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Objective(s): Streptavidin is a versatile protein in cell science. The tetramer structure of streptavidin 
plays a key role in this binding, but this form interferes with some assays. If monomer streptavidin is 
still capable of binding to biotin, it can overcome the limitations of the streptavidin application. So, 
we examined the elimination of tryptophan 120 and its effect on the function of streptavidin.
Materials and Methods: Mutant streptavidin gene was synthesized in a pBSK vector. Then it was ligated 
to the pET32α vector. This vector is expressed in Escherichia coli BL21 (DE3) pLysS host. After purification 
and refolding of the recombinant protein, its structure was analyzed on the SDS_PAGE gel. Recombinant 
streptavidin binding affinity to biotin was evaluated by spectrophotometric and HABA color compound.
Results: Mutant streptavidin gene was successfully expressed in E. coli BL21 (DE3) pLysS host and 
the purified protein was observed as a single band in the 36 kDa area. The best condition for dialysis 
was PBS buffer+arginine. The molar ratio of biotin/protein of mutant streptavidin was not only near 
but also more than standard protein. Mutant streptavidin remained in the monomeric state in the 
presence or absence of biotin.
Conclusion: Results of this study showed that 120 tryptophan is one of the most important factors 
in tetramer streptavidin formation and its deletion produces the monomer form that has a high 
binding affinity to biotin. This mutant form of streptavidin can therefore be used in studies requiring 
monovalent binding as well as in studies facing limitations due to the size of streptavidin tetramer.
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Introduction
Streptavidin is produced by Actinomyces bacteria 

called Streptomyces avidinii and is extensively used in 
biotechnological studies, assays, and processes such as 
detection and purification due to its high biotin-binding 
affinity (1). Each of the subunits of homotetrameric 
streptavidin consists of eight anti-parallel strands and a 
biotin-binding site at the end of any of the subunits. This site 
is covered by a flexible loop (between strands 3 and 4) and 
acts as a lid in the binding site. Forming hydrogen bonds 
and the presence of several aromatic residues (creating the 
hydrophobic environment required for the hydrophobic 
ligand) make a strong binding affinity to biotin. Hence, the 
binding between streptavidin and biotin is the strongest 
bond in nature (2).

Other unique features of streptavidin include resistance 
against heat, denaturants (triton and SDS), high and low pH 
ranges, and the proteolytic activity of some enzymes (3).

Despite the mentioned desirable features of streptavidin, 
its tetramer form is not appropriate for some assays, such 
as the monovalent detection of cell surface receptors. The 
tetramer form causes the accumulation of ligands; on the 
other hand, receptor dimerization is a common mechanism 
in cell signaling thus wild-type streptavidin acts as a receptor 
ligand and finally interferes with the results of studies (4). 

Also, using streptavidin tetramer as a recombinant fusion 
tag interrupts the structure of proteins. To overcome these 
restrictions, studies have developed monomeric streptavidin 
forms by the replacement of mutations of essential amino 

acids with other amino acids (5). The mutant forms of 
streptavidin with replacement mutations have limitations 
in stability, binding affinity, and in vitro use. It is therefore 
necessary to design a monomer by eliminating mutations 
to improve binding properties. One of the most effective 
factors in the high binding tendency of streptavidin to biotin 
is the reaction of tryptophan 120 with biotin of the adjacent 
subunit, which is effective in forming the tetramer form.

In this study, by removing the amino acid tryptophan 120 
in the mature sequence of streptavidin, this mutation was 
investigated in the binding of subunits, tetramer formation, 
and its effect on the affinity of binding to biotin as well as the 
correct refolding of the protein.

 According to the importance of the subject, the purpose 
of this study was the elimination of tryptophan 120 and 
examined its effect on the formation of monomer form 
and the biotin-binding affinity. Also, it was attempted to 
produce a high-affinity streptavidin monomer by dialyzing 
the recombinant protein in different situations.

Materials and methods 
Materials and chemicals

All chemicals used in the manufacture of buffers, 
solutions, and other steps are provided by Merck and Roche. 
Protein and DNA Ladder are provided by Thermo Scientific. 

Bacterial strains
Escherichia coli DH5α was used as the recombinant 

protein cloning host, E. coli BL21 (DE3) pLYsS was 
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employed as the recombinant protein expression host, and 
pET32a was applied as the recombinant expressive vector.

Construction of gene
In the streptavidin mutated gene sequence, tryptophan 

translation code 120 was deleted and the BamH1 enzyme 
cutting site (G/GATTC) was placed at the beginning 
of the gene and the XhO1 cutting site (C/TCGAG) was 
placed at the end of the gene and codon-optimized for E. 
coli expression. The whole construct was synthesized with 
Biomatik Company (Cambridge, ON, Canada) and inserted 
into the plasmid pET32a as the expression vector. The 
pET32a- mutant streptavidin construct was transferred to 
competent bacteria E. coli DH5α. 

Confirm recombinant plasmid
For this purpose, plasmids were purified according to 

the standard protocol, and digestion reaction was done to 
confirm recombinant plasmids with BamHI and XhoI3’ (6).

Production of recombinant protein of mutant streptavidin
For expression purposes, competent E. coli BL21 (DE3) 

pLysS cells were prepared based on standard protocols and 
were transformed by the successfully extracted expression 
vector pET32a- mutant streptavidin construct. Selected 
transformed bacterial colonies grown on plates containing 
ampicillin and chloramphenicol were incubated with a 
2 ml NB medium. Then, 300 μl of overnight culture was 
inoculated into 50 ml NB broth (100 μg/ml ampicillin and 
34 μg/ml chloramphenicol), and incubated at 37 °C, 220 
rpm. The cells’ optical density at 600 nm was measured 
occasionally, and at OD600 nm~0.6, isopropyl thio β-D-
galactosidase (IPTG) (1 mM) was added to induce protein 
expression. After a 4 hr incubation time, the cells were 
harvested by centrifugation at 5000 rpm for 20 min and 
the pellets were stored at -20 °C. SDS-polyacrylamide gel 
electrophoresis (SDS-PAGE12%) was applied to assay the 
quality of the purified recombinant protein (7).

Purification of mutant streptavidin 
Denaturing conditions using 8 M urea, followed by Ni-

NTA agarose resin affinity chromatography were used for 
purification of the recombinant proteins based on standard 
protocols (8). The purity of the purified protein was 
investigated by SDS-PAGE 12%. The quantity of protein was 
calculated from the following equation:

(1.55×OD280)–(0.76×OD260)=amount of protein (mg/ml)

Urea assay test
To ensure the absence of urea in the protein solution, a 

urea assay test was done with Berthelot kit (Iran) according 
to the kit protocol.

Refolding of the purified protein
Using urea for protein purification denatures the active 

folding of proteins. Accordingly, the refolding process 
was done by applying the prepared dialysis tubing with 
a 10 K molecular weight cut-off (MWCO). The dialysis 
process carried out in basic buffers included PBS, borate, 
HEPS, MOPS, and Tris-HCl at 4 °C for 24 hr. The additive 
compounds were prepared according to Table 1. Samples 
(1-2 ml) were loaded into the dialysis membrane followed 
by embedding into the chambers containing 300 ml external 
dialysis buffer with gentle agitation at 4 °C. The dialysis 
buffer was changed after 2 hr and dialyzed for 24 hr. Finally, 
dialyzed protein samples were maintained at 4 °C for the 
next stages of the project. Then, the refolded protein was 
analyzed by SDS-PAGE (12%) (9). The quantity of protein 
was calculated from the following equation:

(1.55×OD280)–(0.76×OD260)=amount of protein (mg/ml) 

For refolding of streptavidin protein with pI=4.6, we 
selected buffers with a pH range of neutral to alkaline (9).

Assessing the biotin-binding affinity of the dialyzed 
streptavidin

To assess the effect of dialysis on the structure and 
performance of the produced streptavidin, streptavidin 
binding affinity to biotin was measured after each dialysis 
using the HABA dye (4’- hydroxyazobenzene-2-carboxylic 
acid) method, in which HABA binds to streptavidin and 
produces a yellow complex. In this reaction, also biotin binds 
to streptavidin to compete with HABA and consequently 
reduces the absorption of streptavidin at the wavelength 
of λ500. The biotin-binding affinity of standard streptavidin 
was assessed at different concentrations. Finally,  molar 

Figure 1. Mutant streptavidin gene
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Table 1. Sample dialysis conditions in different buffers in the presence 
of various types additives

 

1 
 

 



Iran J Basic Med Sci, 2023, Vol. 26, No. 5

Didevara et al. The affinity of mutated streptavidin to biotin is high

574

ratios of biotin to the protein of the dialyzed streptavidin 
and standard streptavidin were compared with each other. 
Reduction in the absorption was calculated using the 
following equations (10): 

ΔA=(0.9 x OD1)+OD3–OD2  
OD1=OD reading of streptavidin+HABA mixture

OD2=OD reading of streptavidin+HABA+biotin mixture
OD3=Blank (OD reading of streptavidin+HABA+water 

mixture)

To calculate the amount of biotin (µM) per ml of the reaction 
mixture: C= ΔA/34
The amount of biotin (mM) per ml of the sample: B=C.10
 Molar ratio of biotin to protein: B/P (P is the molar 
concentration of the protein sample)

Optimization of protein concentration to improve dialysis 
with arginine amino acid

To find an appropriate protein concentration for dialysis, 
the protein dialysis was performed in PBS buffer in the 
presence of arginine at 0.1-0.5 mg/ml concentrations of the 
protein for 24 and 48 hr. Then, their biotin-binding affinity 
was assayed.

Investigation of the structure of mutant streptavidin
The dialyzed samples were analyzed on 12% SDS-PAGE gel 

in the presence and absence of biotin to evaluate the structure.

To compare the structural changes between wild-type and 
mutant recombinant streptavidin

Samples of dialyzed streptavidin in PBS buffer containing 
arginine and standard streptavidin were analyzed in the 
presence and absence of biotin on 12% SDS_PAGE gel.

Results
Digestion of recombinant plasmid pET32a- mutant 
streptavidin

The results of digestion show that the ligation reaction 
was performed correctly and the desired fragment was 
removed from the pET32a plasmid. The fragment was 
observed in front of the 477 bp band (Figure 2).

Expression of pET32a- mutant streptavidin in E. coli BL21 
(DE3) pLYsS

Protein production was analyzed with SDS-PAGE. The 

produced 36 kDa protein after 2 and 4 hr of the induction 
are indicated with corresponding arrows in Figure 3.

Purification of pET32a- mutant streptavidin
SDS-PAGE was used to analyze the quality of the purified 

protein. Because of the 6Histag sequence in the amino acid 
end of the recombinant mutant streptavidin it was purified 
using the Ni-NTA kit (Figure 4).

Urea assay test
Due to the antibacterial properties of urea which can 

interfere with the results of in vitro tests, the absence of urea 
in the purified refolded product was confirmed by standard 
methods.

Refolding, binding affinity, and structure of the 
recombinant streptavidin

In this experiment, the OD of the protein of PBS buffers 
containing arginine, arginine-HCL, and proline was 
reduced, and the highest reduction of the OD belonged 
to the protein of PBS buffer containing arginine. The OD 
reduction of the protein was negligible in PBS buffer without 
the amino acid and presence of glycine and its activity was 
lower than standard protein (Table 2; Figure 5). 
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Figure 2. The results of digestion for mutant streptavidin gene
M: DNA ladder (100 bp ladder); 1: digestion reaction
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Figure 3. Expression of the recombinant streptavidin was analyzed 
by SDS-PAGE. M, protein marker (10 to 70 kDa protein ladder). Lane 
1 and 6, the pET32a-strep before induction; Lane 2, 3, 4, and 5, the 
pET32a-strep after induction
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Figure 4. SDS-PAGE analysis of purification of mutant streptavidin 
recombinant protein
Lane 1: Protein marker; Lane 2, 3, 4, 5: fusion protein retrieved by 
nickel affinity chromatography
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The results of dialysis of the mutant streptavidin in borate 
buffer in the presence of arginine showed borate buffer is a 
good buffer for the recombinant streptavidin dialysis, as its 
molar ratio of biotin to protein was only slightly less than 
that of the standard protein. However, the borate buffer did 
not perform well singly. The borate buffer function without 
amino acid was better than the PBS buffer function without 
amino acid.

The dialysis of the recombinant mutant streptavidin 
was performed in HEPES, Tris HCl, and MOPS buffers in 
the presence of arginine. Tris HCl and MOPS buffers were 
found to be more effective and led to a higher reduction in 
the OD so that their molar ratio of biotin to protein was 
more than that of the standard protein. The HEPES buffer, 
however, acted like PBS. Another dialysis was performed 
in Tris HCl buffer in the presence of NaCl (0.5 M), Triton 
X100 (0.5%), EDTA (5 mM), and arginine, but no effects 
were observed on the refolding and function of the protein. 
According to these results, the best condition of dialysis was 
PBS buffer+arginine (Table 2; Figure 5).

Optimization of protein concentration to improve dialysis 
with arginine amino acid

All of the dialyzes showed reduced OD. At 0.4 mg/
ml concentration and time (24 hr)  higher molar ratio of 
biotin to protein compared with standard protein were 
observed. Also, this ratio in concentrations of 0.3 and 0.4 
mg/ml during 48 hr had less difference than the standard 
protein. However, the most difference was observed in 
concentrations of 0.1, 0.2, and 0.5 mg/ml in 48 hr (Tables 3 
and 4 and Figures 6 and 7).

 
Investigation of the structure of mutant streptavidin

The results showed that monomer structures were 
retained in all cases of the recombinant mutant streptavidin. 
(Figure 8).

To compare the structural changes between wild-type and 
mutant recombinant streptavidin 

The mutant streptavidin maintained the monomer 
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Figure 5. Comparison of OD1 and OD2 and the molar ratio of biotin/ 
standard protein and dialysis samples in buffers. Figure A including= 
PBS, PBS+Glycine, PBS+Proline, PBS+Arginine -HCL+Standard protein. 
Figure B incloding=Borate, Borate+Arginine, Borate+Proline, Borate+ 
Proline+Standard protein. Figure C incloding=Tris HCl+Arginine, 
MOPS+Arginine and HEPES+Arginine and Tris-HCl 
* in presence of NaCl (0.5 M), Triton X100 (0.5%), EDTA (5 mM) and 
Arginine+Standard protein

Table 2. Results of reading the optical density of the dialysis samples 
in PBS, borate, HEPES, MOPS, and Tris HCl buffers in presence of 
amino acids after 24 hr

Table 3. Results of reading the optical density of the dialysis 
streptavidin at PBS buffer in the presence of arginine  0.1 M at different 
concentrations of the protein during 24 and 48 hr

* Indicates the concentration of the protein (mg/ml)

Table 4. Results of reading the optical density of standard streptavidin 
at the 0.1-0.5 mg/ml concentrations of the protein
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Figure 6. Comparison of the molar ratio of biotin to the protein of the 
dialysis streptavidin in PBS buffer, in presence of arginine and at 0.1-
0.5 mg/ml concentrations of the protein during 24 hr. The molar ratio 
of biotin to the protein of 0.4 mg/ml concentration was more than that 
of standard streptavidin
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state in the presence and absence of biotin. In both cases, 
it formed a band in the region of 36 kDa. However, 
standard streptavidin formed a monomeric structure in the 
absence of biotin and the presence of biotin, it became an 
aggregation of subunits and formed a band in the region of 
55 kDa (Figure 9).

Discussion
Streptavidin has great applications in molecular sciences 

Because of its high biotin-binding affinity. Despite the high 
binding affinity of streptavidin tetramer, this form interferes 
with some assays. The large size of the tetramer form of 
streptavidin also limits its use as a sequence. As a result, 
the applications of this protein are limited. Efforts have 
therefore been made to improve the uses of streptavidin by 
designing monomeric variations (11). Although the studies 
conducted on the synthesis of the monomeric form, the 
produced forms through substitution mutations have shown 
a low binding affinity compared with the affinity observed 
for wide protein, and also their stability and solubility have 
been limited (12).

The substitution mutations used in previous studies 
have identified the reaction of tryptophan 120 with 
biotin in the adjacent subunit as one of the most effective 
factors contributing to the high biotin-binding affinity in 
streptavidin, as well as this reaction’s effects on the tetramer 
formation (13). This study is the first effort in removing 
the tryptophan 120 residue from the full sequence of the 
streptavidin gene and examining the effect of this mutation 
on the formation of the tetramer, the biotin-binding affinity, 
and also to correct refolding of the protein.

In this report, the mutant streptavidin gene sequence was 
successfully expressed in E. coli. The recombinant protein 
with high purity was obtained through nickel affinity 
chromatography. The results of the biotin-binding affinity 
of the dialyzed streptavidin confirmed that removal of 
tryptophan 120 produced a monomeric form of streptavidin 
and that the molar ratio of biotin to mutant streptavidin 
protein was higher than standard streptavidin in some 
dialysis conditions. 

Dialysis in PBs buffer alone had no effect on the refolding 
of the mutant streptavidin, but a more effective refolding was 
achieved in the presence of proper additives. Also, MOPS,  
Tris HCl, and borate buffers performed better than PBS 
buffer. It is noteworthy, that OD reduced more significantly 
in Borate buffer without amino acid compared with PBS 
buffer without amino acid, which may have been due to the 
pH of the borate buffer (pH=9). However, HEPES showed 
the same performance as PBS.

Arginine, arginine monohydrochloride, proline, and 
glycine along with NaCl (0.5 M), Triton X100 (0.5%), and 
EDTA (5 mM) compounds were used to facilitate refolding 
and reduce accumulations (14). Amino acids arginine and 
arginine-Hcl were effective additives for the refolding of 
recombinant streptavidin, but the best additive was arginine 
because it helped refolding at high protein concentrations. 
A mixture of arginine, EDTA, Triton X100, and NaCl was 
found to be ineffective in improving protein refolding. 
Arginine reacts with the side chain of most amino acids and 
the interaction between the arginine guanidinium group, 
and the tryptophan side chain is probably responsible for 
inhibiting protein accumulation (15). Given the isoelectric 
point of 4.6 for the mutant streptavidin, in this study, an 
alkaline pH was deemed suitable for the refolding and the 
gained results confirmed this deduction (16, 17).

In former studies using substitution mutations, the 
mutant streptavidin forms W120F (18, 19) and W120A/F 
(20, 21) were produced whose biotin-binding affinity 
was significantly reduced and no structural changes 
were observed. In another study, the monomeric form of 
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Figure 7. Comparison of the molar ratio of biotin to the protein of the 
dialysis streptavidin in PBS buffer, in presence of arginine and at 0.1-
0.5 mg/ml concentrations of the protein during 48 hr 
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Figure 8. The monomer structure of the mutant streptavidin. M: 
Protein markers (10 to 70 kDa Protein Ladder), bands 1, 2, 3, and 4 of 
the samples analyzed in the absence of biotin, which were dialyzed in 
PBS, Borate, Tris HCl and MOPS buffers, respectively. Bands 5, 6, 7, and 
8 of the samples were analyzed in the presence of biotin and dialyzed 
in PBS, Borate, Tris HCl, and MOPS buffers, respectively
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Figure 9. After dialyzing, wild-type and mutant recombinant 
streptavidin were analyzed on SDS-PAGE gel in the presence and 
absence of biotin. A: M, protein marker. Lane 1 and 2: mutant 
recombinant streptavidin in the presence and absence of biotin. B: M, 
protein marker. Lane 1: Recombinant streptavidin in absence of biotin. 
Lane 2: wt recombinant streptavidin in the presence of biotin
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streptavidin was produced in the presence and absence 
of biotin by creating substitution mutations of T90A and 
D128A, in which T90 and D128 have a key role in the 
streptavidin-biotin interaction, maintaining the structure 
of the subunits and their interactions. So due to the lack 
of hydrogen bonds between biotin and T90 and D128, the 
biotin-binding affinity of this form was reduced by 1.3×10-
8 M (22, 23). In another study, a monomeric form was 
produced by creating electrostatic repulsion as well as a 
spatial barrier that showed a reduced biotin-binding affinity 
(24, 25).

The obtained results showed that the deletion of 
tryptophan 120 prevented the formation of tetrameric form, 
and monomeric streptavidin was formed. According to the 
assay used in this study, the present findings also showed 
that by changing dialysis conditions, a higher biotin-binding 
affinity was reached compared with standard streptavidin.

In this study despite the deletion mutation, not only 
the biotin-binding affinity was still observed but also the 
recombinant mutant streptavidin maintained its monomeric 
form in all dialysis conditions in both the presence and 
absence of biotin.

It is therefore necessary to conduct further studies on 
this mutation. Overall, considering the mutations that cause 
the inactive streptavidins, the biotin-binding affinity is still 
observed in the macro range, which suggests very high 
compatibility in the binding region.

Conclusion
According to these findings, removing the tryptophan 

120 alone could create the monomer form in both the 
presence and absence of biotin. In the dialysis conditions 
and based on the assessment method used in this study the 
binding affinity of this mutant protein was higher than that of 
standard streptavidin, which suggests the high compatibility 
of the biotin-binding region of streptavidin. As for protein 
refolding through dialysis the findings showed, in addition 
to the additives used, the type of buffer and the initial 
concentration of the protein affect the refolding process. 
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