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Summary 
Chronic granulomatous disease (CGD) is a rare immuno-deficiency syndrome in which 

phagocytes lack NADPH oxidase activity. The most common form resulted from mutations in 

the CYBB gene encoding gp91
phox

or Nox2, which is the redox center of the oxidase complex. 

Very few mutations, referred as X
+
-CGD, led to a normal expression of gp91

phox
 with a 

defective oxidase activity. X
–
-CGD is another rare variant, characterized by a diminished 

gp91
phox

 expression with a weak or absent oxidase activity. The study of these rare variants is

useful to establish relationships between a sequence of gp91
phox

 and a specific function. The

X-CGD PLB-985 cellular model, in which the CYBB gene encoding gp91
phox

 was interrupted, 

exhibits an X
0
-CGD phenotype (Zhen et al. 1993). 

Mutagenesis approach and stable transfection in X-CGD PLB-985 cells were used to 

study the defective molecular mechanisms of three X91
+
-CGD mutations, one X91

–
-CGD 

mutation, and the structure-function analysis of two essential domains of gp91
phox

. WT-Nox2 

transfected PLB-985 cells exhibited the same oxidase activity as the original WT PLB-985 

cells. Phenotypes of all the studied X
+
 or X

–

-CGD were the same as those of the neutrophils 
from the patients.  

The impact of an X
+
-CGD double mutation His303Asn/Pro304Arg and of its each 

mutation on NADPH oxidase functions was carefully dissected in this cellular model. 

Although the His303Asn mutation has a more severe inhibitory effect on NADPH oxidase 

assembly and activity than the Pro304Arg mutation, neither mutation can be considered as a 

polymorphism. Leu505Arg mutation originated from a second X
+
-CGD was supposed to be 

located in the potential adenine-binding site (
504GLKQ507

). According to the Taylor’s 3D 

model of the C-terminus of Nox2 (Taylor et al. 1996), this mutation is localized at the end of 

an α−helical loop, a potential cytosolic factors binding site which could regulate the NADPH 

access to its binding site. In a simplified cell-free system using purified mutated cytochrome

b558, this mutation diminished the affinity for NADPH and NADH (Km-mutant=3×Km-WT). 

In optimal conditions, this system needs much more p67
phox 

to reach the maximal turn over of 

the oxidase. Leu505Arg mutation seems to alter the structure of  α−helical loop affecting the 

p67
phox

 binding and the NADPH access to its binding site. However no evidence was found 

for a direct binding of Leu
505

 to NADPH. The study of a third X
+
-CGD case due to an

Asp500Gly mutation in the same α−helical loop and reproduced in the X-CGD PLB-985 cell 

model, pointed out the importance of this region on assembly process and electron transfer 

from NADPH to FAD.  

The crucial role of two potential cytosolic domains of gp91
phox

 
191

TSSTKTIRRS
200

(D-loop) and 
484DESQANHFAVHHDEEKD500

 (α−helical loop) were investigated using the 
same cellular model as above. The RR9192EE-gp91

phox
 mutation, known to inhibit oxidase 

activity and oxidase assembly, was used to validate the methodology (Biberstine-Kinkade et 

al. 1999). We found that the charged residues in the D-loop (Lys
195

, Arg
198

, Arg
199

) are 

essential to maintain oxidase activity, but are not involved in oxidase assembly process nor in 

electron transfer from NADPH to FAD. The same region of Nox1/3/4 is totally functional for

oxidase activity, suggesting the existence of a common mechanism underlying the activation 

of Nox family. Two super-mutants (R199Q, D-loopNox4) were observed to produce more H2O2

activated by PMA or fMLP. The charged residues (Asp
484

, His
490

, Asp
500

) in the C-terminal 

region (residues 484-500) are essential to support oxidase activity, the oxidase complex 

assembly, and electron transfer from NADPH to FAD. 

Finally an X
–
-CGD case (Ser193Phe) reproduced in the X-CGD PLB-985 cellular model 

demonstrated that the low cytochrome b558 synthesis was related to a defect in glycosylation 

process of gp91
phox

.  

Key words: X
+/–

-CGD, gp91
phox

 or Nox2, cytochrome b558, NADPH oxidase, X-CGD PLB-985 

cells  


