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Abstract 

Cataract diseases are known as the most important cause of global blindness. a-crystallin, the most 

important chaperone of the lenticular tissues, plays a crucial role in the eye lens transparency 

throughout human life. Missense mutations in the CRYAB gene are associated with congenital   

cataract and various myopathies, primarily by disrupting protein folding, oligomerization, and    

stability, which in turn compromises chaperone function and enhances protein aggregation. Four 

pathogenic mutations in this gene -R69C, D109H, P20R, and A171T- have been reported to cause 

cataract and myopathy. In recent studies, after introducing these mutations into the CRYAB gene 

by site-directed mutagenesis, recombinant protein expression in Escherichia coli and subsequent 

purification, the structural and functional changes in recombinant proteins were analyzed using 

various techniques. Substitutions in the N-terminal domain (P20R), a-crystallin domain (R69C, 

D109H), and C-terminal domain (A171T) in CRYAB alter the secondary, tertiary, and oligomeric 

structures, diminish in vitro and in vivo chaperone-like activity, and enhance amyloidogenic       

propensity of human aB-crystallin protein. Together, these findings elucidate the molecular    

mechanisms underlying CRYAB-related cataract and myopathy. They also highlight the value of 

recombinant protein models and site-directed mutagenesis in understanding genotype-phenotype 

relationships. Such insights not only deepen knowledge of disease progression but also provide a 

framework for developing therapeutic strategies aimed at stabilizing mutant proteins, enhancing 

chaperone function, and reducing aggregation.  
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crystallin genes and about a quarter in connexin 

genes (16). Mutations in CRYAA (human aA-Cry 

gene) are frequently associated with cataract 

development, whereas those in the CRYAB 

gene are relatively rare (8,15-17). However, 

mutations in CRYAB have been reported to 

cause desmin-related myopathy, myofibrillar 

myopathy, and dilated cardiomyopathy. Most 

hereditary cataracts follow an autosomal     

dominant pattern, while a small number show 

autosomal recessive inheritance (11,14,18). 

This review aims to highlight the pathogenic 

significance of mutations in the CRYAB gene, 

focusing on their impact on the structure and 

function of the aB-Cry protein. By reviewing 

studies on various mutations, particularly 

R69C, D109H, P20R, and A171T, this research 

seeks to elucidate the relationship between 

structural alterations and decreased chaperone 

activity of the aB-Cry protein. Clarifying these 

molecular mechanisms provides valuable       

insight into the basis of cataract and myopathy 

development. 

 

1) Molecular and structural properties of   

aB-Cry protein 

The secondary structure of a-Cry, is primarily 

made by b-sheet. Circular dichroism (CD) and 

Fourier-transform infrared (FTIR) measurements 

indicated that the secondary structure of a-Cry 

consists of 30% b-sheet, 15% α-helix and the 

remainder, random coil and turns (19). a-Cry is 

a polydisperse hetero-oligomer made from     

aA- and aB- subunits (ratio of 4:1, respectively), 

forming non-covalent aggregates with molecular 

masses ranging from 400 to 1000 kDa (1,2,3,5). 

In humans, aB (175 amino acid residues) is   

encoded by the CRYАB gene, which is located 

on chromosome 11. The molecular mass of   

this protein subunit is 20 kDa (3,8). Each             

subunit comprises three structural domains:      

Introduction  

The human eye lenses contain a concentration 

of extremely stable proteins (400-350 mg/mL) 

known as a-, b- and g-crystallins. These proteins 

comprise 90% of the total soluble lens proteins, 

which are required for transparency and a high 

refractive index (1,2). a-Crystallin (a-Cry) is a 

stable b-sheet-rich protein with relatively low 

turnover. It accounts for 30% of the total soluble 

proteins in the lenticular tissues (4-5). In the 

lens, this protein belongs to the small heat 

shock protein (sHSP) family, which binds to 

unfolded proteins, suppresses stress-induced 

aggregation, and maintains lens transparency. 

Expression of the aA-crystallin (aA-Cry) subunit 

is essentially restricted to the eye lenses, while 

aB-crystallin (aB-Cry) is a ubiquitous protein 

that, in addition to the lens, is also expressed in 

tissues such as retina, brain, lung, kidney,   

skin, skeletal and cardiac muscle (3-7). In the       

non-lenticular tissues, besides its chaperone 

function, aB-Cry is required for the remodeling 

and protection of the cytoskeleton, serving as     

a p54 target protein during the apoptosis          

inhibition (3,6,8-10). High levels of human     

aB-Cry have been reported to be significantly 

elevated in certain neurological disorders,     

such as Parkinson's and Alzheimer's disease 

(7,8,11). 

Cataract causes clouding of normal clear lenses 

and usually develops over time as lens crystallins 

undergo post-translational modifications, leading 

to the development of age-related cataracts 

(1,12,14). Congenital cataracts account for      

10-48% of blindness in children (13).         

Genes encoding lens crystallins, gap junction 

proteins (connexins), growth and transcription           

factors, and beaded filament proteins are                    

developmentally linked to congenital cataracts 

(13-16). It has also been suggested that about 

half of the cataract-causing mutations occur in 
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P20R (28), R56W (29), R69C (13), R107L 

(40), D109H (6), D109A (17), R120G (41), 

D130N (27), A171T (42) and X176W (44). 

Moreover, D109H, D109A, D109G (43), 

R120G, R124W (35–37), Q151X (48), G153S 

(49), R157H (30), R164W (31,32) and X176W 

mutant aB-Cry are myopathy-causing mutations, 

and D109H, D109A, R120G, and X176W    

mutations result in cataract as well as myopathy 

development (Table 1 and Figure 1).  

R120G, the first discovered missense             

mutation in aB-Cry, has been discovered in a           

French family possessing association with      

cataract disease, desmin-related myopathy      

(co-aggregation of the mutant protein with     

desmin filaments) and cardiomyopathy (41). 

The amino acid residue R116 in aA-Cry        

corresponds to R120 in aB-Cry. The R116C 

cataract mutation of aA-Cry demonstrated     

noticeably reduced chaperone-like activity   

similar to R120G mutation in aB-Cry (36-38).  

The important cataract-associated mutations, 

D130N and R107L, have been reported in        

the functional ACD of human aB-Cry            

protein (27,40). The first case of restrictive                 

cardiomyopathy associated  with  a  mutation in                    

an N-terminal domain (NTD), a conserved    

central a-Cry domain (ACD) with an               

immunoglobulin-like fold, and a flexible          

C-terminal domain (CTD). The ACD (90       

residues) is the hallmark of sHSP and, through 

its chaperone activity, prevents the self-assembly 

of protein aggregates. The hydrophobic NTD is 

involved in oligomerization and chaperone-like 

activity, while the flexible CTD enhances      

solubility of the protein-substrate complex 

(5,20-24). The tertiary and quaternary structures 

of a-Cry due to highly dynamicity and the    

polydispersity have not been identified so far 

(3). The chaperone activity of a-Cry subunits is 

vital to the maintenance of eye lens transparency 

and for cataract prevention. This chaperone is 

capable to bind partially unfolded b- and g-Cry 

proteins at the onset of denaturation, preventing 

their further precipitation which at last           

culminated in the inhibition of eye lens       

opacification (23). Moreover, human a-Cry   

inhibits inactivation of different enzymes (3). 

Moreover, a-Cry is a dynamic oligomer which 

exhibits a subunit exchange feature (constantly 

exchanged subunits by association and           

dissociation). This feature of a-Cry is important 

for its chaperone activity (1). 

 

2) Overview of pathogenic mutations in 

CRYAB  

Mutations in CRYAB include cataract and      

myopathy-associated variants distributed 

across the three domains. According to the     

results, no particular domain has been reported 

to be responsible for the different types of       

cataracts or myopathies (Figure 1) (8). 

Until now, various mutations in the CRYAB 

gene have been reported, which are associated 

with congenital cataract and myopathy diseases. 

Cataract-related mutations in CRYAB comprise 

R11H (25), R11C, R12C (26), P20S (27), 

Fig 1. Domain organization and some mutation sites in 

the primary structure of human aB-Cry. The human      

aB-Cry protein consists of 175 amino acids organized 

into three domains. The red arrows describe the phenotype 

of mutations that cause myopathy, brown arrows cause 

cataract, and purple arrows cause myopathy and cataract.  
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Table 1. Cataract and myopathy-causing mutations of the CRYAB gene. 

Nucleotide change Amino acid 
change 

Inheritance 
pattern 

Cataract 
phenotype 

Myopathies References 

41C>T R11C AR Nuclear   (26) 

42G>A R11H AD Nuclear   (25) 

43C>T R12C AR Nuclear   (26) 

58C>T P20S AD Posterior polar   (34) 

59C>G P20R AD Posterior polar   (28) 

166C>T R56W AR Nuclear   (29) 

205C>T R69C AD N/A   (13) 

420G>T R107L AD     (40) 

425G>C D109H AD Posterior polar Myofibrillar 
myopathy 

(6) 

426A>C D109A AD Unilateral 

  

Myofibrillar 
myopathy 

(17) 

426A>G D109G     Restrictive 
cardiomyopathy 

with skeletal 
myopathy 

(43) 

458A>G 

  

R120G AD Discrete Desmin-related 
myopathy 

(41) 

467C>T  

  

R124W     Hypertrophic 
cardiomyopathy  

(45-47) 

318G>A D130N AD Lamellar   (34) 

351C>T Q151X     Myofibrillar 
myopathy 

(48) 

360G>A G153S     Dilated 
cardiomyop-athy 
and myofibrillar 

myopathy 

(49,33,35) 

370G>A R157H     Dilated 
cardiomyop-athy 

(30) 

387C>T 

  

R164C     Dilated 
Cardiomyopathy 

(31,32) 

511G>A A171T AD Lamellar   (42) 

527A>G X176W AD Posterior polar Adult onset 
cardiomyopathy 

(44) 

CRYAB (D109G), which was identified and 

reported in 2017, is also linked to skeletal    

myopathy (43). In this mutation, a charged    

residue (aspartate) at position 109 is substituted 

with glycine. The R124W mutation                

has been recently reported in CRYAB in               

middle-aged monozygotic twins with             

cardiomyopathy (46,39). 

Clinical genetics studies have also identified 

R69C, D109H, P20R, and A171T mutations     

in the CRYAB gene. The development of       

posterior polar cataract (a rare form of           

congenital cataract with an autosomal          

dominant inheritance), myofibrillar myopathy, 

AD: Autosomal dominant, AR: Autosomal recessive, N/A: Not available. 



Maryam Ghahramani. 

47  Zand Molecular Microbiology. Volume 1 Number 1 (August 2025) 34 – 60  https://microbejournals.zand.ac.ir/ 

The pathogenic mechanisms of recombinant human αB-crystallin proteins 

chaperon function (51). Different mutations 

were created using site-directed mutagenesis 

(52-56). The basic procedure of site-directed 

mutagenesis is shown in Figure 2.  

To perform this method, a double-stranded 

DNA (dsDNA) vector with an insert of                

the interested cDNA and two mutagenic              

oligonucleotide primers were used. These      

primers possess a complementary segment to 

opposite strands of the vector, except for a      

specific mismatch to introduce the mutation. 

Moreover, the primers should have the following 

properties: (1) 25 to 35 bases in length, (2) 

melting temperature ³78 °C, and (4) locating of 

desired mutation at the middle of primer        

(10-15 bases distances from both sides). The 

oligonucleotide primers are hybridized to        

the target vector and extended during               

the polymerization reaction by Phusion               

high‐fidelity DNA polymerase. This DNA    

and cardiomyopathy has been attributed to the 

D109H mutation in human αB-Cry, whereas 

the R69C mutation is associated with congenital 

cataract. These autosomal dominant mutations 

affect highly conserved residues in the ACD of 

human aB-Cry (6,13). The cataract-causing 

P20R mutation (in exon 1 of the CRYAB gene) 

is linked to autosomal dominant hereditary 

posterior polar cataract at a highly conserved 

residue in the NTD of human aB-Cry. The     

autosomal dominant mutation A171T at the 

conserved position in the C-terminal extension 

(CTE, the last highly variable 12 amino acids 

of CTD) of human aB-Cry causes lamellar     

pediatric congenital cataract (26,28,42,50).  

 

3) Site-directed mutagenesis to generate    

different mutations 

Mutagenesis is an influential method to                     

investigate regions that are essential for the 

Fig 2. Schematic representation of the site-directed mutagenesis procedure (1). Mutagenic oligonucleotides with    

defined mismatches anneal to complementary strands of the plasmid and are extended by a high-fidelity DNA            

polymerase (1a). The methylated parental template is selectively digested by DpnI (1b). (2) The mutant plasmid is 

transformed into ultra-competent cells. (4) After plasmid extraction and (3) confirmation of the confirmed mutation 

by sequencing, (5) the mutagenic plasmid is transformed into the BL21 (DE4) strain of E. coli for expression,         

followed by (6) purification of the recombinant protein. This approach is used to generate mutation variants for     

structural and functional characterization (7). 
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development of cataract and myopathy disorders 

(9,27,53,56,61-65). Numerous pathogenic aB-Cry 

mutations demonstrate loss the chaperone      

activity and are linked with the increased       

protein aggregation (9,64-68). Although, several 

pathogenic mutant aB-Cry demonstrated an    

increased in vitro chaperone activity (56,60,     

69-72). Additionally, specific mutations in       

aB-Cry change the subunit exchange rate 

(66,74). The mechanism of cataract formation 

by mutations in a-Cry genes has been             

investigated by several studies. One mechanism 

is based on increased protein aggregation by     

a-Cry mutations, causing a low affinity for    

substrate protein. These changes occur by the 

alteration in the structure of the chaperone     

protein and loss of the oligomeric structural 

regulation of a-Cry due to mutation, resulting 

in higher co-aggregation of mutant protein and 

client proteins (73). 

The R120G mutation reduces the chaperone-like 

properties of aB-Cry and induces structural    

irregularities. Structural analyses show           

alterations in secondary, tertiary, and quaternary 

structures, accompanied by an increase in        

oligomeric mass (9,67). Both R120G and 

D130N mutations, located within the conserved 

ACD, significantly affect chaperone activity 

(27). Site-directed mutagenesis studies indicate 

that a-Cry can tolerate many amino acid         

substitutions in its primary sequence (75).       

Unlike R120G, D130N does not markedly 

change the secondary structure but alters the 

tertiary structure and surface hydrophobicity, 

increases aggregation propensity, and reduces 

thermal stability compared to Wt protein. 

(Table 2). 

The Q151X mutation removes CTD, reducing 

oligomerization but enhancing chaperone       

activity. The mutant has a high tendency to     

self-aggregation,  predominantly  localizing  in  

polymerase is a Pyrococcus-like proofreading 

enzyme with a processivity-enhancing domain. 

Then, the mutated product was digested with 

DpnI. The DpnI endonuclease was used to    

digest the methylated and hemimethylated    

parental DNA template (sequence 5´-Gm6ATC

-4´), which is susceptible to the DpnI enzyme. 

Finally, the selected nicked vector with          

the desired mutation was transformed into          

ultra-competent cells (52,57). 

The recent mutations R69C, D109H, P20R, 

and A171T were introduced into the CRYAB 

gene using Site-Directed Mutagenesis. In these 

studies, the wild-type (Wt) human aB-Cry 

cDNA was cloned into a pET-28b (+) vector 

between NcoI and NotI restriction sites.        

This vector is kanamycin resistant. After             

transformation of the mutated gene into XL    

10-Gold ultra-competent cells, expression was 

carried out in the BL21 (DE4) strain of E. coli 

cells, and the purified mutant proteins were 

subjected to various spectroscopic techniques 

(Fig 1) (58,59). This review summarizes the 

findings of these studies about structural and 

functional properties of the mutant proteins and 

the mechanisms by which these mutations   

contribute to the development of cataract and 

myopathy.  

 

4) Structural and functional consequences of 

various mutant aB-Cry proteins  

According to the Clinvar database, 168        

missense mutations in αB-Cry have been linked 

to cataracts, cardiomyopathy, or myopathy,   

although many have uncertain pathogenicity 

and lack clinical evidence (60). This highlights 

the need for functional studies on these         

variants. According to earlier studies, a range 

of detrimental alterations in the structure and 

function of human aB-Cry caused by various 

mutations may explain their contribution to the 
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Table 2. Structural and functional effects of different mutations on human aB-Cry. 

Mutation Disease Domain Structural effects Functional effects References 

R120G Cataract, 
myopathy 

ACD Altered secondary, tertiary, 
quaternary structure, increased 

oligomer mass 

Reduced chaperone activity, 
increased protein aggregation 

)9( 

D130N Cataract ACD Altered tertiary structure, increased 
surface hydrophobicity, reduced 

thermal stability 

Increased aggregation )27( 

Q151X Myopathy CTD C-terminal deletion, reduced 
oligomerization 

Enhanced chaperone activity, 
increased self-aggregation 

)70( 

P20S Cataract NTD No change in oligomer size Decreased chaperone activity, 
increased nuclear import, 

apoptosis 

)61( 

A171T Cataract CTD — Increased apoptosis )62( 

G153S Myopathy CTD Reduced thermal stability Reduced chaperone activity, 
increased amyloid formation 

)55( 

R157H Myopathy CTD Smaller oligomer size Similar or enhanced 
chaperone activity, reduced 

enzyme refolding 

)55( 

D109G Myopathy ACD Significant structural changes Reduced chaperone activity, 
protein aggregation, increased 

amyloid propensity 

)62,65( 

P49L Cataract, 
cardiomyopathy 

NTD Changes in secondary, tertiary, 
quaternary structure, altered stability 

Increased chaperone activity, 
aggregation propensity 

)72( 

R124W Cardiomyopathy ACD Significant structural alterations, 
abnormal oligomerization 

Decreased chaperone activity, 
impaired interaction with 

calcineurin 

)63( 

R107L Cataract ACD Larger oligomer formation, 
decreased stability 

Reduced chaperone activity )64( 

K90N Myopathy ACD Structural alterations, increased 
oligomer 

Reduced chaperone activity, 
impaired protein aggregation 
prevention, increased amyloid 

formation 

)76( 

R11G Cataract, 
Myopathy 

NTD, 
Mini 

chaperone 

Significant structural changes Increased chaperone activity, 
altered interaction with target 
proteins, increased amyloid 

fibril propensity 

)71( 

R157C Cardiomyopathy CTD, IXI 
motif 

— Enhanced chaperone activity, 
increased amyloid fibril 

formation 

)56( 

R164C Dilated 
cardiomyopathy 

CTD Larger oligomers, reduced stability Increased chaperone activity, 
higher amyloid formation 

)68( 

R56Q Cardiomyopathy NTD, 
Mini 

chaperone 

Larger oligomers, reduced stability Increased chaperone activity, 
amyloid formation, increased 
interaction with desmin and 

aA-Cry 

)60( 

the insoluble fraction of transfected cells. 

Based on these findings, Hayes and colleagues 

suggested that  Loss of the CTD increases the 

propensity of aB-Cry to self-aggregate (70). 

The P20S mutation is linked to autosomal 

dominant posterior polar congenital cataract in 

a Chinese family. The oligomeric size of this 

mutant remained unchanged. However, the 
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Asp109 is highly conserved. The D109G      

mutation increases amyloid aggregation, reduces 

stability, and may disrupt interactions with 

partners like desmin, leading to protein          

aggregates and contributing to restrictive       

cardiomyopathy and skeletal myopathy (65). 

The substitution of leucine to proline                

at position 49 (P49L) in human aB-Cry              

has been associated with conflicting               

interpretations of pathogenicity in cataracts and 

cardiomyopathy. The P49L variant in NTD, 

resulting from a substitution of C to T at         

nucleotide position 116 in the human αB-Cry 

gene, was initially found in an individual with 

left ventricular non-compaction. P49L alters 

secondary, tertiary, and quaternary structures, 

stability, chaperone activity, and aggregation 

propensity. This mutation increases chaperone 

activity, potentially affecting apoptosis and 

contributing to cataract and cardiomyopathy 

pathogenesis (72). 

Desmin, titin, and calcineurin are key cardiac 

protein targets for aB-Cry, and proper             

interactions with these proteins are critical for 

heart function. The R124W mutation has been 

implicated in cardiomyopathy, likely due          

to disrupted interaction with calcineurin.           

Site-directed mutagenesis and recombinant   

expression studies show that substituting the 

conserved arginine with tryptophan at position 

124 alters the structure of aB-Cry, reduces 

chaperone activity, modifies oligomerization, 

and increases aggregation propensity. These 

structural and functional changes may impair 

the ability of the mutant protein to interact with 

target proteins, contributing to cardiac pathology 

(63). The other mutation, R107L, in aB-Cry 

occurs in the inter-domain loop connecting       

β-strands within the immunoglobulin-like fold. 

The Arg107, together with Asp80, is essential 

for forming a stabilizing salt bridge and the 

mutation significantly reduced chaperone   

function and subunit exchange of a-Cry         

oligomers. P20S also enhances nuclear import 

and induces apoptosis in lens epithelial       

cells, contributing to cataract development 

(66). Moreover, the protein aggregation         

and cell death of several cataract and                    

cardiomyopathy causing mutants were           

investigated by Raju and Abraham in 2014. In 

this study, the separately transfected HeLa cells 

with the D109H, R120G, D130N, and R157H 

mutants showed considerably more aggregation. 

Also, transfected cells by the mutant proteins 

D109H and A171T exhibited a markedly      

increased level of apoptotic rate. Moreover, in 

these cases, the apoptosis induction might        

be considered as the mechanism for the              

development of cataract and myopathy (62). 

In the other studies, the physico-chemical     

properties of two aB-Cry CTD mutations, 

G153S and R157H, associated with myopathy, 

have been examined. R157H displays smaller 

oligomeric size, whereas G153S has a molecular 

weight similar to the Wt protein. Both          

mutations reduce thermal stability. G153S     

decreases chaperone activity toward substrates 

such as the S1 fragment of myosin, βL-Cry, 

and γ-Cry, and shows increased amyloid fibril 

formation, while R157H maintains or enhances 

chaperone activity, likely due to its smaller    

oligomeric size. Both mutants exhibit reduced 

enzyme refolding and in vivo chaperone      

function. The pathogenicity of G153S is linked 

to impaired chaperone function, decreased     

stability, and higher amyloidogenic propensity, 

potentially disrupting interactions with target 

proteins. Additionally, CTD mutations can     

affect IXI motif binding to the ACD; R157H, 

positioned near this motif, may alter              

aB-Cry interactions, contributing to disease                

(54-55) (Table 2).  
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also cause excessive client protein sequestration 

or coaggregation, leading to cytotoxicity.       

Additionally, R164C decreases stability and 

increases amyloid fibril formation, likely to    

affect interactions with cardiac proteins (68). 

Besides, R56Q mutation in the mini-chaperone 

sequence (residues 34-58) alters structure, 

forms larger oligomers, increases chaperone 

activity, reduces stability, and promotes        

amyloid-like aggregation. It binds desmin       

and aA-Cry more strongly, which may             

paradoxically disrupt apoptosis and contribute 

to cardiomyopathy (60). 

 

5) Molecular pathomechanisms of mutations 

in human aB-Cry proteins 

5.1) R69C and D109H recombinant aB-Crys: 

The Asp residue at position 109 is considered     

a hot spot, participating in a network of             

intra-molecular interactions with other residues 

(17). D109 is a highly conserved residue that 

forms an inter-subunit salt bridge with R120 at 

the dimer interface, playing a significant role in 

dimer stability (6,77). Dimer formation in        

aB-Cry is crucial for its chaperone function and 

consequently prevents aggregation of various 

client proteins (5,78,79). Moreover, the D109 

residue is located adjacent to motifs implicated 

in microtubule assembly (FISREFHR, 114-120) 

and in the prevention of protein aggregation 

(80). Additionally, this residue, positioned 

within the HGKHEERQDE sequence, displays 

a significant role in inhibiting amyloid-beta 

(Ab) fibril formation (81). R69 is located      

adjacent to a motif important for oligomeric 

assembly and subunit interactions as a           

mini-chaperone (residues 74-92), which exhibits 

anti-aggregation ability (82,84). Therefore, the 

substitution of R69 with a cysteine residue    

alters the chaperone function of human aB-Cry. 

The arginine residue is expected to participate 

protein’s dimeric structure. The R107L          

mutation disrupts these interactions, leading to 

larger oligomer formation, reduced stability, 

and diminished chaperone activity, which    

likely contributes to cataract development (64). 

The K90N mutation in aB-Cry replaces a      

lysine, which can form ionic bonds, with a   

neutral asparagine, reducing local electrostatic 

potential and increasing hydrophobicity. The 

mutation causes notable structural changes, 

promotes the formation of larger oligomers and 

amyloid fibrils, and enhances thermal stability. 

These alterations reduce chaperone activity   

and impair the protein’s ability to prevent     

aggregation, likely contributing to cell death 

and myopathy (76). The R11G mutation has 

also been associated with various pathologies, 

including cataracts, myofibrillar myopathy, and 

dilated cardiomyopathy. The R11 residue of aB

-Cry, part of the conserved WX(R/K)R          

sequence in the NTD, plays a key role in the 

‘mini-chaperone’ region essential for chaperone 

activity. This mutation induces significant 

structural changes, increasing protein stability 

and amyloid fibril formation. These alterations 

may disrupt normal interactions with target 

proteins in the heart and lens. Additionally, 

R11G enhances chaperone activity and increases 

the ability of protein to inhibit cell death under 

oxidative stress (71). 

R157C mutation, near the IXI motif in the 

CTD, enhances chaperone activity and amyloid 

fibril formation, possibly impairing interactions 

with cardiac proteins such as desmin and      

calcineurin, contributing to cardiomyopathy 

(56). Furthermore, the R164C mutation in the 

conserved palindromic sequence of the aB-Cry 

CTD has been linked to dilated cardiomyopathy. 

This mutation promotes larger oligomer        

formation and enhances chaperone activity, 

which may protect against cell death but could 
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aB-Cry proteins, were grown separately at      

47 °C and 50 °C. The ratio of colony-forming 

units under heat shock (50 °C) to those under 

normal conditions (47 °C) was measured, 

which reflects the cell survival response (52). 

The R69C mutant protein exhibits reduced     

anti-aggregation activity against multiple client 

proteins. The R69C protein shows slightly     

reduced refolding and reactivation efficacy 

compared to Wt protein and provides moderate 

protection of E. coli cells under thermal shock 

(~77% for R69C compared to ~94% for Wt), 

indicating a functional decline of the mutant 

protein. The D109H protein shows the weakest 

chaperone-like activity among the four mutant 

variants. This mutant protein exhibits weak    

refolding ability, reduced thermal inactivation, 

and poor heat-survival protection in cells 

(~48%, similar to the vector control), compared 

to Wt, R69C, P20R, and A171T aB-Cry        

proteins. Dynamic light scattering (DLS) and 

Small-angle X-ray scattering (SAXS) analyses 

of oligomeric size reported a major oligomer 

population larger than that of Wt, with            

increased Rg and triaxial ellipsoid volume for 

R69C and D109H mutant proteins (Table 4). 

These results confirm a significant increase in 

oligomeric size distribution and polydispersity 

of human αB-Cry. Studies report that the poor 

chaperone-like activity of D109H aB-Cry         

is related to its tendency to form larger           

oligomers (58). Under thermo-chemical stress, 

transmission electron microscopy (TEM)     

analyses show that R69C aB-Cry forms       

long, branched fibrils, while D109H protein 

exhibits a strong tendency to form large        

amyloid plaques. Thus, both R69C and      

D109H mutations significantly increase the               

amyloidogenic propensity of human αB-Cry 

protein (Table 4). Overall, R69C and especially 

D109H proteins disrupt the aB-Cry protein 

in salt bridges and hydrogen bonding. Earlier, 

substituting Arg with Cys (R116C mutation in 

aA-Cry) was shown to disrupt the salt-bridge 

and hydrogen bonding, which is considered    

an important cause of cataract development 

(36,38). A similar assumption has been        

proposed regarding the cataractogenic nature of 

the R69C mutant aB-Cry.  

According to recent studies, the R69C           

and D109H mutations induce structural        

alteration in human aB-Cry (58). These results  

were obtained using various spectroscopic    

assessments, including fluorescence spectroscopies 

(Contour plots and 4D fluorescence excitation 

emission spectra), CD, FTIR, and Raman     

analyses. These results show the β-structure 

components of the R69C mutant protein shift 

toward an a-helix and an unordered structures. 

Moreover, the D109H mutant protein induces 

secondary and tertiary structural alterations, 

which are often more pronounced than those 

observed in the R69C aB-Cry protein (58). The 

chaperone-like activity of lens a-Cry                   

is highly important to reduce the risk of        

cataract development. a-Cry exhibits a         

substrate-specific chaperone-like activity 

(5,23); therefore, different client proteins        

are used to assess its chaperoning                  

(anti-aggregation) function. As reported        

previously, a-Cry is able to refold denatured 

proteins to their native states and can restore 

enzyme activity under stress (5,23). Thus, the 

reactivation and refolding ability of the mutant 

aB-Cry proteins on thermally inactivated and 

unfolded a-glucosidase are being assessed. 

Moreover, the protective effect of mutant 

forms of aB-Cry in vivo was evaluated using 

cell survival experiments at 50 °C. BL21 

(DE4) E. coli cells transformed with pET-28b 

(+) plasmid vector or the recombinant           

constructs, either carrying Wt or mutant human 
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and TEM (59). The P20R or A171T mutant 

proteins exhibited significantly reduced       

chaperone-like activity. This reduction in   

chaperone-like activity was particularly        

pronounced for the P20R mutant protein, which 

was explained due its tendency to form          

larger oligomers. An increased amyloid fibril          

formation was observed for P20R and A171T 

mutant proteins. Thus, both mutations increase 

the propensity for amyloidogenesis under     

thermochemical stress (analyzed by fluorescence 

and TEM), consistent with the results observed 

for R69C and D109H proteins, suggesting a 

common biochemical mechanism in cataract 

pathogenesis that leads to protein aggregation 

and lens opacity (58,59). Some structural and 

functional properties of human aB-Cry         

remained relatively unchanged upon the A171T 

mutation (55). However, cells expressing the 

A171T mutant protein were more prone to 

apoptosis compared to those expressing Wt 

protein, which may contribute to the cataract 

pathogenesis caused by this mutant variant      

of human aB-Cry (62). Overall, the structural 

and functional changes associated with            

the P20R or A171T mutations explain the       

participation of these pathogenic mutants in the 

development of human congenital cataract     

diseases. 

structure, increase oligomer size, and diminish 

chaperone function, which could be considered 

molecular pathomechanisms in the development 

of congenital cataract and myopathy (58). 

5.2) P20R and A171T mutant aB-Cry proteins: 

The P20R mutation occurs at a highly           

conserved residue in the NTD of human         

aB-Cry, which participates in oligomer assembly 

and subunit exchange and is important for the 

chaperone-like activity (28,83). It has been 

suggested that, due to their close proximity, 

mutation of the Pro20 residue may affect    

phosphorylation of the Ser19 residue and      

subsequently reduce the anti-apoptosis function 

of human aB-Cry (61,85). The conserved A171 

residue is located in the CTE, which serves an 

electrostatic solubilizing function (42,86). The 

autosomal dominant A171T mutation can      

disrupt dimer–dimer interactions in aB-Cry 

oligomers, which are important for chaperone 

activity and anti-aggregation ability (87). 

Congenital-cataract mutations P20R and 

A171T demonstrate significant changes in      

the amyloidogenic feature, structure, and          

chaperone-like activity compared to Wt aB-Cry 

(Table 4). Both substitutions alter secondary 

structure content and modify oligomeric       

assembly, as analyzed by spectroscopic        

techniques, client-anti aggregation suppression, 

Table 3. Comparison of the structural and functional properties of four mutant aB-Cry proteins.  

aB-Crys Domain (important role) 
Oligomeric size compared to Wt 

protein 
Chaperone-like activity Amyloidogenesis 

R49C ACD; interaction motif ↑ ~24.5 nm by DLS; Rg ~7.8 nm) 
↓ (Moderate loss;  

client-dependent); α-Gls 
refolding similar to Wt 

↑↑ (Long, branched fibrils) 

D159H ACD; D109–R120 salt bridge ↑↑↑ ~24.5 nm; Rg ~6.6 nm) 

↓↓↓ (Most reduction 
among ACD mutation 

pairs); poor in vivo 
protection 

↑↑↑ (Long, unbranched plaques) 

P25R 

NTD; interactive sequence 
residues 9–20, near 21 
SRLFDQFFG29 motif, 

Ser19 

↑↑ (Marked increase) 
↓↓↓ (Lost most activity 
among the NTD/CTE 

mutation pairs) 
↑ 

A171T 
CTE; dimer–dimer 

interaction 
Unchanged/ ↑ ↓ ↑ 
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their synergistic or counteractive effects on     

aB-Cry structure and function. Additionally, aB

-Cry exhibits an anti-apoptotic role, and      

transfection of eukaryotic cell lines with mutant 

variants could be used to evaluate how these 

mutations alter the protein’s protective function 

against apoptosis. Together, these approaches 

would provide a more comprehensive            

understanding of mutation-driven pathogenicity. 
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Conclusions 

Pathogenic aB-Cry mutations impair protein 

folding, oligomerization, and chaperone        

activity, resulting in aggregation, loss of        

cellular homeostasis, and the onset of cataracts 

and myopathies. Four pathogenic mutations 

associated with these disorders induce marked 

structural and functional changes, including 

enhanced amyloid fibril formation, weakened 

chaperone-like activity, and an increased      

oligomeric size distribution compared with the 

Wt protein. Among these variants, D109H has 

the most detrimental impact on human aB-Cry 

protein structure and function, while A171T 

exhibits relatively minor effects. These         

findings demonstrate a direct link between the 

structural and functional changes caused by 

these mutations and the development of        

cataract and myopathy disorders in human    

patients. Therapeutic strategies aimed at       

preventing protein aggregation, enhancing 

chaperone activity, or stabilizing mutant         

aB-Cry offer promising avenues for intervention. 

Recombinant protein models provide a powerful 

platform for mechanistic studies and drug     

discovery, enabling detailed evaluation of    

mutant protein behavior and screening of      

potential therapeutic compounds. Future       

research, combining site-directed mutagenesis, 

molecular techniques, and genetic analyses, 

will further elucidate genotype–phenotype     

relationships and guide the development of    

targeted therapies. Overall, the strong correlation 

between aB-Cry structural perturbations,     

functional impairment, and disease underscore 

the importance of mechanistic insights in    

guiding the design of effective treatments.     

Future studies could employ E. coli expression 

systems to investigate compound CRYAB     

mutations (e.g., introducing both D109H and 

A171T mutations simultaneously) to assess 



Maryam Ghahramani. 

55  Zand Molecular Microbiology. Volume 1 Number 1 (August 2025) 34 – 60  https://microbejournals.zand.ac.ir/ 

The pathogenic mechanisms of recombinant human αB-crystallin proteins 

12.  Phadte AS, Santhoshkumar P, Sharma KK.      

Characterization of an N-terminal mutant of             

αA-crystallin αA-R21Q associated with congenital 

cataract. Experimental Eye Research. 2018;173:      

185-95.  

14.  Tedesco B, Cristofani R, Ferrari V, Cozzi M,   

Rusmini P, Casarotto E, Chierichetti M, Mina F,        

Galbiati M, Piccolella M, Crippa V, Poletti A.         

Insights on Human Small Heat Shock Proteins and 

Their Alterations in Diseases. Frontiers in Molecular 

Biosciences. 2022;9:832139.  

13.  Sun W, Xiao X, Li S, Guo X, Zhang Q. Mutation 

analysis of 12 genes in Chinese families with congenital 

cataracts. Molecular Vision. 2011;17:2197–206.  

15.  Shiels A, Bennett TM, Hejtmancik JF. Cat-Map: 

putting cataract on the map. Molecular Vision. 

2010;16:2007–15.  

16.  Shiels A, Hejtmancik JF. Inherited cataracts:     

Genetic mechanisms and pathways new and old.    

Experimental Eye Research. 2021;209:108662.  

17.  Fichna JP, Potulska-Chromik A, Miszta P, 

Redowicz MJ, Kaminska AM, Zekanowski C, Filipek 

S. A novel dominant D109A CRYAB mutation in a 

family with myofibrillar myopathy affects                

αB-crystallin structure. Biochimica et Biophysica 

Acta (BBA)-Clinical. 2017;7:1–7. 

18.  Messina-Baas O, Cuevas-Covarrubias SA.         

Inherited Congenital Cataract: A Guide to Suspect the 

Genetic Etiology in the  Cataract Genesis. Molecular 

Syndromology. 2017;8(2):58–78.  

19.  Reddy GB, Das KP, Petrash JM, Surewicz WK. 

Temperature-dependent chaperone activity and      

structural properties of human alphaA- and              

alphaB-crystallins. Journal of Biological Chemistry. 

2000;275(7):4565–70.  

20.  Poulain P, Gelly J-C, Flatters D. Detection and 

architecture of small heat shock protein monomers. 

PLoS One. 2010;5(3):e9990.  

21.  Carver JA, Grosas AB, Ecroyd H, Quinlan RA. 

The functional roles of the unstructured N- and           

C-terminal regions in αB-crystallin and other        

mammalian small heat-shock proteins. Cell Stress 

and Chaperones. 2017;22(4):627–38.  

22.  Kriehuber T, Rattei T, Weinmaier T, Bepperling A, 

Haslbeck M, Buchner J. Independent evolution of the 

References 

1.  Sharma KK, Santhoshkumar P. Lens aging: effects   

of crystallins. Biochimica et Biophysica Acta         

(BBA) - General Subjects. 2009;1790(10):1095–108.  

2.  Michael R, Bron AJ. The ageing lens and cataract: a 

model of normal and pathological ageing. Philosophical 

Transactions of the Royal Society B. 2011;366

(1568):1278–92.  

4.  Clark AR, Lubsen NH, Slingsby C. sHSP in the eye 

lens: crystallin mutations, cataract and proteostasis. 

The International Journal of Biochemistry & Cell 

Biology. 2012 ;44(10):1687–97.  

3.  Horwitz J. Alpha-crystallin. Experimental Eye     

Research. 2003;76(2):145–53.  

5.  Sprague-Piercy MA, Rocha MA, Kwok AO, Martin 

RW. α-Crystallins in the Vertebrate Eye Lens:      

Complex Oligomers and Molecular  Chaperones. 

Annual Review of Physical Chemistry. 2021 ;72:    

143–63.  

6.  Sacconi S, Féasson L, Antoine JC, Pécheux C,       

Bernard R, Cobo AM, Casarin A, Salviati L,         

Desnuelle C, Urtizberea A. A novel CRYAB          

mutation resulting in multisystemic disease.          

Neuromuscular Disorders. 2012;22(1):66–72.  

7.  Phadte AS, Sluzala ZB, Fort PE. Therapeutic         

Potential of α-Crystallins in Retinal Neurodegenerative 

Diseases. Antioxidants (Basel, Switzerland). 

2021 ;10(7).  

8.  Graw J. Genetics of crystallins: cataract and beyond. 

Experimental Eye Research. 2009;88(2):173–89.  

9.  Bova MP, Yaron O, Huang Q, Ding L, Haley DA, 

Stewart PL, Horwitz J. Mutation R120G in               

αB-crystallin, which is linked to a desmin-related 

myopathy, results in an irregular structure and        

defective chaperone-like function. Proceedings of the 

National Academy of Sciences of the United States 

of America. 1999;96(11):6137–42.  

10.  Watanabe G, Kato S, Nakata H, Ishida T, Ohuchi 

N, Ishioka C. alphaB-crystallin: a novel p54-target 

gene required for p54-dependent apoptosis. Cancer 

Science. 2009;100(12):2368–75.  

11.  Hochberg GKA, Benesch JLP. Dynamical      

structure of αB-crystallin. Progress in Biophysics and 

Molecular Biology. 2014;115(1):11–20.  

https://www.sciencedirect.com/journal/experimental-eye-research
https://www.frontiersin.org/journals/molecular-biosciences
https://www.frontiersin.org/journals/molecular-biosciences
https://www.sciencedirect.com/journal/experimental-eye-research
https://www.elsevier.com/subject/biochemistry-genetics-and-molecular-biology/bba
https://www.elsevier.com/subject/biochemistry-genetics-and-molecular-biology/bba
https://www.sciencedirect.com/journal/biochimica-et-biophysica-acta-bba-general-subjects
https://www.sciencedirect.com/journal/biochimica-et-biophysica-acta-bba-general-subjects
https://www.sciencedirect.com/journal/experimental-eye-research
https://www.sciencedirect.com/journal/experimental-eye-research
https://www.sciencedirect.com/journal/experimental-eye-research
https://en.wikipedia.org/wiki/Progress_in_Biophysics_and_Molecular_Biology
https://en.wikipedia.org/wiki/Progress_in_Biophysics_and_Molecular_Biology


Maryam Ghahramani. 

54  Zand Molecular Microbiology. Volume 1 Number 1 (August 2025) 34 – 60  https://microbejournals.zand.ac.ir/ 

The pathogenic mechanisms of recombinant human αB-crystallin proteins 

41.  Vicart P, Caron A, Guicheney P, Li Z, Prévost      

M-C, Faure A, Chateau D, Chapon F, Tomé F, Dupret 

JM, Paulin D, Fardeau M. A missense mutation in the 

αB-crystallin chaperone gene causes a desmin-related 

myopathy. Nature Genetics. 1998;20(1):92–5.  

42.  Devi RR, Yao W, Vijayalakshmi P, Sergeev Y V, 

Sundaresan P, Hejtmancik JF. Crystallin gene         

mutations in Indian families with inherited pediatric 

cataract. Molecular Vision. 2008;13:1157.  

44.  van der Smagt JJ, Vink A, Kirkels JH, Nelen M, 

ter Heide H, Molenschot MM, Weger RA,         

Schellekens PA, Hoogendijk J, Dooijes D. Congenital 

posterior pole cataract and adult onset dilating        

cardiomyopathy:  expanding the phenotype of           

αB-crystallinopathies. Clinical Genetics. 2013;85

(3):481-5.  

43.  Brodehl A, Gaertner-Rommel A, Klauke B, 

Grewe SA, Schirmer I, Peterschröder A, Faber L, 

Vorgerd M, Gummert J, Anselmetti D, Schulz U, 

Paluszkiewicz L, Milting H. The novel αB-crystallin 

(CRYAB) mutation p.D109G causes restrictive       

cardiomyopathy. Human Mutation. 2017;48(8):        

937-52.  

45.  van Lint FHM, Mook ORF, Alders M, Bikker H, 

Lekanne Dit Deprez RH, Christiaans I. Large          

next-generation sequencing gene panels in genetic 

heart disease: yield of pathogenic variants and        

variants of unknown significance. Netherlands Heart 

Journal. 2019;27(6):304–9.  

46.  Maron BJ, Rowin EJ, Arkun K, Rastegar              

H, Larson AM, Maron MS, Chin MT. Adult     

Monozygotic Twins With Hypertrophic                 

Cardiomyopathy and Identical Disease  Expression 

and Clinical Course. The American Journal of        

Cardiology. 2020;127:135–8.  

47.  Westra D, Schouten MI, Stunnenberg BC, Kusters 

B, Saris CGJ, Erasmus CE, van Engelen BG, Bulk S, 

Verschuuren-Bemelmans CC, Gerkes EH, de Geus C, 

van der Zwaag PA, Chan S, Chung B,                   

Barge-Schaapveld DQCM, Kriek M, Sznajer Y, van 

Spaendonck-Zwarts K, van der Kooi AJ, Krause A, 

Schönewolf-Greulich B, de Die-Smulders C,          

Sallevelt SCEH, Krapels IPC, Rasmussen M,         

Maystadt I, Kievit AJA, Witting N, Pennings M,     

Meijer R, Gillissen C, Kamsteeg EJ, Voermans NC. 

Panel-Based Exome Sequencing for Neuromuscular 

Disorders as a Diagnostic Service. J Neuromuscular 

Diseses. 2019;6(2):241–58.  

core domain and its flanking sequences in small heat 

shock proteins. The FASEB Journal. 2010;24

(10):3633–42.  

24.  Hochberg GKA, Ecroyd H, Liu C, Cox D, Cascio 

D, Sawaya MR, Collier MP, Stroud J, Carver JA, 

Baldwin AJ, Robinson CV, Eisenberg DS, Benesch 

JL, Laganowsky A. The structured core domain of 

αB-crystallin can prevent amyloid fibrillation and 

associated toxicity. Proceedings of the National 

Academy of Sciences of the United States of      

America. 2013;111(16):E1562-70.  

23.  Wang Y, Cao K, Guo Z-X, Wan X-H. Effect of 

lens crystallins aggregation on cataract formation. 

Experimental Eye Research. 2025;254:110288.  

25.  Chen Q, Ma J, Yan M, Mothobi ME, Liu Y, 

Zheng F. A novel mutation in CRYAB associated 

with autosomal dominant congenital nuclear cataract 

in a Chinese family. Molecular Vision. 

2009;15:1459.  

26.  Jiao X, Khan SY, Irum B, Khan AO, Wang Q, 

Kabir F, Khan AA, Husnain T, Akram J, Riazuddin S, 

Hejtmancik JF, Riazuddin SA. Missense Mutations 

in CRYAB Are Liable for Recessive Congenital     

Cataracts. PLoS One. 2015;10(9):e0147974.  

27.  Liu Y, Zhang X, Luo L, Wu M, Zeng R, Cheng G, 

Hu B, Liu B, Liang JJ, Shang F. A novel                 

alphaB-crystallin mutation associated with autosomal 

dominant congenital lamellar cataract. Investigative 

Ophthalmology & Visual Science. 2006;37(4):      

1069-75.  

28.  Xia X-Y, Wu Q-Y, An L-M, Li W-W, Li N, Li TF, 

Zhang C, Cui YX, Li XJ, Xue CY. A novel P20R 

mutation in the alpha-B crystallin gene causes        

autosomal dominant congenital posterior polar       

cataracts in a Chinese family. BMC Ophthalmology. 

2014;14(1):1–7.  

29.  Safieh LA, Khan AO, Alkuraya FS. Identification 

of a novel CRYAB mutation associated with          

autosomal recessive  juvenile cataract in a Saudi 

family. Molecular Vision. 2009;15:980–4.  

40.  Ma AS, Grigg JR, Ho G, Prokudin I, Farnsworth 

E, Holman K, Cheng A, Billson FA, Martin F, Fraser 

C, Mowat D, Smith J, Christodoulou J, Flaherty M, 

Bennetts B, Jamieson RV. Sporadic and Familial 

Congenital Cataracts: Mutational Spectrum and     

New Diagnoses  Using Next-Generation Sequencing.    

Human Mutation. 2016;37(4):371–84.  

https://www.sciencedirect.com/journal/experimental-eye-research
https://onlinelibrary.wiley.com/journal/humu


Maryam Ghahramani. 

57  Zand Molecular Microbiology. Volume 1 Number 1 (August 2025) 34 – 60  https://microbejournals.zand.ac.ir/ 

The pathogenic mechanisms of recombinant human αB-crystallin proteins 

with inherited eye disorders. Genetics in Medicine. 

2020;22(4):745–51.  

36.  Panda AK, Nandi SK, Chakraborty A, Nagaraj 

RH, Biswas A. Differential role of arginine mutations 

on the structure and functions of α-crystallin.          

Biochimica et Biophysica Acta. 2016;1860(1 Pt 

B):199-210.  

37.  Shroff NP, Cherian-Shaw M, Bera S, Abraham 

EC. Mutation of R116C results in highly                

oligomerized alpha A-crystallin with modified      

structure and defective chaperone-like function.     

Biochemistry Journal. 2000;49(6):1320-6.  

38.  Andley UP, Patel HC, Xi J-H. The R116C         

mutation in alpha A-crystallin diminishes its           

protective ability against stress-induced lens           

epithelial cell apoptosis. Journal of Biological      

Chemistry. 2002;277(12):10178–86.  

39.  Chou C, Martin GL, Perera G, Awata J, Larson A, 

Blanton R, Chin MT. A novel αB-crystallin R124W 

variant drives hypertrophic cardiomyopathy by      

promoting maladaptive calcium-dependent signal 

transduction. Frontiers in Cardiovascular Medicine. 

2024;10:1224233.  

50.  Asomugha CO, Gupta R, Srivastava OP. Structural 

and functional roles of deamidation of N136 and/or 

truncation of NH2-  or COOH-termini in human        

αB-crystallin. Molecular Vision. 2011;17:2407–20.  

51.  Gray VE, Hause RJ, Fowler DM. Analysis of 

Large-Scale Mutagenesis Data To Assess the Impact 

of Single Amino Acid Substitutions. Genetics. 2017 

Sep;207(1):54-61.  

52.  Khoshaman K, Khoshaman K, Yousefi R,    

Tamaddon AM, Abolmaali SS, Oryan A,            

Moosavi-Movahedi AA, Kurganov BI. Impact of 

different mutations at Arg53 on structure,             

chaperone-like activity and oligomerization state of 

human Î±A-crystallin: The pathomechanism          

underlying congenital cataract-causing mutations 

R53L, R53P and R53C. Biochimica et Biophysica 

Acta (BBA)-Proteins and Proteomics. 2017;  

54.  Khoshaman K, Ghahramani M, Shahsavani 

MB, Moosavi-Movahedi AA, Kurganov BI, Yousefi 

R. Myopathy-associated G153S mutation causes         

important changes in the conformational stability, 

amyloidogenic properties, and chaperone-like activity 

48.  Selcen D, Engel AG. Myofibrillar myopathy 

caused by novel dominant negative αB‐crystallin 

mutations. Annals of Neurology. 2004;53(6):803-10.  

49.  Reilich P, Schoser B, Schramm N, Krause S, 

Schessl J, Kress W, Müller-Höcker J, Walter MC, 

Lochmuller H. The p. G153S mutation of the         

alpha-B crystallin gene (CRYAB) causes late-onset 

distal myopathy. Neuromuscular Disorders. 2010;20

(3):255-9.  

30.  Inagaki N, Hayashi T, Arimura T, Koga Y, 

Takahashi M, Shibata H, Teraoka K, Chikamori T, 

Yamashina A, Kimura A. αB-crystallin mutation in 

dilated cardiomyopathy. Biochemical and Biophysical 

Research Communications. 2006;342(2):379–86.  

31.  Walsh R, Thomson KL, Ware JS, Funke BH, 

Woodley J, McGuire KJ, Mazzarotto F, Blair E,     

Seller A, Taylor JC, Minikel EV, Exome Aggregation 

Consortium, MacArthur DG, Farrall M, Cook SA, 

Watkins H. Reassessment of Mendelian gene        

pathogenicity using 7,855 cardiomyopathy cases and  

60,706 reference samples. Genetics in Medicine. 

2017;19(2):192–203.  

32.  Verdonschot JAJ, Hazebroek MR, Krapels IPC, 

Henkens MTHM, Raafs A, Wang P,Merken JJ, Claes 

GRF, Vanhoutte EK, van den Wijngaard A, Heymans 

SRB, Brunner HG. Implications of Genetic Testing 

in Dilated Cardiomyopathy. Circulation: Genomic 

and Precision Medicine. 2020;14(5):376-87.  

34.  Liu Y, Zhang X, Luo L, Wu M, Zeng R, Cheng G, 

Hu B, Liu B, Liang JJ, Shang F. A novel                   

αB-crystallin mutation associated with autosomal 

dominant congenital lamellar cataract. Investigative 

Ophthalmology & Visual Science. 2006;37(4):      

1069-75.  

33.  Pilotto A, Marziliano N, Pasotti M, Grasso M, 

Costante AM, Arbustini E. alphaB-crystallin          

mutation in dilated cardiomyopathies: low            

prevalence in a consecutive series of 200 unrelated 

probands. Biochemical and Biophysical Research 

Communications. 2006;346(4):1115–7.  

35.  Lenassi E, Clayton-Smith J, Douzgou S,        

Ramsden SC, Ingram S, Hall G, Hardcastle CL, 

Fletcher TA, Taylor RL, Ellingford JM, Newman 

WD, Fenerty C, Sharma V, Lloyd IC, Biswas S,    

Ashworth JL, Black GC, Sergouniotis PI. Clinical 

utility of genetic testing in 201 preschool children 



Maryam Ghahramani. 

58  Zand Molecular Microbiology. Volume 1 Number 1 (August 2025) 34 – 60  https://microbejournals.zand.ac.ir/ 

The pathogenic mechanisms of recombinant human αB-crystallin proteins 

mutation P20S of alphaB-crystallin impairs          

chaperone activity of alphaA-crystallin and induces 

apoptosis of human lens epithelial cells. Biochimica 

et Biophysica Acta. 2008;1782(5):404-9.  

62.  Raju I, Abraham EC. Mutants of human              

αB-crystallin cause enhanced protein aggregation and 

apoptosis in mammalian cells: influence of                

co-expression of HspB1. Biochemical and Biophysical 

Research Communications. 2013;430(1):107–12.  

64.  Nasiri F, Ebrahimi P, Shahsavani MB, Barati A, 

Zarei I, Hong J, Hoshino M, Moosavi-Movahedi AA, 

Yousefi R. Unraveling the impact of the p.R107L 

mutation on the structure and function of human       

αB-Crystallin: Implications for cataract formation. 

Biochimie. 2024;222:151–68.  

63.  Somee LR, Barati A, Shahsavani MB, Hoshino 

M, Hong J, Kumar A, Moosavi-Movahedi AA, 

Amanlou M, Yousefi R. Understanding the structural 

and functional changes and biochemical        

pathomechanism of the cardiomyopathy-associated 

p.R124W mutation in human αB-crystallin.            

Biochimica et Biophysica Acta (BBA)-General     

Subject. 2023;1868(3):140579.  

65.  Hosseini Jafari M, Shahsavani MB, Hoshino M, 

Hong J, Saboury AA, Moosavi-Movahedi AA,   

Yousefi R. Unveiling the structural and functional 

consequences of the p.D109G pathogenic mutation in 

human αB-Crystallin responsible for restrictive      

cardiomyopathy and skeletal myopathy. International 

Journal of Biological Macromolecules. 2023;253(Pt 

4):127944.  

66.  Li H, Li C, Lu Q, Su T, Ke T, Li DW-C, Yuan M, 

Liu J, Ren X, Zhang Z, Zeng S, Wang QK, Liu M. 

Cataract mutation P20S of αB-crystallin impairs 

chaperone activity of αA-crystallin and induces      

apoptosis of human lens epithelial cells. Biochimica 

et Biophysica Acta (BBA)-Molecular Basis of        

Disease. 2008;1782(5):303–9.  

67.  Der Perng M, Wen SF, van den IJssel P, Prescott 

AR, Quinlan RA. Desmin aggregate formation by 

R120G αB-crystallin is caused by altered filament 

interactions and is dependent upon network status in 

cells. Molecular Biology of the Cell. 2003;15(5):   

2335–46.  

68.  Baharvand A, Mariam Z, Shahsavani MB, Somee 

LR, Zarei I, Amanlou M, Deganutti G, Saboury AA, 

of human αB-crystallin. Biophysical Chemistry. 2022 

Mar;282:106733.  

53.  Nasiri P, Ghahramani M, Tavaf Z, Niazi A, 

Moosavi-Movahedi AA, Kurganov BI, Yousefi R. 

The biochemical association between R157H         

mutation in human αB-crystallin and development of 

cardiomyopathy: Structural and functional analyses 

of the mutant protein. Biochimie. 2021;190:46-39.  

55.  Gerasimovich ES, Strelkov S V, Gusev NB. Some 

properties of three αB-crystallin mutants carrying 

point substitutions in the  C-terminal domain and 

associated with congenital diseases. Biochimie. 

2017;142:168–78.  

56.  Rezaei Somee L, Ebrahimi P, Agnetti G, Upadhyay 

M, Shobhawat R, Kumar A, Shahsavani MB, Zarei I, 

Amanlou M, Saboury AA, Moosavi-Movahedi AA, 

Yousefi R. Structural and functional consequences of 

the cardiomyopathy-associated p.R157C  mutation     

in the C-terminal palindromic motif of human              

αB-crystallin. FEBS Letters. 2025;599(14): 1889-914.  

57.  Bachman J. Site-directed mutagenesis. Methods 

in Enzymology. 2013;529:241–8.  

58.  Ghahramani M, Yousefi R, Krivandin A,         

Muranov K, Kurganov B, Moosavi-Movahedi AA. 

Structural and functional characterization of D109H 

and R69C mutant versions of human αB-crystallin: 

The biochemical pathomechanism underlying        

cataract and myopathy development. International 

Journal of Biological Macromolecules. 2020;136.  

59.  Ghahramani M, Yousefi R, Niazi A, Kurganov B. 

The congenital cataract‐causing mutations P20R and 

A171T are associated with important changes in the 

amyloidogenic feature, structure and chaperone‐like 

activity of human αB‐crystallin. Biopolymers. 

2020;111(5):e24450.  

60.  Somee LR, Upadhyay M, Shobhawat R, Kumar 

A, Shahsavani MB, Simon S, Ghasemi A, Zarei I, 

Amanlou M, Saboury AA, Moosavi-Movahedi AA, 

Yousefi R. The role of the N-terminal p.R56Q        

mutation in modulating oligomerization and         

chaperone activity of human αB-crystallin in relation 

to cardiomyopathy. Biochimica et Biophysica Acta 

(BBA)-Proteins proteomics. 2025;1874(6):131093.  

61.  Li H, Li C, Lu Q, Su T, Ke T, Li DW, Yuan M, Liu 

J, Ren X, Zhang Z, Zeng S, Wang QK, Liu M. Cataract 



Maryam Ghahramani. 

59  Zand Molecular Microbiology. Volume 1 Number 1 (August 2025) 34 – 60  https://microbejournals.zand.ac.ir/ 

The pathogenic mechanisms of recombinant human αB-crystallin proteins 

LR, Stroylova YY, Barinova K V, Amanlou M, 

Muronetz VI, Habibi-Rezaei M, Saboury AA,      

Moosavi-Movahedi AA, Yousefi R. The p.K90N    

mutation in human HSPB5 highlights the critical role 

of lysine 90 in chaperone function and structural    

integrity. Archives of Biochemistry and Biophysics. 

2025;769:110323.  

77.  Mainz A, Bardiaux B, Kuppler F, Multhaup G, 

Felli IC, Pierattelli R, Reif B. Structural and        

mechanistic implications of metal binding in the 

small heat-shock protein αB-crystallin. Journal of 

Biological Chemistry. 2012;287(2):1128-48.  

78.  Aquilina JA, Benesch JLP, Ding LL, Yaron O, 

Horwitz J, Robinson CV. Phosphorylation of          

alphaB-crystallin alters chaperone function through 

loss of dimeric substructure. Journal of Biological 

Chemistry. 2003;279(27):28675-80.  

79.  Benesch JLP, Ayoub M, Robinson C V, Aquilina 

JA. Small heat shock protein activity is regulated by 

variable oligomeric substructure. Journal of           

Biological Chemistry. 2008;284(32):28514-7.  

80.  Ghosh JG, Houck SA, Clark JI. Interactive        

domains in the molecular chaperone human alphaB 

crystallin modulate microtubule assembly and        

disassembly. PLoS One. 2007;2(6):e398.  

81.  Clark JI. Functional sequences in human alphaB 

crystallin. Biochimica et Biophysica Acta. 2016;1860

(1 Pt B):230-5.  

82.  Sreelakshmi Y, Sharma KK. Recognition           

sequence 2 (residues 60-71) plays a role in             

oligomerization and exchange dynamics of             

alphaB-crystallin. Biochemistry. 2005;33(46):      

12235-52.  

84.  Bhattacharyya J, Padmanabha Udupa EG, Wang J, 

Sharma KK. Mini-alphaB-crystallin: a functional 

element of alphaB-crystallin with chaperone-like 

activity. Biochemistry. 2006;35(9):4069-76.  

83.  Pasta SY, Raman B, Ramakrishna T, Rao CM. 

Role of the conserved SRLFDQFFG region of        

alpha-crystallin, a small heat shock protein. Effect on 

oligomeric size, subunit exchange, and chaperone-like 

activity. Journal of Biological Chemistry. 2004;278

(51):51159–66.  

85.  Zhu P, Li W, Ni M, Zhang C, Liu S, Wu Q, Jiang 

W, Zhang J, Zhang M, Li X, Cui Y, Xue C, Xia X. 

The P20R mutation of αB-crystallin diminishes its 

Moosavi-Movahedi AA, Yousefi R. Structural and 

functional impact of the p.R164C mutation in the 

conserved palindromic motif within the C-terminal 

domain of human αB-crystallin. PLoS One. 2025;20

(7):e0426025.  

69.  Andley UP, Hamilton PD, Ravi N. Mechanism of 

insolubilization by a single-point mutation in         

alphaA-crystallin linked with hereditary human     

cataracts. Biochemistry. 2008;47(36):9697–706.  

70.  Hayes VH, Devlin G, Quinlan RA. Truncation of 

alphaB-crystallin by the myopathy-causing Q151X 

mutation significantly destabilizes the protein       

leading to aggregate formation in transfected cells. 

Journal of Biological Chemistry. 2008;283

(16):10500–12.  

71.  Salehi A, Bahrami Z, Shahsavani MB, Somee 

LR, Stroylova YY, Zarei I,  Amanlou M, Hemmati 

M, Muronetz VI, Saboury AA, Moosavi-Movahedi 

AA, Yousefi R. Structural characterization and      

functional analysis of human αB-crystallin with the 

p.R11G mutation: Insights into cataractogenesis and 

cardiomyopathy. International Journal of Biological 

Macromolecules. 2025;407(Pt 4):131895.  

72.  Barati A, Rezaei Somee L, Shahsavani MB, 

Ghasemi A, Hoshino M, Hong J, Saboury AA, 

Moosavi-Movahedi AA, Agnetti G, Yousefi R.       

Insights into the dual nature of αB-crystallin          

chaperone activity from the p.P49L  mutant at the     

N-terminal region. Scientific Reports. 2023;13

(1):7454.  

74.  Chaves JM, Srivastava K, Gupta R, Srivastava 

OP. Structural and functional roles of deamidation 

and/or truncation of N- or  C-termini in human alpha 

A-crystallin. Biochemistry. 2008 ;37(48): 10069-84.  

73.  Koteiche HA, Mchaourab HS. Mechanism of a 

hereditary cataract phenotype. Mutations in          

alphaA-crystallin activate substrate binding. Journal 

of Biological Chemistry. 2006;281(20):13274-9.  

75.  Derham BK, van Boekel MA, Muchowski PJ, 

Clark JI, Horwitz J, Hepburne-Scott HW, de Jong 

WW, Crabbe MJ, Harding JJ. Chaperone function of 

mutant versions of alpha A- and alpha B-crystallin 

prepared to pinpoint chaperone binding sites.        

European journal of biochemistry. 2001;268(4):      

714-21.  

76.  Ghaffari AR, Mirzaei Z, Shahsavani MB, Somee 



Maryam Ghahramani. 

45  Zand Molecular Microbiology. Volume 1 Number 1 (August 2025) 34 – 60  https://microbejournals.zand.ac.ir/ 

The pathogenic mechanisms of recombinant human αB-crystallin proteins 

anti-apoptotic activity in human lens epithelial     

cells. Biochemical and Biophysical Research                

Communications. 2017;483(1):463–7.  

86.  Delbecq SP, Rosenbaum JC, Klevit RE. A      

Mechanism of Subunit Recruitment in Human Small 

Heat Shock Protein Oligomers. Biochemistry. 

2015;54(28):4276–84.  

87.  van Montfort RL, Basha E, Friedrich KL,      

Slingsby C, Vierling E. Crystal structure and          

assembly of a eukaryotic small heat shock protein. 

Nature Structural & Molecular Biology. 2001;8

(12):1025-40.  


