY, USA
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