
• Chloroplast vectors 
with the human ACE2 

gene
• Gene gun 

bombardment on 
lettuce plant 

• Molecular and 
biochemical 

characterization
• CTB-ACE2 

expression: Western 
blot

Daniell lab 
greenhouse 

& 
Pennovation 

Center

Growth of 
Plants and 

Seed 
Production

Leaf Biomass 
Harvest, 

Cleaning, and 
Sterilization

• Fraunhofer harvest at 58-, 90-, 
107-, and 120-days during 

photoperiod 
• Sterilization: 200 ppm chlorine 
using food grade Ca(OCl)₂ in USP 

grade water for 5 min
• Washing: 3 times, USP grade 

water (final chlorine level < 4 ppm)
• Drying: Food grade centrifugal 

dryer

Grinding/ 
Sieving

Sterile room
• Grinder: Biolomix Mill 

grinder, Swing type –
700g

• Grinding Time: 12 s 
• Sieving: ASTM E11-

710 µm pore size

Biomass 
Production

Fraunhofer cGMP hydroponic 
facility

• LED light: fluences 
SPYDRx 368 µmol/m²S on 

a 16 h day
• 8 h night photoperiod

• Temperature: 24°C ± 2  day 
& 20°C ± 2 night

• Humidity: 60% ± 10
• Air flow: 1.2 m/s

Lyophilization

Lyophilizer: Ultra50
• Freezing: -40°C for 3 h 

at a vacuum of 400 
mTorr

• Drying: 25 °C for 66 h
• Storage: Transfer to 

mylar bags with 
desiccants  at ambient 

temperature

• Bioburden: USP <61> 
<62>

• Moisture content: Karl 
Fischer titration

• CTB-ACE2 expression: 
Western blot

From lab to the clinic – CTB-ACE2 chewing gum 

Chewing Gum 
Production

Per Os Biosciences
• Mix ground powder, sugars, and 
flavors (3-7 min) with molten gum 

base (60 – 82.2°C)
• Conditioning: 23.9°C, 6 h

• Punching gum tablets (US patent 
9,744,128)

Storage of 
Gum Tablets

Laboratory 
Assessment -
Plant Powder 

Transfer to mylar 
bags with 

MiniPax® absorbent 
packets at ambient 

temperature

Laboratory 
Assessment -
Gum Tablets 

• Bioburden: USP <61> 
<62>

• Moisture content: Karl 
Fischer titration

• CTB-ACE2 expression: 
Western blot

Clinical Trials

• Toxicology/safety 
study

• Pharmacokinetic 
study/quality 
assurance

• Investigational New 
Drug (IND) 

submission and 
approval

• Phase I/II clinical 
trials

Creation of 
CTB-ACE2 

Lettuce

Fig. S1: Schematic diagram of the process of chewing gum – from lab to the clinic. The chronological sequence of steps in the chewing gum manufacturing process
from creation and characterization of plants expressing CTB-ACE2, production and characterization of the chewing gum and steps towards clinical development. Steps #1
to Step #11 are described in detail in Daniell et al. 2020 and Daniell et al. 2022 and US patents 11,246,819 (2022) and 10,806,775 (2020). Step #8 is described by Per Os
Biosciences in the US 9,744,128 patent.
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Fig. S2: CTB-ACE2 dose quantitation in chewing gums: (A,B) Western blot analysis for CTB-ACE2 after release by sonication. Data present as Mean ±SD ; n=4. (C,D) Western 

blot analysis for CTB-ACE2 immediate natural release without sonication. Data presented as Mean ±SD ; n=4.
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Fig. S3: FRIL Plaque Reduction Neutralization Assay: FRIL inhibition of Vero under infective dose of H1N1 (A/California/7/2009-X181) and H3N2 

(A/Singapore/INFMH-16/0019/2016).



Fig. S4: FRIL Plaque Reduction Neutralization Assay: FRIL plaque reduction neutralization assay with H1N1 (A/California/7/2009-X181) and H3N2 

(A/Singapore/INFMH-16/0019/2016) with FRIL chewing gum and placebo gum. The data represents Mean ± SD of plaque numbers from three independent 

experiments in duplicates. In each experiment different amounts of FRIL gum was evaluated in two duplicates. Plaque formation (%) is normalized among 

experiments. 
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Fig. S5 Cyclic loading data generated by Merlin software for the CTB-ACE2 chewing gum, Instron machine set up and visual observations. (A) Extension (mm)

versus load (N) applied on the chewing gum and the plant extraction buffer (PEB) slurry during different grinding cycles. (B) Time (sec) versus load (N) applied on the CTB-

ACE2 chewing gum and PEB slurry during different grinding cycles. (C) Visualization of the CTB-ACE2 chewing gum tablet (365.8 µg dose) slurry in PEB at different

chewing times (0, 10, and 20 mins). (D) Experimental set up of the Universal Mechanical Testing Machine with Merlin software (Instron Model 5564) and cup.


