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Influenza 

Type A

Type B

Type C

Type D

Overview of Influenza 
Most 

Severe 

1. CDC. Types of Influenza Viruses. Centers for Disease Control and Prevention. https://www.cdc.gov/flu/about/viruses/types.htm.
2. Huffman, B. Cow | Mammal. Encyclopædia Britannica; 2018.
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Structure of Influenza A

H1N1 H5N1
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Thr

Key: 
 Sialic Acid
 Galactose
 N-acetylgalactosamine (GalNAc)
Thr = Threonine

Hemagglutinin Neuraminidase (enzyme) 

McAuley, J. L.; Gilbertson, B. P.; Trifkovic, S.; Brown, L. E.; McKimm-Breschkin, J. L. Influenza Virus Neuraminidase 
Structure and Functions. Frontiers in Microbiology 2019, 10 (39). https://doi.org/10.3389/fmicb.2019.00039.

Glycan Chain 

Sialic Acid

Viral Infection of Influenza A  

Cell

Receptor-binding pocket 
containing charged residues 

Virus

How can we quantify 
neuraminidase activity?



Capillary Electrophoresis 
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Purpose: Separate analytes based on charge-to-size ratio
Separation dependent on:
• Electrophoretic mobility (EPH)
• Electroosmotic flow (EOF)
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Phospholipids
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DMPC DHPC

+ Aq

Cross-section view

Viscosity is dependent on:
• Temperature 
• Hydration (%)
• q – the mole ratio

Under gel phase temp:

Above gel phase temp:

Applications:
• Suppress EOF
• Improve resolution
• Localize enzymes, substrates 

and inhibitors 
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IC50 vs Ki Curves

When [S] << Km then Ki = IC50

Casto-Boggess LD, Holland LA, Lawer-Yolar PA, Lucas JA, Guerrette JR. Microscale Quantification of the Inhibition of 
Neuraminidase Using Capillary Nanogel Electrophoresis. Anal Chem. 2022 Nov 22;94(46):16151-16159. doi: 
10.1021/acs.analchem.2c03584. Epub 2022 Nov 7. PMID: 36343965; PMCID: PMC9686991.

Ki = Dissociation constant 
IC50 = Inhibition constant  

𝐾𝑖 =
𝐼𝐶50

(1 +
𝑆

𝐾𝑚
)
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Altering Nanogel Concentration to Increase Resolution

Resolutions:
5% - unquantifiable

10% - 2.6 ± 0.1
15% - 3.3 ± 0.2
20% - 4.0 ± 0.1
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Capillary Patterning on a 10µm ID Capillary 
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H1N1 Neuraminidase Inhibition with DANA 
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H1N1 IC50 Curves of DANA, Oseltamivir Acid, and Peramivir  

Oseltamivir Acid is the strongest therapeutic!
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H5N1 Neuraminidase Inhibition with Peramivir 
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Conclusion:
➢ Measured the effectiveness of neuraminidase inhibitors for H1N1 and H5N1 influenza A 

pandemics 
➢ Oseltamivir had the stronger therapeutic effects against H1N1 neuraminidase 
➢ Lower IC50 value for peramivir with H5N1 when compared to H1N1 neuraminidase 

Future Directions:
➢  Evaluate other recombinant multimeric enzymes
➢  Measure the effectiveness of these inhibitors with 3’sialyllactose  
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Questions?
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Capillary Electrophoresis 

Advantages:
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Purpose: Separate analytes based on charge-to-size ratio

• Nanoliter reagent volumes
• Automation
• Fast run times
• Separation modalities 
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Mobility dependent on:
• Molecular charge
• Atomic radii
• Viscosity of surrounding 
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Separation of charged species under reverse polarity conditions 

Mobility dependent on:
• Molecular charge
• Atomic radii
• Viscosity of surrounding 

EOF
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Separation of charged species under reverse polarity conditions 

Mobility dependent on:
• Molecular charge
• Atomic radii
• Viscosity of surrounding 

EOF



Cross-sectional View of a Capillary 
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------------+ + + + + +

- - - - - - - - - - - -++++++

+ + +
+ +

+
- -

- -

+ + +
+ +

+
- -

- -

+
+

+

+
+

+

+
+

+

+-
-

-
-

-

-

-

-

- -

Cathode 
(-)

Anode 
(+)

Fixed Layer

Diffuse Layer

Bulk Solution 

] Electrical Double layer 

20

Separation of analytes occur via:
• Electroosmotic Flow 
• Electrophoretic mobility 



Electroosmotic Flow (EOF)
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Direction of bulk solution flow under reverse polarity conditions   



22

Effect of 100 mM NaCl on H1N1 Neuraminidase Conversion 

% Conversion and Activity Remaining are statistically different 
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Resolution Achieved with Increased Nanogel Concentration 
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5% vs no 5% 

Avg % conversion is 
statistically different but 

activity remaining remained 
the same 
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DANA Zone Study – H1N1
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Oseltamivir Acid Zone Study – H1N1



27

Peramivir Zone Study – H1N1



28

The Effect of 6SL Concentration on Conversion
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The Effect of the Post Plug Injection Size on Area and Conversion 
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All DANA IC50 curve electropherograms 

Curve 1: Curve 2:
Curve 3:

Curve 4:

Curve 5:

IC50 = 4.00 µM IC50 = 4.45 µM IC50 = 2.61 µM IC50 = 3.10 µM IC50 = 3.07  µM
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All Oseltamivir Acid - IC50 curve electropherograms 

Curve 1: Curve 2: Curve 3:

IC50 = 17.91 nM
IC50 = 18.86 nM

IC50 = 17.97 nM
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All Peramivir - IC50 curve electropherograms 

Curve 1: Curve 2: Curve 3:

IC50 = 75.61 nM
IC50 = 65.25 nM

IC50 = 59.33 nM
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Resolution Achieved with Increased Nanogel Concentration - MES
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0mM NaCl – H5N1

% Conversion is statistically different where as activity remaining is the same  
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100mM NaCl – H5N1

% Conversion is statistically different where as activity remaining is the same  
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Peramivir Zone Study – H5N1
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All Peramivir - IC50 curve electropherograms – H5N1 
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B. DANA

A.) PubChem. 6’-Sialyllactose. pubchem.ncbi.nlm.nih.gov. 
https://pubchem.ncbi.nlm.nih.gov/compound/6_-Sialyllactose#section=2D-Structure 
B.) 2-Deoxy-2,3-dehydro-n-acetyl-neuraminic acid | C11H17NO8 | CID 65309 - PubChem (nih.gov)
C. Oseltamivir | C16H28N2O4 | CID 65028 - PubChem (nih.gov)
d. Peramivir | C15H28N4O4 | CID 154234 - PubChem (nih.gov)

C. Oseltamivir Acid

D. Peramivir 

A. 6’-Siallylactose

Substrate & Inhibitors 
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https://www.cdc.gov/flu/about/viruses/types.htm

Naming Influenza Viruses

strain A/Brevig Mission/1/1918 H1N1
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McAuley, J. L.; Gilbertson, B. P.; Trifkovic, S.; Brown, L. E.; McKimm-Breschkin, J. L. Influenza Virus 
Neuraminidase Structure and Functions. Frontiers in Microbiology 2019, 10 (39). 
https://doi.org/10.3389/fmicb.2019.00039.

Charged residues such as:
• Arg 118 (+)
• Asp 151(-)
• Arg 152 (+)
• Arg 224 (+)
• Glu 276 (-)
• Arg 292 (+)
• Arg 371 (+)
• Tyr406 (hydrophobic side chain)

Residues within catalytic site 
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Enzymatic Reactions 

Enzyme

Substrate

Enzyme + Substrate 

Products 

Enzyme

Sialic Acid

Lactose (Fluorescently tagged product)

6’-Siallylactose 
(Substrate)

Pandey, R.P., Kim, D.H., Woo, J. et al. Broad-spectrum neutralization of avian influenza viruses by sialylated human milk 
oligosaccharides: in vivo assessment of 3′-sialyllactose against H9N2 in chickens. Sci Rep 8, 2563 (2018). 
https://doi.org/10.1038/s41598-018-20955-4

Active 
site 
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Wobble. simplified lactose chemical structure. Wikimedia Commons. 
https://commons.wikimedia.org/wiki/File:Lactose(lac).png.

Galactose Glucose 

Lactose
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Nanogel

Theron J. Pappas, Lisa A. Holland, Fluid steering in a microfluidic chip by means of thermally responsive 
phospholipids, Sensors and Actuators B: Chemical, Volume 128, Issue 2, 2008, Pages 427-434, ISSN 0925-4005
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Push studies 

Casto-Boggess, L. D.; Holland, L. A. Fluorescent Parallel Electrophoresis Assay of Enzyme Inhibition. Analytica Chimica 
Acta 2024, 1296, 342268. https://doi.org/10.1016/j.aca.2024.342268.
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% Conversion & % Activity Remaining Calculations

This is a drawling… Not real data!! 

RFU = relative fluorescence units

Enzyme only

Enzyme + Inhibitor % 𝐴𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝑅𝑒𝑚𝑎𝑖𝑛𝑖𝑛𝑔 =
𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑜𝑟 % 𝑐𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛

𝐸𝑛𝑧𝑦𝑚𝑒 % 𝑐𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛  
∗ 100

% 𝐶𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛 =
𝑃𝑎𝑟𝑒𝑎

𝑆𝑎𝑟𝑒𝑎 + 𝑃𝑎𝑟𝑒𝑎

S

P
C

Equations:

1.) Enzyme Only 

2.) Enzyme + Inhibitor  

% 𝐶𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛 =
𝑃𝑎𝑟𝑒𝑎

𝑆𝑎𝑟𝑒𝑎 + 𝑃𝑎𝑟𝑒𝑎

3.) % Activity Remaining 

4.) % Inhibition 

% Inhibiton = 100 − % Activity Remining 
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Influenza Types 

Francis, Magen & King, Morgan & Kelvin, Alyson. (2019). Back to the Future for Influenza Preimmunity—Looking Back at 
Influenza Virus History to Infer the Outcome of Future Infections. Viruses. 11. 122. 10.3390/v11020122. 
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Sieving 

Crihfield, C. L.; Holland, L. A. Protein Sieving with Capillary Nanogel Electrophoresis. Analytical Chemistry 2020, 93 (3), 1537–
1543. https://doi.org/10.1021/acs.analchem.0c03865.
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Lorens van Dam; Karlsson, G.; Edwards, K. Direct Observation and Characterization of 
DMPC/DHPC Aggregates under Conditions Relevant for Biological Solution NMR. Biochimica et 
Biophysica Acta (BBA) - Biomembranes 2004, 1664 (2), 241–256. 
https://doi.org/10.1016/j.bbamem.2004.06.005.

Structure of Lipids
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Structure of Lipids

Using a Cryo-TEM

Arrows: 
A = disc face
B = edge 

q=2.2
C = elongated distorted dics

q=3
C = quasi cylindrical micelle

Lorens van Dam; Karlsson, G.; Edwards, K. Direct Observation and Characterization of 
DMPC/DHPC Aggregates under Conditions Relevant for Biological Solution NMR. Biochimica et 
Biophysica Acta (BBA) - Biomembranes 2004, 1664 (2), 241–256. 
https://doi.org/10.1016/j.bbamem.2004.06.005.
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https://akonscientific.com/product/6-sialyllactose/

They play essential roles in 
• Cell recognition
• Immune response
• Cell signaling
• Host-pathogen interactions 

6’-SL
Alpha-keto acid sugars with a nine-carbon backbone
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Zhu, Y.; Zhang, J.; Zhang, W.; Mu, W. Recent Progress on Health Effects and Biosynthesis of Two Key Sialylated Human 
Milk Oligosaccharides, 3′-Sialyllactose and 6′-Sialyllactose. Biotechnology Advances 2023, 62, 108058–108058. 
https://doi.org/10.1016/j.biotechadv.2022.108058.

6’-SL
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O and N linked glycans 

Gao, Y.; Luan, X.; Melamed, J.; Brockhausen, I. Role of Glycans on Key Cell Surface Receptors That 

Regulate Cell Proliferation and Cell Death. Cells 2021, 10, 1252. https://doi.org/10.3390/cells10051252
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O and N linked glycans 

Cherian, R. M.; Jin, C.; Liu, J.; Karlsson, N. G.; Holgersson, J. A Panel of Recombinant Mucins Carrying a 
Repertoire of Sialylated O-Glycans Based on Different Core Chains for Studies of Glycan Binding 
Proteins. Biomolecules 2015, 5 (3), 1810–1831. https://doi.org/10.3390/biom5031810.
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