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Figure S1. Assortment of functional proteins evaluated in this study for the formation of 
protein particles. Proteins with distinct functionalities, namely fluorescence, catalysis and 
binding, were obtained from different sources (green-bacteria, cyan-fungi, purple-animalia): 
eGFP-enhanced green fluorescent protein, Tyr-Tyrosinase, ATA-Aminotransaminase, 
TmCA-microbial carbonic anhydrase, BCA-Bovine carbonic anhydrase, Cut-Cutinase and 
GST- Glutathione-S-transferase. Proteins within red circle have dimeric conformation and 
other proteins have monomeric conformation. 
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Figure S2. Particle size distributions for wild-type proteins under the assembly conditions 
used for formation of protein-peptide particles using dynamic light scattering. A) WT-
Tyrosinase. B) WT-TmCA – thermostable carbonic anhydrase. C)WT-Aminotransaminase. 
D)WT-Cutinase. E) WT-eGFP. Black lines - absence of stimuli, Red lines- stimuli condition 
used for particle formation with the corresponding protein-peptide module.  
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Table S1. Functions and properties of protein candidates 

 BCA TmCA Tyr Cut ATA GST eGFP 

Full names 
bovine carbonic 

anhydrase 

thermostable 
carbonic 
anhydrase 

tyrosinase cutinase 
ω-amino 

transferase 

glutathione 
S-

transferase 

enhanced 
green 

fluorescent 
protein 

Functions Biocatalytic Biocatalytic Biocatalytic Biocatalytic Biocatalytic  Binding* Fluorescent 

Enzyme class Lyases Lyases Oxidoreductase 
Serine 
Esterase 

Transferase Transferase N.A 

Protein data 
bank ID 

1V9E 4XZ5 4HD6 1AGY 4CE5 1UA5 4XOW 

Source 
organism 

Mammalia/Bos 
taurus 

Bacteria/ 
Thiomicrospira 
crunogena 
 

Bacteria/ 
Bacillus 
megaterium 
 

Fungi / 
Fusarium 
solani 
 

Fungi / 
Aspergillus 

terreus 
 

Trematoda/ 
Schistosoma 
japonicum 

Hydrozoa/ 
Aequorea 
victoria 

Global 
Symmetry 

Monomer Homo 2-mer Monomer Monomer Homo 2-mer Homo 2-mer Monomer 

Active site  
Metal ion 
 

Zn Zn Cu None 

None; co-
factor 

dependant 
Pyridoxal-5’-

phosphate 
(PLP) 

N.A N.A 

Disulphide 
bonds 

0 1  0 2  0 0 0 

Reference Ref [1] Ref [2] Ref [3] Ref [4] Ref [5] Ref [6] Ref [7] 

 
* The strong binding ability of GST with its substrate, glutathione (GSH), makes it one of the 

most used binders in affinity chromatography. 
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Table S2. Peptide candidates and their properties  

*  calculated using Expasy Protparam tool, GRAVY: Grand average of hydropathicity 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Peptide 
name 

Amino acid Sequence pI* 
Charge at 

pH 7* 
GRAVY Reference 

P114 N-QQRFEWEFEQQ-C 4.14 -2.1 -2.209 ref[8] 

Q11 N-QQKFQFQFEQQ-C 6.25 -0.1 -1.818 ref[4] 

Pep-H N-WFRFEWEFEFW-C 4.14 -2.1 -0.591 This study 
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Table S3. Amino acid sequences of Protein-Peptide fusion constructs 

Construct 
Name 

Amino acid Sequence* 

BCA-P114 

GMSHHWGYGKHNGPEHWHKDFPIANGERQSPVDIDTKAVVQDP
ALKPLALVYGEATSRRMVNNGHSFNVEYDDSQDKAVLKDGPLT
GTYRLVQFHFHWGSSDDQGSEHTVDRKKYAAELHLVHWNTKYG
DFGTAAQQPDGLAVVGVFLKVGDANPALQKVLDALDSIKTKGKS
TDFPNFDPGSLLPNVLDYWTYPGSLTTPPLLESVTWIVLKEPISVSS
QQMLKFRTLNFNAEGEPELLMLANWRPAQPLKNRQVRGFPKGG
GGSGGGGSQQRFEWEFEQQ 

BCA-Q11 

GMSHHWGYGKHNGPEHWHKDFPIANGERQSPVDIDTKAVVQDP
ALKPLALVYGEATSRRMVNNGHSFNVEYDDSQDKAVLKDGPLT
GTYRLVQFHFHWGSSDDQGSEHTVDRKKYAAELHLVHWNTKYG
DFGTAAQQPDGLAVVGVFLKVGDANPALQKVLDALDSIKTKGKS
TDFPNFDPGSLLPNVLDYWTYPGSLTTPPLLESVTWIVLKEPISVSS
QQMLKFRTLNFNAEGEPELLMLANWRPAQPLKNRQVRGFPKGG
GGSGGGGSQQKFQFQFEQQ 

BCA-Pep-H 

GMSHHWGYGKHNGPEHWHKDFPIANGERQSPVDIDTKAVVQDP
ALKPLALVYGEATSRRMVNNGHSFNVEYDDSQDKAVLKDGPLT
GTYRLVQFHFHWGSSDDQGSEHTVDRKKYAAELHLVHWNTKYG
DFGTAAQQPDGLAVVGVFLKVGDANPALQKVLDALDSIKTKGKS
TDFPNFDPGSLLPNVLDYWTYPGSLTTPPLLESVTWIVLKEPISVSS
QQMLKFRTLNFNAEGEPELLMLANWRPAQPLKNRQVRGFPKGG
GGSGGGGSWFRFEWEFEFW 

TmCA-P114 

MGSSHHHHHHSSGLVPRGSHMANNVAAPLIDLGAEAKKQAQKS
AATQSAVPEKESATKVAEKQKEPEEKAKPEPKKPPHWGYFGEEG
PQYWGELAPEFSTCKTGKNQSPINLKPQTAVGTTSLPGFDVYYRE
TALKLINNGHTLQVNIPLGSYIKINGHRYELLQYHFHTPSEHQRDG
FNYPMEMHLVHKDGDGNLAVIAILFQEGEENETLAKLMSFLPQTL
KKQEIHESVKIHPAKFFPADKKFYKYSGSLTTPPCSEGVYWMVFK
QPIQASVTQLEKMHEYLGSNARPVQRQNARTLLKSWPDRNRANT
VYEFYGGGGSGGGGSQQRFEWEFEQQ 

Tyr-P114 

MGSSHHHHHHSSGLVPRGSHMSNKYRVRKNVLHLTDTEKRDFV
RTVLILKEKGIYDRYIAWHGAAGKFHTPPGSDRNAAHMSSAFLPW
HREYLLRFERDLQSINPEVTLPYWEWETDAQMQDPSQSQIWSADF
MGGNGNPIKDFIVDTGPFAAGRWTTIDEQGNPSGGLKRNFGATKE
APTLPTRDDVLNALKITQYDTPPWDMTSQNSFRNQLEGFINGPQL
HNRVHRWVGGQMGVGPTAPNDPVFFLHHANVDRIWAVWQIIHR
NQNYQPMKNGPFGQNFRDPMYPWNTTPEDVMNHRKLGYVYDIE
LRKSKRSSGGGGSGGGGSQQRFEWEFEQQ 
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Cut-P114 

MGSSHHHHHHSSGLVPRGSHMLPTSNPAQELEARQLGRTTRDDLI
NGNSASCADVIFIYARGSTETGNLGTLGPSIASNLESAFGKDGVWI
QGVGGAYRATLGDNALPRGTSSAAIREMLGLFQQANTKCPDATLI
AGGYSQGAALAAASIEDLDSAIRDKIAGTVLFGYTKNLQNRGRIP
NYPADRTKVFCNTGDLVCTGSLIVAAPHLAYGPDARGPAPEFLIE
KVRAVRGSAGGGGSGGGGSQQRFEWEFEQQ 

 
 
 

ATA-P114 

MGSSHHHHHHSSGLVPRGSHMASMDKVFAGYAARQAILESTETT
NPFAKGIAWVEGELVPLAEARIPLLDQGFMHSDLTYDVPSVWDG
RFFRLDDHITRLEASCTKLRLRLPLPRDQVKQILVEMVAKSGIRDA
FVELIVTRGLKGVRGTRPEDIVNNLYMFVQPYVWVMEPDMQRVG
GSAVVARTVRRVPPGAIDPTVKNLQWGDLVRGMFEAADRGATY
PFLTDGDAHLTEGSGFNIVLVKDGVLYTPDRGVLQGVTRKSVINA
AEAFGIEVRVEFVPVELAYRCDEIFMCTTAGGIMPITTLDGMPVNG
GQIGPITKKIWDGYWAMHYDAAYSFEIDYNERNGGGGSGGGGSQ
QRFEWEFEQQ 

eGFP-P114 

MGHHHHHHTDPMVSKGEELFTGVVPILVELDGDVNGHKFSVSGE
GEGDATYGKLTLKFICTTGKLPVPWPTLVTTLAYGVLCFSRYPDH
MKQHDFFKSAMPEGYVQERTIFFKDDGNYKTRAEVKFEGDTLVN
RIELKGIDFKEDGNILGHKLEYNYNSHNVYIMADKQKNGIKSNFKI
RHNIEDGSVQLADHYQQNTPIGDGPVLLPDNHYLSTQSKLSKDPN
EKRDHMVLLEFVTAAGITLGMDELYKGGGGSGGGGSQQRFEWEF
EQQ 

eGFP-Pep-H 

MGHHHHHHTDPMVSKGEELFTGVVPILVELDGDVNGHKFSVSGE
GEGDATYGKLTLKFICTTGKLPVPWPTLVTTLAYGVLCFSRYPDH
MKQHDFFKSAMPEGYVQERTIFFKDDGNYKTRAEVKFEGDTLVN
RIELKGIDFKEDGNILGHKLEYNYNSHNVYIMADKQKNGIKSNFKI
RHNIEDGSVQLADHYQQNTPIGDGPVLLPDNHYLSTQSKLSKDPN
EKRDHMVLLEFVTAAGITLGMDELYKGGGGSGGGGSWFRFEWE
FEFW 

GST-P114 

MGSSHHHHHHSSGLVPRGSHMSPILGYWKIKGLVQPTRLLLEYLE
EKYEEHLYERDEGDKWRNKKFELGLEFPNLPYYIDGDVKLTQSM
AIIRYIADKHNMLGGCPKERAEISMLEGAVLDIRYGVSRIAYSKDF
ETLKVDFLSKLPEMLKMFEDRLCHKTYLNGDHVTHPDFMLYDAL
DVVLYMDPMCLDAFPKLVCFKKRIEAIPQIDKYLKSSKYIAWPLQ
GWQATFGGGDHPPKGGGGSGGGGSQQRFEWEFEQQ 

GST-Q11 

MGSSHHHHHHSSGLVPRGSHMSPILGYWKIKGLVQPTRLLLEYLE
EKYEEHLYERDEGDKWRNKKFELGLEFPNLPYYIDGDVKLTQSM
AIIRYIADKHNMLGGCPKERAEISMLEGAVLDIRYGVSRIAYSKDF
ETLKVDFLSKLPEMLKMFEDRLCHKTYLNGDHVTHPDFMLYDAL
DVVLYMDPMCLDAFPKLVCFKKRIEAIPQIDKYLKSSKYIAWPLQ
GWQATFGGGDHPPKGGGGSGGGGSQQKFQFQFEQQ 
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*  green - affinity tag for purification, purple - proteinase cleavage site, blue - GS linker, and 
red - self assembly peptide. 
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Table S4. Growth and protein expression conditions* 

Condition 
Protein Candidates  

BCA TmCA Tyr Cut ATA eGFP GST 

Initial 
growth 

37ᵒC  
4hours 

37ᵒC  
 4hours 

37ᵒC  
4hours 

30ᵒC  
4hours 

37ᵒC  
4hours 

37ᵒC  
4hours 

37ᵒC 
4hours 

Induction 
method 

Auto-
Induction 

IPTG IPTG IPTG IPTG 
Auto-

Induction 
IPTG 

Inducer 
0.2%v/v 
lactose 

1mM 1mM 0.2mM 0.1mM 
0.2%v/v 
lactose 

1mM 

Protein 
expression 

20ᵒC 
16hours 

20ᵒC  
16hours 

20ᵒC  
16hours 

20ᵒC 
16hours 

25ᵒC  
16hours 

20ᵒC  
16hours 

20ᵒC  
16hours 

* The growth and protein expression procedures were protein specific and the same procedures were used to 
express both wild type proteins and their respective protein-peptide constructs irrespective of the peptide type. 
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Table S5. Buffers used for protein-peptide purification* 

Buffer  
Protein candidates 

BCA/eGFP TmCA Tyr Cut ATA GST 

Lysis 

buffer 

50 mM Tris-
HCl pH 8.0, 
50 mM NaCl, 
1 mM EDTA, 
0.5% Triton-X 
100 

50 mM Tris-
HCl pH 8.0, 
50 mM NaCl, 
1 mM EDTA, 
0.5% Triton-X 
100 

50 mM Tris-
HCl pH 8.0, 
50 mM 
NaCl, and 
0.5% Triton-
X 100 

BugBuster® 
Protein 
Extraction 
Reagent 
lysis buffer 
(Merck 
Millipore) 

50mM Tris-
HCl pH 7.5, 
50 mM 
NaCl, 1 mM 
EDTA, 0.5% 
Triton-X 100 
and 0.1mM 
co-factor 
Pyridoxal L 
phosphate-
PLP 

50 mM Tris-
HCl pH 8.0, 
50 mM 
NaCl, 1 mM 
EDTA, 0.5% 
Triton-X 100 

IMAC 

buffer A 

10 mM Tris-
HCl buffer pH 
8.0+0.5 M 
NaCl 

50 mM Tris-
HCl buffer pH 
8.0+0.5 M 
NaCl 

50 mM Tris-
HCl buffer 
pH 7.5+0.5 
M NaCl 

20 mM Tris-
HCl buffer 
pH 8.0+0.5 
M NaCl 

50 mM Tris-
HCl buffer 
pH 7.5 
containing 
0.3 M NaCl 

10 mM Tris-
HCl buffer 
pH 8.0+0.5 
M NaCl 

IMAC 

buffer B 

10 mM Tris-
HCl buffer pH 
8.0+0.5 M 
NaCl +0.2M 
imidazole 

50 mM Tris-
HCl buffer pH 
8.0+0.5 M 
NaCl +0.2M 
imidazole 

50 mM Tris-
HCl buffer 
pH 7.5+0.5 
M NaCl 
+0.2M 
imidazole 

20 mM Tris-
HCl buffer 
pH 8.0+0.5 
M NaCl 
+1M 
imidazole 

50 mM Tris-
HCl 
buffer+0.3M 
NaCl pH 
8.0+0.5M 
imidazole 

10 mM Tris-
HCl buffer 
pH 8.0+0.5 
M NaCl 
+0.2M 
imidazole 

Elution 

condition 

Gradient 
elution 0 to 
200mM 
imidazole 

Step elution 
with 100,150, 
200mM 
imidazole 

Step elution 
with 50,100, 
200mM 
imidazole 

Step elution 
with 50,500, 
1000mM 
imidazole 

Step elution 
with 100, 
200, 300, 
500mM 
imidazole 

Step elution 
with 50,100, 
200mM 
imidazole 

Desalting 

buffer 
10 mM Tris-
HCl, pH 8 

50 mM Tris-
HCl buffer pH 
8.0+0.2 M 
NaCl 

10 mM Tris-
HCl buffer 
pH 7.5 

20 mM Tris-
HCl buffer 
pH 6.5 

20 mM Tris-
HCl buffer 
pH 
7.5+0.01mM 
co-factor 
Pyridoxal L 
phosphate-
PLP 

10 mM Tris-
HCl, pH 8 

* The purification procedures used were protein specific and the same procedures were used to purify wild type 
proteins and their respective protein-peptide constructs irrespective of the peptide type. 
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Table S6. Optimal conditions for protein particle formation*  

Protein-
peptide system 

Particle forming conditions 

Protein 
Buffer 

Stimuli 
type 

Stimulus 
agent 

Incubation 
time 

Final 
Solution 
condition 

BCA-P114 

50mM Tris-HCl 
pH8.0 

pH 
5 M or 1 M 
acetic acid 

5 mins pH 6.8 

10mM Tris-HCl 
pH8.0 

metal ion 
0.5 M MgCl2 in 

10 mM Tris-
HCl pH8.0 

5 mins 5-20 mM 

BCA-Q11 
50mM Tris-HCl 

pH8.0 
pH 5 M or 1 M 

acetic acid 
5 mins pH 7.0 

BCA-Pep-H 

50mM Tris-HCl 
pH8.0 

pH 
5 M or 1 M 
acetic acid 

5 mins pH 6.8 

10mM Tris-HCl 
pH8.0 

metal ion 
0.5 M MgCl2 in 

10 mM Tris-
HCl pH8.0 

5 mins 5-20 mM 

TmCA-P114 
50mM Tris-HCl 

pH8.0+0.2M 
NaCl 

Temperature Heat 1 min 50ᵒC 

Tyr-P114 
10mM Tris-HCl 

pH7.5 
metal ion 

0.5 M MgCl2 in 
10 mM Tris-
HCl pH7.5 

2-5 mins 10 mM 

Cut-P114 
20mM Tris-HCl 

pH6.5 
pH + ionic 

strength 

5 M or 1 M 
acetic acid and 

0.5 M NaNO3 in 
10 mM Tris-
HCl pH 6.5 

2-5 mins 
pH 4.8 + 50 mM 

NaNO3 

ATA-P114 
50mM Tris-HCl 

pH8.0 
pH 

5 M or 1 M 
acetic acid 

5 mins pH 7.1 

eGFP-P114 
10mM Tris-HCl 

pH8.0 
metal ion 

0.5 M MgCl2 in 
10 mM Tris-
HCl pH 8.0 

5 mins 10 mM 

eGFP-Pep-H 
10mM Tris-HCl 

pH8.0 
metal ion 

0.5 M MgCl2 in 
10 mM Tris-
HCl pH 8.0 

5 mins 5-20 mM 

GST-P114 

50mM Tris-HCl 
pH8.0 

pH 
5 M or 1 M 
acetic acid 

5 mins pH 6.0 

10mM Tris-HCl 
pH8.0 

metal ion 
0.5 M MgCl2 in 

10 mM Tris-
HCl pH 8.0 

5 mins 5-20 mM 

GST-Q11 
50mM Tris-HCl 

pH8.0 
pH 

5 M or 1 M 
acetic acid 

5 mins pH 6.7 

* Typical protein concentration used was in the range of 0.2-0.5 mg/mL. 
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Table S7. Conditions for protein particle formation demonstrated in Fig. 2* 

Sub-
figure 

number 

Protein-peptide 
system 

Tested condition 

Protein 
buffer 

Stimulus agent 
Final Solution 

condition 

2b 
BCA-Pep-H 
eGFP-Pep-H 

10 mM Tris-
HCl pH 8.0  

No stimulus 
10 mM Tris-HCl pH 

8.0 

2c 
BCA-Pep-H 
eGFP-Pep-H 

10 mM Tris-
HCl pH8.0  

0.5 M MgCl2 in  
10 mM Tris-HCl 

pH 8.0 

10 mM Tris-HCl pH 
8.0 +10 mM MgCl2 

2d BCA-Pep-H 
50 mM Tris-
HCl pH 8.0 

5 M or  1M acetic 
acid pH 6.8 

2g 
BCA-Q11 
GST-Q11 

10 mM Tris-
HCl pH 8.0 

0.5 M MgCl2 in 10 
mM Tris-HCl pH 

8.0 

10 mM Tris-HCl pH 
8.0 +20 mM MgCl2 

2h 
BCA-Q11 50 mM Tris-HCl 

pH 8.0 
5 M or 1 M acetic 

acid 

pH 7.0 

GST-Q11 pH 6.7 

2i 

BCA-P114 
eGFP-P114 10 mM Tris-

HCl pH 8.0 

0.5 M MgCl2 in 10 
mM Tris-HCl  

pH 8.0 

10 mM Tris-HCl pH 
8.0 +10 mM MgCl2 

GST-P114 
10 mM Tris-HCl pH 
8.0 +20 mM MgCl2 

2j 
BCA-P114 50 mM Tris-HCl 

pH 8.0 
5 M or 1 M acetic 

acid 

pH 7.0 

eGFP-P114 pH 6.7 
* Protein concentration used was 0.5 mg/mL 
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