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Insulin is a hormone that regulates glucose
intake by cells.

Patients with diabetes are insulin-deficient.

Diabetes is treated by injection of engineered
insulin analogues.



INSULIN THERAPEUTICS
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Viscosity n

Next Step: Does r =
- Shear Rate (s
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Possible Outcomes

Rod Lengthening/Breaking Alignment with Applied Shear
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Project Overview

Objective: Determine if shear affects insulin self-assembly
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Samples sheared at different shear rates to probe
their viscosity
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Small-angle neutron scattering applied during
shear for structural data



Viewing Nanostructure With Small
Angle Neutron Scattering




wWhy SANS?

Probes appropriate length
scale to view:

o Structure
o Orientation of structures

Isotropic orientation
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Rheology Measurements

Instrument: Anton Paar
MCR 502 Rheometer

Shear Rates: 0-3500 s
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SANS Measurement
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Sample Preparation
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NacCl
Zinc
D})

Phenol

Phosphate

Buffer

NaCl Concentrations

150 mM

Insulin Concentrations

NaCl ions
screening charges




Rheology: Viscosity vs. Shear Stress
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SANS Data: Increasing Salt
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Higher Order Structures: SAXS Comparison
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Shear Thickening
Dependence on Shape
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SANS Data: Increasing Salt Concentration
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Electrostatic Interactions?
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Electrostatic Interactions?
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Summary of Findings

Structure

Rods form, lengthen, and order with increasing NaCl and
insulin concentrations

Very little shear dependence

Rheology
Shear-thinning — Shear-thickening

Critical shear stress (electrostatic barrier?)

Future Outlook
Tests with higher shear rates, lower g
More rheological studies
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