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HELP (Human Elastin-like Polypeptide), a synthetic polypeptide based 
on the VAPGVG hexapeptidic motif that is found in the human elastin 
repetition domains, shows very interesting chemical-physical properties 
in solution and in particular it has the peculiar thermal behavior defined 
as the reverse phase transition: 
 
• at temperatures below the transition temperature (Tt), the biopolymer 

is soluble in aqueous solutions where the free chains of HELP exist in a 
disordered and completely hydrated state.  
 

• at temperatures above Tt, these chains show a more orderly structure 
(ß-spiral) stabilized by intramolecular hydrophobic interactions that 
favor their association and the formation of an amorphous solid phase. 

 
 

 
 



HELP 
HELP  

MW 44885.7  536 aa, Theoretical pI: 11.68 
 

 

MRGSHHHHHHGSAAAAAAAAKAAAKAAQFGLVPGVGVAPGVGVAPGVGVAPGVGLAPGVGVAPGV

GVAPGVGVAPGIAPAAAAAAKAAAKAAQFGLVPGVGVAPGVGVAPGVGVAPGVGLAPGVGVAPGV

GVAPGVGVAPGIAPAAAAAAKAAAKAAQFGLVPGVGVAPGVGVAPGVGVAPGVGLAPGVGVAPGV

GVAPGVGVAPGIAPAAAAAAKAAAKAAQFGLVPGVGVAPGVGVAPGVGVAPGVGLAPGVGVAPGV

GVAPGVGVAPGIAPAAAAAAKAAAKAAQFGLVPGVGVAPGVGVAPGVGVAPGVGLAPGVGVAPGV

GVAPGVGVAPGIAPAAAAAAKAAAKAAQFGLVPGVGVAPGVGVAPGVGVAPGVGLAPGVGVAPGV

GVAPGVGVAPGIAPAAAAAAKAAAKAAQFGLVPGVGVAPGVGVAPGVGVAPGVGLAPGVGVAPGV

GVAPGVGVAPGIAPAAAAAAKAAAKAAQFGLVPGVGVAPGVGVAPGVGVAPGVGLAPGVGVAPGV

GVAPGVGVAPGIAPGV 

Total number of negatively charged residues (Asp + Glu): 0 
Total number of positively charged residues (Arg + Lys): 17 



HELP GOR-IV 



In 2013, a new protein, called UnaG, was identified and isolated from 
the muscle of the Japanese eel (Anguilla japonica)  

(N.B. è la prima proteina fluorescente derivata dai vertebrati).  
 
This free-fatty acid binding protein binds unconjugated bilirubin (Br) in 
a highly specific and selective way, emitting strong fluorescence 
(Kumagai et al., 2013).  
 
The UnaG gene was been cloned to the C-terminal of the gene encoding 
the HELP polypeptide obtaining a new functionalized synthetic 
polypeptide called HUG, an acronym that indicates HELP-UnaG 
sequence.  
 
HUG (HELP-UnaG) was been produced from a synthetic gene of the 
HELP polypeptide fused with the 139 amino acids coding sequence of 
the UnaG bilirubin‐binding protein 
 
Its molecular property appears highly interesting because unconjugated 
bilirubin (indirect bilirubin) is hardly measured with traditional 
colorimetric assay.  
 
 
  



HUG 
A bi-functional, synthetic protein 

HUG is composed of a bilirubin-binding domain (UnaG) 
fused with a scaffold (HELP) 

6 

HUG is the acronym of HELP-UnaG 



HUG 

HELP-UnaG (clon. /10/2014) Number of amino acids: 675, Molecular weight: 
60406.47, Theoretical pI: 9.88 

MRGSHHHHHHGSAAAAAAAAKAAAKAAQFGLVPGVGVAPGVGVAPGVGVAPGVGLAPGVGVAPGVGVAP

GVGVAPGIAPAAAAAAKAAAKAAQFGLVPGVGVAPGVGVAPGVGVAPGVGLAPGVGVAPGVGVAPGVGV

APGIAPAAAAAAKAAAKAAQFGLVPGVGVAPGVGVAPGVGVAPGVGLAPGVGVAPGVGVAPGVGVAPGI

APAAAAAAKAAAKAAQFGLVPGVGVAPGVGVAPGVGVAPGVGLAPGVGVAPGVGVAPGVGVAPGIAPAA

AAAAKAAAKAAQFGLVPGVGVAPGVGVAPGVGVAPGVGLAPGVGVAPGVGVAPGVGVAPGIAPAAAAAA

KAAAKAAQFGLVPGVGVAPGVGVAPGVGVAPGVGLAPGVGVAPGVGVAPGVGVAPGIAPAAAAAAKAAA

KAAQFGLVPGVGVAPGVGVAPGVGVAPGVGLAPGVGVAPGVGVAPGVGVAPGIAPAAAAAAKAAAKAAQ

FGLVPGVGVAPGVGVAPGVGVAPGVGLAPGVGVAPGVGVAPGVGVAPGIAP 

GGMVEKFVGTWKIADSHNFGEYLKAIGAPKELSDGGDATTPTLYISQKDGDKMTVKIENGPPTFLDTQV

KFKLGEEFDEFPSDRRKGVKSVVNLVGEKLVYVQKWDGKETTYVREIKDGKLVVTLTMGDVVAVRSYRR

ATE 





UNAG 





The biosensor HUG for the quantitative analysis of unconjugated 
bilirubin was developed in our laboratory (Dr. Antonella Bandiera 
and co-workers): 
 
This new fusion protein preserves: 
 
1) the reverse phase transition property of HELP 

 
2) the highly specific capacity of UnaG to bind bilirubin and to 

become fluorescent.  



The reverse thermal transition of HUG 

HUG 19-11-19 DB 2mg/mL in Tris 10mM pH 8 



CHARACTERIZATION OF HUG 

•Molecular mechanics and dynamic 

simulation 

•Circular Dichroism (CD) 

•Differential Scanning Calorimetry 

(DSC) 

•Potentiometric titration of HUG and 

HELP 

The physical and chemical characterization of the new 
fluorescent biosensor HUG. This step is very important for 
optimization of liquid assay of free bilirubin in biological 
samples 



CD is an excellent tool for rapid determination of the secondary structure and 
folding properties of proteins that have been obtained using recombinant 
techniques. The most widely used applications of protein CD are to determine 
whether an expressed protein is folded. In addition, it can be used to study 
protein-ligand interactions.  
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DSC SETARAM 

The DSC approach employs a reference cell and a sample cell heated at a controlled 
rate.  It can detect some of transitions such as melts, glass transitions, phase 
changes.  
 
Calorimetric methods demonstrate an advantage over other methods in their ability 
to provide a relatively full picture of thermodynamic parameters during binding 
reactions, including the equilibrium binding constants, the enthalpy of binding 
reactions (ΔH)and the entropy change (ΔS). 



Potentiometric titration of HUG and HELP 

∆𝐺0 = 2.303𝑅𝑇 𝑝𝐾𝑎 𝛼  
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Figure 1. I-TASSER minimized structure of HUG fragment 

Figure 2. I-TASSER simulation of secondary structure of a) HUG (274 a.a.) and b) UnaG (141) 

fragments. C=coil, H=α-helix, S=β-strand 

Molecular Mechanics 



La bilirubina (dal latino bilis = bile e ruber = rosso) è un pigmento di 
colore rosso-arancione che deriva per l’80% dal catabolismo dell’eme 
dell’emoglobina (Hb) e per il restante 20% da altre emoproteine, 
come le mioglobine e i citocromi.  
 
La bilirubina si ottiene dal processo di degradazione della 
ferroporfirina, o gruppo eme, dell’emoglobina, rilasciata durante la 
distruzione dei globuli rossi, o eritrociti, nella milza. 

il metabolismo della 
bilirubina non coniugata 
avviene a livello epatico, 
dopo essere stata 
trasportata nel sangue da 
una proteina di trasporto, 
l’albumina, in virtù della 
sua insolubilità in acqua 
(liposolubilità); 



BILIRUBIN 





BR stability 

pH 
7.4 

Temperature  
-20°C 
4°C 

Solvent 
DMSO 
PBSD 

Time 
0 min 
120 min 
mesi 

Stock solution of BR is prepared in 100% DMSO and it is stored up to -20°C. Stability 
assay was done on working bilirubin solution (BR 10µM in PBS + 0.3%DMSO). This 
mother solution is used to prepare the standard solutions. 
 
NB  “To prevent the denaturation of UnaG, the final concentrations of DMSO were at 
most 0.2% (vol/vol) in all experiments.” Shitashima 2017 

we assessed the bilirubin stability at given experimental conditions: 



BR is stable when the solution is stored at -20°C 
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Working solution  (PBSD pH 7.4) is not stable if it is stored at -20°C 
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BR stability is influenced by surface effects (plastic or quartz cuvettes) 
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HUG 
a bifunctional protein 

XX/06/2021 Fluorometric assay 27 

HELP (Human Elastin-Like 
Polypeptide) 

UnaG 

Kwon et al. (2020)  
Bandiera et al. (2014) 

heating 

cooling 

HELP has the property of inverse temperature transition 

http://z.about.com/d/graphicssoft/1/0/E/N/1/snow_flake_2.png


Binding of bilirubin to HUG protein 

The Br-HUG interaction was studied by mean of the fluorescence 
titration technique assessing the intensity enhancement during ligand 
addition  

𝐻𝑈𝐺 

𝐵𝑟 + 𝐴𝑙𝑏 ⇋ 𝐵𝑟 − 𝐴𝑙𝑏  

⇋
 

𝐵𝑟 − 𝐻𝑈𝐺  

+ 

Ka=1/KD 

KA
a 

fluorescence 

HUG               BR•HUG 



For each fluorescence value (F), the fractional enhancement (Y) was 
computed by the equation: 

𝑌 =
𝐹

𝐹0
 

where Y is the fractional saturation related to the extent of binding 
and F0 the fluorescence intensity at the Br/HUG ratio greater than 1 
(the asymptotic value).  
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Equation
y =Fm*x/( x + Kd
)

Reduced 
Chi-Sqr

5.81452E6

Adj. R-Square 0.98215

Value Standard Error

B Fm 63916.01545 2708.3524

B Kd 67.56139 7.26212



𝐾𝐷 =
𝐻𝑈𝐺 𝐵𝑟

𝐵𝑟 − 𝐻𝑈𝐺
  





The plot of F=F0Y versus LT = [Br] is shown in Figure where average 
values of all the results obtained by several experiments are reported.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
By nonlinear least-squares fitting of the hyperbolic curve the best 
evaluation of equilibrium dissociation constant (KD=2.33 nM) and of 
the maximal fluorescence value of the ligand-bound protein 
(F0=56300) was obtained  
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𝐻𝑈𝐺 

𝐵𝑟 + 𝐴𝑙𝑏 ⇋ 𝐵𝑟 − 𝐴𝑙𝑏  

⇋
 

𝐵𝑟 − 𝐻𝑈𝐺  

+ 

Ka=1/KD 

KA
a 

fluorescence 

Ka=1/KD = 4.3 x 108 M-1 per  Br-HUG 

KA
a=1/KD = ca 106 M-1    per  Br-Alb 

Alb=BSA 



FLUORIMETRIC ASSAY OF 
BILIRUBIN 

34 



BIOFLUORIMETRIC ASSAY OF SERUM BILIRUBIN 

• Direct analysis of indirect bilirubin by HUG 

 

 

 

 

 

 

 

35 07/01/2021 Fluorimetric assay 

2. HUG binds bilirubin in a 

sample (< 30 µL) and 

emits fluorescence 

Add sample 

4. Fluorescence is 

measured by reader 3. Samples are 

placed in 

multiwell plates 

HUG is a synthetic protein with a bilirubin-binding domain 

(UnaG) fused with Human Elastin-like Polypeptide 

HUG solution 

1 

The emission fluorescence of the 
complex was detected at λ = 528 
nm following excitation at λ = 485 
nm  



Biofluorimetric assay of bilirubin in whole blood 

36 xx/06/2021 Fluorometric assay 

punch a finger aspire 5 µL  
capillary blood 

5µL to 1 
mL PBS 
(blank) 

5µL to 1 
mL PBS + 
HUG 

spin 

1 2 1 2 

HUG + 

ADD SAMPLES   
± ENZYMES 

Fluo  sample 
direct analysis of 
BR 

GO TO 
FLUORESCENCE 

READER 

GET YOUR 
DATA 

ALLOW HUG•BR TO 
FORM, 1 h 



Versatility of the assay 

37 XX/06/2021 Fluorometric assay 

1h at 37°C  

1h at 25°C  

Clinical samples 
 
Blood 
plasma 
serum 
saliva (?) 
urine (?) 

Pre-clinical 
samples 

 
cell lysates 
tissue 
homogenates 
organ perfusions 
cell culture media * 
(interferences) 

BR Standard solutions, in  
(1) PBS-DMSO pH 7.4 and 8.5 
(2) PBS-BSA 0.4 g/L pH 7.4 and 
8.5 
(3) Hepes 
(4) Tris 
(5) Hanks 

2h at 25°C  

(1)-(3)-(4)-(5) 

(2) 

1h at 37°C  
with enzymes with enzymes 

2h at 25° 2h at 25°C  



Protocollo in via di validazione per diverse matrici: 
 
Sangue e siero 
Sangue di pesce, di ratto 
Saliva  



Future goals: 
 

1. Molecular Dynamics simulation of the single protein (HUG 
and HELP), 
 
2. Molecular Dynamics of binding process (HUG-BR), 
 
3. A thorough study of the reverse thermal transition of HUG 
in comparison to HELP (which is a critical property for a 
future upscale of biopolymer production),  
 
4. Bilirubin assay on several samples (fish, patient blood, 
sperm). 







Preliminary tests on saliva 

Test with 10 uL of HUG and 150 uL of saliva 

 

0

500

1000

1500

2000

2500

PS cotton PS synthetic PS AB

40 min

ATTENZIONE: non e’ stata considerata la fluorescenza spontanea della saliva!!! 


