
The P168A relaxes the backbone around the catalytic glutamate 
preventing the glutamate the adapt to the ”swung” in position when loop 6 
closes. The ”swung” in position is required for catalysis to happen [4]. This 
effect is iilustrated in figure 3.
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Rational design presents tremendous challenges and is one of the most 
stringent tests for understanding protein chemistry [1]. 

Our studies are focusing on understanding the catalytic properties of wild 
type Triosephosphate Isomerase [2, 3] and applying this knowledge to our 
newly engineered monomeric enzymes. 

In the study of the single hinge mutants P168A and A178L the 
hypothesized effects are summerized in figure 1. The mutations were 
introduced in dimeric wild type TIM and monomeric ml1 TIM resulting in 4 
mutants wt P168A, wt A178L, ml1 P168A, and ml1 A178L.
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N terminal hinge mutant P168A
The proline before the catalytic glutamate is fully conserved in all species 
of TIM [3]. In this study we investigated the P168A TbTIM mutant. 

The effect of catalysis can be seen in figure 2.

C terminal hinge mutant A178L
The introduction of a bulky residues in the C-teminal hinge has previously 
been shown to decrease catalytic efficiency [5]. Loop 6 favours the closed 
conformation in these structures [3]. 

In this study we showed that this effect is due to the third, most hydrophobic 
residue in the C-terminal hinge via the mutant A178L.

Kinetic studies of the wt A178L confirmed the conclusions of previous 
studies [3, 5]. Decrease of turnover number, and increase in Km was as 
expected. However, in ml1 TIM the decrease of catalytic efficiency is much 
greater (see figure 5). 

Conclusions
► Proline 168 is needed to for conformational strain around the catalytic 

glutamate. The effect is similar in dimeric and monomeric TIM.

► A178L mutant affects the dimeric form of TIM differently than monomeric 
TIM. A178L mutation may still induce loop 6 closure.

Figure 7
Overlay of wt A178L (pink; magenta) and ml1 
A178L (light green; green). Both residues are 
liganded with 2-PG. Catalytic residues, Leu178, 
and 2-PG are shown as X-stick. The backbone is 
shown in ribbon. Picture was made by Markus 
Alahuhta in ICM (Molsoft inc.)

Figure 1
Model of double mutant 
P168A/A178L based on a 1.06Å
structure of AV TIM (a monomeric 
TIM variant with an altered binding 
groove). In this structure loop 6 
and loop 7 are in the ‘open’
conformation. In green are the 
catalytic residues, in grey the 
mutation sites in loop 6, and in 
magenta the expected residues 
that clash with Leu178.  The blue 
arrows show the hypothesized 
effects on loop 6 displacement.
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Figure 3
2-PG shows a different mode of binding 
in the wt P168A mutant compaired to 
wild type. 

LmTIM E65Q liganded with 2-PG[2]

(magenta; double conformation) and wt 
P168A liganded with 2-PG at 1.15 Å
(backbone in green; 2-PG and residues 
in default ICM colors). Residues Gly211, 
(Ala)(Pro)168, and Glu167 are shown as 
X-stick; back bone is shown as ribbon. 
Picture was made by Markus Alahuhta 
in ICM (Molsoft inc.) 

The inibition constant for arsenate, which mimics the phosphate moiety of 
the original substrate, is much higher in ml1 A178L than in wt A178L. This 
indicates that the affinity for arsenate is less. The same effect has not been 

observed in the P168A mutants (see 
figure 5). 

The decrease in affinity for 2-PG is 
relatively the same in wild type an 
ml1 TIM. This may indicate that tight 
binding of the phosphate moiety in 
ml1 TIM is impaired. 

2-PG has an alternative mode of 
binding in ml1 A178L compared to wt 
A178L (see figure 6). However, an in 
depth strucutral analysis of the 
A178L mutants in needed to explain 
all effects observed.
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Further results show that 
not only most of the catalytic 
power in the P168A mutant is 
lost, also the affinity for 2-PG, 
its transition state analogue, is 
much less. The reason behind 
this can be found in the crystal 
structure of wt P168A liganded 
with 2-PG.

Finally, several interaction with the ligand differ in wild type compared to 
wt P168A. A detailed structural analysis was made of the loop 6, the 
interactions with the ligand, and loop 6 interactions within the protein. The 
most important differences are concluded in figure 4.

Figure 4
Schematic overview of the major 
differences between wt TIM and wt 
P168A in the closed conformation, 
except the loss of the γ-turn of P168 
(open conformation). In blue dotted lines 
are newly introduced hydrogen bonds, 
in red dotted lines (marked by an X) are 
hydrogen bonds that are lost. Each 
amino acid is drawn as –N–Cα–(C=O)–; 
Cα is represented as a circle. White 
circles are loop 6 – 7 residues, while 
gray circles reside in an alternative 
secondary structure. The numbering 
corresponds to wt TbTIM amino acid 
sequence. Intermediating waters are 
drawn as black orbs
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