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Table 4-2.  Physical characteristics of protein variants. 
 
 

molecular 

weight (g/mol) ! (M
-1

cm
-1

)

formal 

charge

# amino 

acids

1THF 29185 10360 -8 266

KE07 29350 17120 -5 266

1THF-1 29245 21480 -7 266

1THF-2 29225 21480 -8 266

1A53 30070 16360 0 261

KE59 29969 21920 +1 261

1A53-1 29974 27480 +1 261

1A53-2 29969 27480 +1 261

1A53-3 30071 27480 +1 261

1GOR 34564 55280 -4 318

HG-2 34440 55280 -4 318  
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Table 4-3.  Experimental characterization of designed Kemp elimination enzymes.  
 

 
 
 
 

parent mutation scaffold kcat (s
-1

) Km (mM)
kcat/Km         

(s
-1

 M
-1

)
kcat/kuncat

a Tm (°C)

HG-2 - 1GOR NA NA 130 NA 46.6

HG-2 D127N 1GOR NA NA 2 NA 51.0

HG-2 S265A 1GOR NA NA 54 NA 45.8

HG-2 K50A 1GOR NA NA 37 NA 49.3

HG-2 G81A 1GOR NA NA 17 NA 46.7

HG-2 S265T 1GOR 0.68 ± 0.4 1.6 ± 0.1 430 5.9E+05 47.9

1A53-2 - 1A53 0.012 ± 0.002 0.74 ± 0.2 16 1.0E+04 ND

1A53-3 - 1A53 0.015 ± 0.003 0.90 ± 0.03 17 1.3E+04 ND

1THF-2 - 1THF NA NA 5 NA 73.7

KE07 
b, c - 1THF 0.018 ± 0.001 1.4 ± 0.1 13 1.6E+04 NA

KE07 
b, d - 1THF 0.0089 ± 0.006 0.79 ± 0.09 11 7.7E+04 ND

KE70 
b, c - 1JCL 0.16 ± 0.05 2.1 ± 2 78 1.4E+05 NA

KE70 
b, d - 1JCL 0.070 ± 0.003 0.50 ± 0.06 146 6.0E+04 ND

ND = not determined

NA = not applicable
a
 kuncat under the assay conditions was determined to be 1.16x10

-6
 s

-1
 by Rothlisberger et al.

b
 These enzymes were designed by Rothlisberger et al.

c
 The kinetic constants were determined by Rothlisberger et al.

d
 The kinetic constants were determined as a part of this thesis work.



 114 
 
Table 4-4.  Design summary of Kemp elimination enzymes.  MD prediction and 
experimental detection of activity are indicated. 

 
 
 
 

name scaffold base !-stack H-bond from wt

from active 

design MD experimental

KE59
a 1A53 L231E K110W L131S 10

1A53-1 1A53 L231E K110W/E159W L131S 9 8 (KE59) no no

KE10
a 1A53 G178E E210W - 11

1A53-2 1A53 G178E K110W/E210W - 12 9 (KE10) yes yes

1A53-3 1A53 L157E K110W/E210W - 11 - yes yes

KE07
a 1THF S101E L50W L222K 13

1THF-1 1THF S101E K50W/A128W L222K 13 9 (KE07) yes no

1THF-2 1THF S101E L50W/A128W S201 10 10 (KE07) yes yes

HG-2 1GOR D126 T44W T265S 12 - yes yes

HG2-S265T 1GOR D126 T44W T265 11 1 (2.2.0) increase higher kcat/Km

HG2-G81A 1GOR D126 T44W T265S 13 1 (2.2.0) decrease decrease

HG2-K50A 1GOR D126 T44W T265S 13 1 (2.2.0) decrease decrease

a
 These KE enzymes were designed by Rothlisberger et al.

# mutations activity
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Figure 4-1.  Active site locations of first- and second-generation designs in TAX.  (A) 
The active site of first generation design 1.2.1 (purple) is in the native binding pocket for 
xylobiose (grey).  (B) The active site of second-generation design HG-2 (yellow) is 
located deeper into the barrel of the scaffold. 
 
 
 
 
 
 

         
 
Figure 4-2.  Active site of HG-2.  (A) Catalytic residues identified through the active 
site search.  (B) Repacked active site (pink) overlaid with the wild-type residues (grey). 
 
 
 
 
 
 

A B 

A B 



 116 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fi
gu

re
 4

-3
.  

A
ct

iv
e 

sit
e 

st
ru

ct
ur

es
 o

f H
G

-2
 d

ur
in

g 
th

e 
M

D
 si

m
ul

at
io

n.
   

Th
re

e 
ac

tiv
e 

si
te

 c
on

fig
ur

at
io

ns
 a

re
 sh

ow
n:

  t
he

 
in

iti
al

 c
on

fig
ur

at
io

n,
 a

 re
pr

es
en

ta
tiv

e 
ac

tiv
e 

si
te

 fr
om

 st
at

e 
1,

 a
nd

 a
 re

pr
es

en
ta

tiv
e 

ac
tiv

e 
si

te
 fr

om
 st

at
e 

2.
 



 117 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 A

 

B
 Fi

gu
re

 4
-4

.  
D

ist
an

ce
 d

ist
ri

bu
tio

ns
 o

f H
G

-2
.  

(A
) C

at
al

yt
ic

 si
te

 R
M

SD
 w

ith
 re

sp
ec

t t
o 

th
e 

in
iti

al
 c

on
fig

ur
at

io
n 

as
 th

e 
si

m
ul

at
io

n 
pr

og
re

ss
es

.  
(B

) D
is

ta
nc

e 
di

st
rib

ut
io

ns
 fo

r i
m

po
rta

nt
 c

at
al

yt
ic

 c
on

ta
ct

s. 



 118 
 
 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4-5.  Expression and purification of HG-2.  (A) SDS-PAGE gel of HG-2 
expression and purification.  Lane 1: MW marker.  Lanes 2 and 3: uninduced cells.  
Lanes 4 and 5: cells 18 hours after IPTG induction.  Lane 6: lysate supernatant.  Lane 7: 
lysate pellet.  Lane 8: Ni-NTA purification elution.  (B) Electrospray mass spec.  
Expected mass:  34308.7, actual mass: 34308.8.  (C) UV image of HG-2 crystals grown 
in 0.1 M MES, pH 6.5, 1.6 M Magnesium Sulfate with 9.5 mg/mL HG-2. 

A 

B 
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Figure 4-6.  CD analysis of wild-type TAX and HG-2.  (A) Far-UV wavelength scan.  
(B)  Thermal denaturation.  All experiments were carried out with 10 µM protein in 25 
mM HEPES pH 7.25, 100 mM NaCl.  

A 

B 

wt TAX 
HG-2 

wt TAX 
HG-2 
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Figure 4-7.  Kinetic characterization of second-generation enzymes.  5 µM protein is 
used in 25 mM HEPES pH 7.25, 100 mM NaCl, 27°C.  (A) Michaelis-Menten plots of 
design HG-2 (red), wild-type TAX (blue) and background reaction (black).  (B) 
Michaelis-Menten plots of KE70 (red), HG-2 (blue), and HG-2 knock out mutants HG-2-
S265A (green) and HG-2-D127N (yellow). 

A 

B 

background 
wt TAX 
HG-2 

KE70 
HG2 
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Figure 4-8.  Effect of pH on the activity and structure of HG-2.  (A)  pH-rate profile 
of HG-2.  (B) Far-UV CD wavelength scan of HG-2 at various pHs. 
 

A 
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Figure 4-9. Kinetic characterization of third-generation enzymes. Michaelis-Menten 
plots of KE70 (red), design HG-2 (blue), 220-S265T (green), G81A (yellow), and 220-
K50A (grey).  5 µM protein was used and the reactions were carried out in 25 mM 
HEPES pH 7.25, 100 mM NaCl, 27°C. 
 

KE70 
HG2 
HG2-S265T 
HG2-G81A 
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Figure 4-10.  Active sites of designs in scaffold 1A53.  (A) Catalytic residues of 1A53-1 
(pink) overlaid with those from KE59 (grey).  (B) Repacked active site of 1A53-1.  (C) 
Catalytic residues of 1A53-2.  (D) Repacked active site of 1A53-2.  (E) Catalytic residues 
of 1A53-3.  (F) Repacked active site of 1A53-3. 

E F 

C D 
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Figure 4-11.  Kinetic characterization of designs in scaffolds 1A53 and 1THF.  
Standard errors are calculated from three measurements. 
 

KE07 
1A53-2 
1A53-3 
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Figure 4-12.  Active sites of designs in scaffold 1THF.  (A) Catalytic residues of 1THF-
1 (blue) overlaid with those from KE07 (grey).  (B) Repacked active site 1THF-1.  (C)  
Catalytic residues of 1THF-2 (yellow) overlaid with those from KE07 (grey).  (D) 
Repacked active site of 1THF-2. 
 
 
 
 

C D 

A B 
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Figure 4-13.  MD analysis of 1A53-1.  (A) Initial active site configuration of 1A53-1.  
(B) Representative configuration after MD simulation.  (C) Distance distributions of 
contacts between the substrate and catalytic residues. 
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Figure 4-15.  MD analysis of 1A53-3  (A) Initial active site configuration of 1A53-3.  
(B) Representative configuration after MD simulation.  (C) Distance distributions of 
contacts between the substrate and catalytic residues. 
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