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Undergraduate and Post Graduate work at Washkewicz College of Engineering, CSU
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Next Step in Journey

Student . Senior Design
Research q J’*| Project

Experiences Application

Doctor of Philosophy (Ph.D.) Chemical Engineerinc
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Doctor of Philosophy (PhD) work at the University of Michigan, Ann Arbor, Ml
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“ ! Ongoing Burden of Respiratory Viruses

Seasonal Influenza
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HemaggJutimn (HA) - 18 subtypes
¢ Binding

* Membrane fusion

Neuraminidase (NA) - 11 subtype

 Escape from infected cells
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Split or Subunit Vaccine
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Existing Vaccine Platforms

Jan | Feb | Mar | Apr | May | jun | jul | Aug | sep | occ  SPlit or Subunit Vaccine
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SRS
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Live Attenuated Vaccine
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ine Antigens

— l'o elicit protective immune response:
High degree of organization and repetitive structure
Both antibody and T cell immune response
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- Virus-like Particle (VLP)

&)

VLPs as Next Generation Vaccines

) VLPs to elicit broadly protective immune
emains challenging

+ Difficult to incorporate certain antigens

+ Benchmarking different VLP designs — missing
; ters (e.g. yield, quality)

Evaluating immunogenicity and elucidating
mechanisms of protection
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mproving Yield and Quality of VLP Vaccines
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7. Enhancii e i
of/n//uénézg A/z’gevf/:sld and Quality 2. Pseudotyping Improves Spike Yield of
Functional SARS-CoV-2 VLP .
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3 Deve/_opment of Workflow for
Evaluating Vaccine Efficacy

Improving Yield and Quality of VLP Vaccines

2. Pseudotyping Improves Spike Yield of
Functional SARS-CoV-2 VLP

Enhanced VLP Quality (S Ectodomain |G polH ¢ pl0
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1. Enhancing the Yield and Quality
of Influenza M2 VLPs

VLP Splke Yield (glt)
2

°

. |an
Cytopathic Effects | Cytop: fects S0
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s ) il
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Zak, AJ.; Hill, B. D:;... Wen, F. ACS Synth. Biol. 2019.
Zak, AJ.... Wen, F. JMS. 2023.
o

3. Development of Workflow for )
5 o 5 “Hill, B. D.; *Zak, AJ.;... Wen, F.JCI Insight 2024.
EVGluatlng VGCCIne Eﬁ’CC’Cy *Hill, B. D.; *Zak, AJ.;... Wen, F. Manuscript in Prep. 2024.

Determining 50% Characterizing Determining

Lethal Dose LD50 Immune Response \accine Efficacy by
to Vaccination Viral Challenge

Propagating &
Titering Influenza
Virus in Mice
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Potential of Full Length M2 in VLPs

M2 Tonj Saitss
hannel | «

Vaccination P
Conserved T ce

Doctor of Philosophy (PhD) work at the University of Michigan, Ann Arbor, Ml

Potential of Full Length M2 in VLPs

3 Production Potential: M2 Membrane
M2 Ion b scission increases i
“hannel {
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Potential of Full Length M2 in VLPs

Production Potential: IV
scission incr

M2TIon "7y "%
Channel |

2 Virol 2020.

“hallenge: M2 expression associated with
ath in other
nalian cells)

Project Goals

« Investigate effects of M2 expression in
Spodoptera frugiperda (Sf9) insect cells

—

+ More efficiently incorporate full-length M2
into VLPs

- B [ Gl Calllysis
% Baculovirus-Insect Cell

- =m m | m [T System

Yoo, G52k, A Hil
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M2*

ular Spindle Morphology |
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M2* + 100 pi
Amantadine

Alleviating M2 Cytopathic Effects
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Evaluating Influenza Protein Expression
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Evaluating Influenza Protein Surface Expressior

100 uM
A ntadine

Improving VLP Yield Quantity & Quality
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‘ Improving VLP Yield Quantity & Quality
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ing the Yield and Quality 2. Pseudotyping Improves Spike Yield of
1 M2 VLPs Functional SARS-CoV-2 VLP

S Elodoan AT

-

3. Development of Workflow for
Evaluating Vaccine Efficacy

wor L Wommmmzon |,

Additional Projects

GATE Analysis Improves the Interpretability of Si
Landscape of Influenza Infecti

Compensation

Engineering Saccharomyces Cerevisiae for the Production of Influen
Virus-like Particles (VLPs)
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Post Doctoral work at Hikma Pharmaceuticals, Bedford, OH
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| Hikma Pharmaceuticals: Generic Drug Formulations
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Hikma Pharmaceuticals: Generic Drug Formulations
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Quantitative Risk Analysis

77777 B L + Key Contribution: Developed a Broadly Applicable Quantitative Risk A
Drug Product Failure

Problem: Drug Product fails
| particle size specitication

Supplier API Specification:
« Dv50:4.2-7.5um

Drug Product Specification:
+ D¥50:5.07.0um

Question: Why does drug
product fail?

Quantitative Risk Analysis

Key Contribution: Developed a Broadly Applicable Quantitat

10 16

@ | o '

| »n
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4

Drug Product Specification:
 DV50:5.0-2.0 pg

or Ove Gum)

Quastion: Why does drug.
product fail?

Quantitative Risk Analysis

* Key Contribution: Developed a Broadly Applicable Quantitative Risk Analysis to Mitigate
Drug Product Failure

Prablem: Drug Product fails = Drug Product vs. Incoming API Size
particle si: i

Supplier APl
+ Dv50:4.2-7.5 ym

Orug Product
+ DY50:5.07.0 pry

0P DvS0 (um)

Question: Why does drug
product fail?

6
APIDVE0 ()

3. Determine regions of Passinu/Failing

Lubrizol

|
i
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Quantitative Risk Analysis

* Key Contribution: Developed a Broadly Applicable Quantitative Risk Analysis to Mitigate
Drug Product Failure

Problem: Drug Product fails Ty e Drug Product vs. Incoming AP Size:
particle size specification = °~5°(vﬂ,'l,'L'ﬁ:w
50 s

Supplier API
* DVS0:4.2-7.5 pm

Drug Product Specification:
+ Dv50:5.07.0 pny

P DVS0 ()

Question: Why does drug
product fail?

3, Determine regions of [Falling

@

.r  Cleveland Sv;te University:

Quantitative Risk Analysis

* Key Contribution: Developed a Broadly Applicable Quantitative Risk An.

K alysis to M
Drug Product Failure

Problem: Drug Product falls
particle size specification

410 () 07 0v8
) 56

Supplier AP| Specification: b
+ Dv50:427.5um

Drug Product Specification:
+ Dv50:5.07.0umy

Question: Why does drug
product fail?

AP (i

Answar: APl and DP spocs
are misaligned (APl spec

4,Calculate Risk % Risk= —
Is “too wide")

37

[l

Quantitative Risk Analysis

* Key Contribution: Develoj
Drug Product Failure

ped a Broadly Applicable Quantitative Risk Analysis to Mitigate

100% Rk
e Drug Product vs. Incoming AP Size \_ ©! Falre
Sceam] Y

50% Risk
ot Fullure

Problem: Orug Product fails
particle si ificati

Supplier APl Specification:
+ Dv50:4.2-7.5ym

Drug Product Specitication:
+ Dv50:5.07.0um

0P OV50 (4m)

DOUHOT aw
§ : 7 Question: Why does drug
Repe] il product fail?

2010450 )

Answer: APl and DP specs
aro misaligned (API spec
s “too wide”)
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Cleveland State University |
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Quantitative Risk Analysis

* Key Contribution: Developed a Broadly Applicable Quanti
Drug Product Failure

Problem: Drug Product fails
particle size specification

Supplier API Specification:
+ Dv50:4.2-7.5um

Drug Product Specification:
+ Dv50:5.07.0um

e

Question: Why does drug
product fail?

Answer: APl and DP specs

PITIEDS Wt d

Is “too wide”)

Quantitative Risk Analysis

+ Key Contribution: Developed a Broadly Applicable Quantitative Risk A
Jrug Product Failure
Can b to any quantitative test method
{ation exists.
der functionality

+ Dissolution = f{assay, particie size, efc)

Quantitative Risk Analysis

* Key Contribution: Developed a Broadly Applicable Quantitative Risk Analysis to Mitigate
Drug Product Failure

— Can be applied to any quanti m\
1 be applied to any quantitative test method Drig Prodotve:Incorming AP ize A o1 Foaie i
+ Correlation exists /_/

— Consider functionality

+ Dissolution = f(assay, particle size, etc.)

ChE 307: Chemical

i Principles adapted from
Engineering Meth_gds |

0P DVE (um)

CL-DPSpec
R CLDE Specs
%= UnperCl-Lower Cl
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Cleveland S;te University |
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Cleveland Stace University |

ceutical excipients are substances other than the drug (active pharmaceutical
API) that have been appropriately evaluated for Safety and are intenticna

luded in a drug delivery system. They have némedicinal properties

Post Doctoral work at Lubrizol Corporation, Brecksville, OH
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Pharmaceutical Excipients Snapshot

o

+Carbopol® polymers. +Aplnovex™ polymer (oral arads)

+Noveon® AA-1 polycarbophil +Apisolex™ polyimers (injectable grade)

«Pemulen™ emulsifiers

Role of an Applications Scientist

alllab activities and other operations

sde projects[hands-on work in the laboratory

sdures (managing people)
q on various pr

iting reports/support patent filing

ussion

+ "What can I be doing now?"”

~ Do your research
+ Company Websiles, Linkedin, News arlicles, efc.
+ Block off 30 minfweek on your calendar
- Get your feet wet!
+ inlarnships/Co-Ops, University Research, Shadowing, elc.
+ Go-Op Office, Career Services Genter, Facully Websites/Graduale Students
~ Network..Network...Network
+ AICHE, CompanyUniversily ovents
~ Diversify your skills
+ 3D Printing, Data Science, ArificialIntellgence, elc
+ Find stuclured courses {CSU, Linkedin, YouTube, eic.)
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Questions & Discussion
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‘ Clevelancd State University

(L-R) Dr. Andrew Zak receiving CLE AIChE Steering Committee Appreciation Letter
from Mike Galgoczy (CLE AIChE Chair)
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(L-R) Dr. Andrew Zak receiving CLE AIChE Steering Committee Appreciation Letter
from Mike Galgoczy (CLE AIChE Chair

Page 31 of 32



CLE AIChE Dr. Andrew Zak April 9, 2025
CSU AIChE A Career Journey in Chemical Engineering WH-405

(L-R) Dr. Andrew Zak receiving CLE AIChE Steering Committee Appreciation Letter
from Mike Galgoczy (CLE AIChE Chair)
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