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Learning Structure Activity Relationship (SAR) of the Wittig Reaction 
from Genetically-Encoded substrates 

 • Reaction rate of Wittig reaction strongly depends on the two N-terminal amino acid.
                                                   

Reference: Triana, V., a Ratmir Derda. "Tandem Wittig/Diels–Alder diversification of genetically encoded peptide libraries."  Organic & biomolecular chemistry 15.37 (2017): 7869-7877.
                    Triana, V. 2018, ‘Phage display as a Combinatorial Chemistry Platform for Discovery of Chemical Structure-Activity Relationships’’, Master thesis, University of Alberta, Edmonton.

• Hydrogen bonds inside the peptide backbone stabilize the transition state (TS) and accelerate this reaction. 
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• DFT calculation of transition state geometry by gaussian shows in model peptide CHO-Ala-Ala, 
  hydrogen bonds between backbone contribute to stablization of TS.

‡

with intramolecular hydrogen bonds
accelerate 

Pro-Pro 
with no intramolecular hydrogen bond

decelerate

• Peptides with penultimate Pro-Pro exhibit a signi�cantly decreased reaction rate. 

Introduction
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Transition state of CHO-Ala-Ala
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Transition state of CHO-Sarcosine-Sarcosine
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Plausible hypothesis for SAR  

DFT geometry calculation

Apply to machine learning
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pH 6.5, 10 min
 

2. aq. Na2CO3, pH 11

PCR 1. Deep Seq.
2. 20:20Plot
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second amino acid

W

F

R
K
Q
E
D
N
Y
P
T
S
H
A

I

L
V

G

M

C
R K Q E D N Y P T S H A GWM F L V I C

second amino acid

capture
calculate
DC (deep
conversion)

R K Q E D N Y P T S H A GWM F L V I C

W

F

R
K
Q
E
D
N
Y
P
T
S
H
A

L
V

G

M

C
I

second amino acid
R K Q E D N Y P T S H A GWM F L V I C

{substrate} {product}

react

elute

PFUinput

 

titer

PPh3
O

O

B YEB

Eluted
Library

D

K

E
Q

R

DK EQ

R

Sequences on a 20:20Plot

second letter

fir
st

 le
tte

r

DEER

KRED
RED*

DRED

0.4 mM

0 2 4 6 8 10 12
log2(ppm)
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Experiment design

Ala-Ala

4.71

9.449.37

12.95

Sar-Sar

12.76

17.83
19.81
21.53

TS1 TS2 TS1 TS2

kCal/Mo

12.60

12.24 8.91

5.82

Ala-Sar

11.60

18.80

12.98

8.56

Sar-Ala

TS1 TS1 TS2TS2

1.97 3.15

2.09

2.28     

3.131.95

/Å

trans Ala-Ala trans Sarcosine-Sarcosine

 

ylide

peptide backbone

HCO-AA
HCO-SarSar
HCO-PPAA
HCO-PPAA

CH3OCOCH2PPh3
CH3OCOCH2PPh3
CH3OCOCH2PPh3
Biotinylated(PEG)2
OCOCH2PPh3

0.093 ± 0.02
0.021 ± 0.01
0.035 ± 0.01
0.024 ± 0.002

Peptide                                      k (M-1s-1)             
  Sequence                   Ylide             measured by HPLC   

DFT Gibbs free energy calculation
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 DFT calculation vs experimental data

• DFT calculation of gibbs free energy showed that intramolecular hydrogen bonds can stablize 
  transition states.
• trans TSs are more favored than cis TSs. 

• Model peptide with hydrogen bonds showed higher reaction rate.
• trans TSs are more favored than cis TSs. 
• Experimental data fits with DFT calculation.
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 Original Observed Data (Filtered C and PXXX)
Observed Data labelled with -1, 0, 1 for bottom 5%, middle 

90% and top 5% respectively. 

 Predicted Probabilities  (Filtered C and PXXX)
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Predicted labels for unobserved sequenes with -1, 0, 1 for 
bottom 5%, middle 90% and top 5% respectively. 

• XGBoost was used to train the dataset to predict 
   unobserved peptides.


