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When Genome to Phenome Works
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When Genome to Phenome Works

3Nat. Biotechnol. 2003, 21, 796

Using synthetic biology/metabolic engineering to produce the 

antimalarial drug artemisinin



Genetically Identical, but….

• Most of us in this room have 

Candida albicans in us right 

now

• Based on environmental 

cues they develop hyphae 

and become extremely 

virulent

̶ 33%-50% mortality rate upon 

diagnosis of systemic 

candidiasis

• Genetically identical

• This is a social behavior

Proc. Natl. Acad. Sci. USA 2009, 106, 19375 4



Nature vs. Nurture

• How do environmental cues 

and social interactions affect 

development?

• Serial killers, terrorists, and 

mass murderers are very 

unlikely to be the product of 

a genetic mutation

• These two have killed far 

more people than AIDS has

• HIV: 6,271 US dead in 2014

• Suicide: 42,773 US in 2014
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Peptide Cues

• Social behavior in S. aureus

̶ Biofilm formation, expression of 

virulence factors, sporulation

• Social behavior in humans

̶ Pair-bonding, sexual function, 

stress, blood pressure, mental 

health, etc.

• So why aren’t these being 

utilized more?

Annu. Rev. Microbiol. 2001, 55, 165; Science, 2008, 322, 900 6
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Peptides are Rapidly Cleaved

7

• Grab a fistful of scrabble letters

• Synthesize the peptide they 

code for

• Inject it into your bloodstream

• Five minutes later it’s in           

your bladder



Need: Longer-Lasting Peptides

• Longer-lasting peptides would enable turning 

these social cues on and off and would complete 

the picture together with genomic tools

• What we do:
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Lysine

O
H
N

R

O

N

R

CH3 O

N

R

R' O

N

R'

N-methylation N-alkylation

O
H
N

NH3
+

O
H
N

HN O

PEG

O
H
N

N+
PEG

PEG

PEG

Literature PEGylation Our PEGylation

Longer-lasting



PEGylated Amino Acids
• PEG-Glutamine

• PEG3-Lysine

• Overall yields: 80% and 70%
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PEGylated GLP-1 Peptide

HAQGTFTSDVSSYLEGQAAKEFIAWLVKGR
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