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Design of GroEL mutants with various reaction cycle time  
-- Research works accomplished by using materials analysis facilities:XXIX(3)-- 

Megumi Masuda1, Hiromi Yoda1, 2, Ayumi Koike-Takeshita1, 2 

Abstract 

The chaperonin GroEL is an essential multisubunit assemblies that promotes facilitated protein folding 
in concert with ATP hydrolysis. The Escherichia coli GroEL consists of 14 identical subunits arranged in 
two heptamer rings. Each ring contains a central cavity and the two rings are stacked back-to-back. GroEL 
and its cofactor, GroES, form a nano-cage for a single molecule of substrate to fold, and undergo an ATP-
regulated interaction cycle to close and open the folding cage. Asp52 and Asp398 in GroEL are known as 
the critical residues on ATP hydrolysis because GroEL(D52A/D398A) mutant is severely deficient in ATP 
hydrolysis but not in ATP binding. Here, we investigated the functional role of another amino acid residues 
facing towards the nucleotide-binding pocket in the crystal structure of GroEL. A series of ATP hydrolysis 
mutants of GroEL, in which reaction cycle time is 8-sec ~ 6-days, have been constructed for application 
to DDS carrier. 
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Fig. 1 Crystal structure of the symmetric E. coli 
GroELD52A, D398A/GroES2 complex.  
(A) Overall structure (PDB code: 3WVL , (B) The structure 
around the nucleotide binding site of the GroEL subunit from 
GroELD52A, D398A/GroES2-ATP14 complex. 

Fig. 2 Schematic model for the GroEL/GroES reaction 
cycle.  
Models of the asymmetric (A) and symmetric (B) reaction cycle. 
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K51A

K51D

D52A

D52E

D52K

D52N

D52S

D87A

D398E

D398N

D398S

D495A

pET-EL(K51A)

pET-EL(K51D)

pET-EL(D52A)

pET-EL(D52E)

pET-EL(D52K)

pET-EL(D52N)

pET-EL(D52S)

pET-EL(D87A)

pET-EL(D398E)

pET-EL(D398N)

pET-EL(D398S)

pET-EL(D495A) ELD495A-For
ELD495A-Rev

GGGTATCCTGGcgCCAACCAAAG
CTTTGGTTGGcgCCAGGATACCC

変異名 発現ベクター名 プライマー名 プライマー配列（小文字は変異）

ELK51A For
ELK51A Rev

ELK51D For
ELK51D Rev

D52A F
D52A R

ELD52E For
ELD52E Rev

ELD52K For
ELD52K Rev

ELD52N For
ELD52N Rev

ELD52S For
ELD52S Rev

D87A F
D87A R

ELD398E-For2
ELD398E-Rev2

ELD398N-For
ELD398N-Rev

D398S F
D398S R

CCGACCATCACCgcAGATGGTGTTTCCG
CGGAAACACCATCTgcGGTGATGGTCGG

CCGACCATCACCgAcGATGGTGTTTCCG
CGGAAACACCATCgTcGGTGATGGTCGG

CCATCACCAAAGcTGGTGTTTCCG
CGGAAACACCAgCTTTGGTGATGG

CCGACCATCACCAAAGAaGGTGTTTCCG
CGGAAACACCtTCTTTGGTGATGGTCGG

CCATCACCAAAaAaGGTGTTTCCG
CGGAAACACCtTtTTTGGTGATGG

CCATCACCAAAaATGGTGTTTCCG
CGGAAACACCATtTTTGGTGATGG

CCATCACCAAAagTGGTGTTTCCG
CGGAAACACCActTTTGGTGATGG

GACGCTGCAGGCGcCGGTACACC
GGTGTACCGgCGCCTGCAGCGTC

AAAAGCACGCGTTGAAGAgGCCtTGCACG
CGTGCAaGGCcTCTTCAACGCGTGCTTTT

AAAAGCACGtGTTGAAaATGCCCTGCACG
CGTGCAGGGCATtTTCAACaCGTGCTTTT

GCACGCGTTGAAtcTGCCCTGCACGCG
CGCGTGCAGGGCAgaTTCAACGCGTGC

Table 1  Mutants generated in this study and primer sequences. 
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Fig. 3 ATP hydrolysis activity of GroEL mutants.  
Inset, mutants with particularly low activity were measured in 
assay solutions containing 5 volumes of GroEL.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4 ATP-dependent formation of GroEL/GroES 
complex using GroEL mutants.  
(A) Binding of Cy3-GroES to the GroEL mutant/ATP analyzed 
by gel filtration HPLC in the absence (left) or presence (right) of 
ATP. (B) Electron micrograph of the GroEL mutant arranged in 
heptamer ring. 
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Table 2  Functional analysis of GroEL mutants
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
+  normal; ↓ : reduced; - not detected; * presence of 1 mM ATP. In Cycle time column, s (sec), m (min), h (hour). 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5 GroEL-assisted folding of rhodanese.  
Time course of recovery of rhodanese activities is shown. 
Activity is expressed as the fraction of the native rhodanese 
activity.

Fig. 6 Time course of ATP hydrolysis by the isolated 
GroEL/GroES complex.  
The ratio of ATP or ADP to the total nucleotide bound to the 
GroEL/GroES complexes is shown.

ES (-) (U/mg) ES (+)  (U/mg)

WT 2.64E-02 7.79E-03 −  + 100 17 s

K51A 6.78E-03 2.60E-03 ↓ ↓/ +* 74 −

K51D 1.80E-03 3.63E-03 ↓ ↓/ +* 4 −

D52A 3.27E-03 1.52E-03 −  + 100 70 s

D52E 2.39E-03 5.55E-04 +  + 80 3.3 h

D52K 1.52E-03 9.37E-04 +  + 96 > 288 h

D52N 6.42E-04 1.63E-03 +  + 100 40 m

D52S 1.56E-03 1.32E-03 −  + 100 150 s

D87A 8.23E-04 6.89E-04 ↓ ↓/↓* 2 −

D398A 1.00E-03 6.73E-04 +  + 88 60 m

D398E 3.44E-04 3.87E-04 +  + 79 4 h

D398N 1.74E-03 2.06E-04 −  + 78 270 s

D398S 9.00E-04 2.50E-04 +  + 95 > 60 m

D495A 5.90E-04 1.29E-03 ↓ ↓/↓* 4 −

D52A,D398A 8.16E-04 7.82E-04 +  + 100 288 h

D52A,D398N 4.95E-04 3.38E-04 +  + 76 5.6 h

D52E,D398N 3.20E-05 4.02E-04 +  + 98 2.6 h

D52N,D398A 3.68E-04 4.97E-05 +  + 100 160 h

D52N,D398N 4.57E-04 5.21E-04 +  + 93 5 h

D52N,D398S 9.30E-04 2.98E-04 +  + 81 240 h

D52S,D398A 4.99E-04 4.63E-04 +  + 83 168 h

D52S,D398N 2.69E-04 6.73E-05 +  + 95 30 h

Folding
activity (%)

Cycle
 timeMutant

ATPase activity GroES
binding

Nucleotide
binding
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Fig. 7 Role of amino acid residues arranged around 
ATP.  
 

 
 
 
 
 
 
Fig. 8 GroEL mutant library with various reaction 
cycle time.  
In Time/Cycle, s means second, h means hour and d means day.  
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