
Fluores cent bio-ink production: 
Enc apsulation and imobil ization aproaches  

RSFMs biologic al ly fus e d to tags  th at i mprove  th e i r  bi ndi ng to s i l i c a 

were als o us ed

Textile functionalization: 
Padding

S U STAINABLE IDENTIT Y 

THROUGH SWITCHABLE 

FLUORESCENCE :  SMART 

TEXTILES WITH REVERSIBLY 

FLUORESCENT AND 

PHOTOCONTROLABLE 

BIO-INKS

Ana Barros1,  David Ramada1,  Verónic a B ouç a1,  Juliana Oliveira 1,  Ana I.  Freitas2,  Lucília Domingues2,  Tatiana 
Q. Aguiar2��

1 CeNTI - Centre for Nanotechnology and Smart Materials, Rua Fernando Mesquita, 2785, 4760-034 Vila Nova de Famalicão, Portugal�

2 CEB - Centre of Biological Engineering, University of Minho, 4710-057 Braga, Portugal

�����������������������������

C o l o u r - c h a n g i n g  m a t e r i a l s  w i t h  c o n -

t r o l l a b l e  p r o p e r t i e s  o b t a i n e d  b y  l o w  

c o s t  a n d  b i o t e c h n o l o g i c a l  m e a n s  a r e  

h i g h l y  d e s i r a b l e  f o r  s m a r t  i n n o v a t i v e  

p r o d u c t s  a n d  a p p l i c a t i o n s  s u c h  a s  

a n t i - c o u n t e r f e i t i n g  a n d  s e c u r i t y  

p r i n t i n g .  P r o t e i n - b a s e d  n a n o t e c h n o -

l o g y  i s  a n  e v e r - g r o w i n g  r e s e a r c h  

f i e l d  d u e  t o  t h e  v e r s a t i l i t y  a n d  a d a p -

t a b i l i t y  o f  t h e s e  b i o m o l e c u l e  b u i l d i n g  

b l o c k s  a n d  t h e  i n n o v a t i v e  f u n c t i o n a -

l i t i e s  a n d  a p p l i c a t i o n s  t h a t  c a n  b e  

a c h i e v e d .  [ 1 , 2 ]  T h i s  w o r k  e x p l o r e s  

t h e  d e v e l o p m e n t  o f  a  n e w  g e n e r a t i o n  

o f  e c o - s u s t a i n a b l e  i n k s  t h a t  t a k e  a d -

v a n t a g e  o f  t h e  u n i q u e  o p t i c a l  p r o p e r -

t i e s  o f  s e l e c t e d  r e v e r s i b l y  s w i t c h a b -

l e  f l u o r e s c e n t  m o l e c u l e s  ( R S F M s )  f o r  

t h e  f a b r i c a t i o n  o f  i n n o v a t i v e  t e x t i l e s  

w i t h  p h o t o c o n t r o l a b l e  a n d  p h o t o s w i -

t c h i n g  f l u o r e s c e n t  p r o p e r t i e s .  
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RSFMs were successfully entrapped into 

silica matrices, via non-covalent and 

covalent entrapment strategies, 

maintaining the original fluorescence and 

photoswitching properties. Covalent 

entrapment led, in general, to better yields 

than non-covalent approaches. Textile 

functionalization tests with non-entrapped 

RSFMs and RSFMs biologically fused to 

cellulose-binding tag showed good 

fluorescence, but poor fastness to washing. 

Textile functionalization tests with 

entrapped RSFMs inks showed acceptable 

fluorescence, but better fastness to 

washing.
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This work was developed in the framework of EcoBioInks4SMart-
Textiles project (refs. POCI-01-0145-FEDER-030298 and PTD-
C/CTM-TEX/30298/2017), co-financed by the European Regio-
nal Development Fund (ERDF), through the Operational Program-
me for Competitiveness and Internationalization (COMPETE 
2020), under Portugal 2020, and by national funds through FCT - 
Fundação para a Ciência e a Tecnologia, I.P..
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Optimization of eco-sustainable biotechnological 

processes for the production and purification of 

fluorescent biomolecules. 

Nanoencapsulation of fluorescent biomolecules 

into biocompatible matrices to obtain inks 

compatible with textile processing. 

Manufacture and characterization of innovative 

textiles through the application of fluorescent 

inks via conventional processes of textile 

functionalization.
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R S FM

~50 % yield

In situ  enc apsulation Surface imobilization

Non-covalent Covalent -  APTS Imobil ization 
MSNPs

Imobil ization 
MSNPs + shel l

~100 % yield  ~40- 80% yield

S i O 2

Cotton texti le

Padding bath

Bioink with entrap.  
RSFM

Squeezing rolls
Thermal cure

Functionalized 
cotton texti le

Fast ph otocontrol lable  reve rs i ble  swi tch  bet ween fluo res cent and 

non-fluore s ce nt state s

Fluores cence characterization of functionalized 
cotton textiles : 
Optic al  micros copy
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cel lulos e tag
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shel l

Imob.RSFM 

fus ed to SiO2 

tag + shel l

Fluores cence characterization of NPs : 
Confoc al  micros copy

Characterization of photo-switch behaviour : 
Developed dev ice 

Control SiO2 After 1 month After 2 months

50x 50x 50x

50x 50x 50x

50x 50x 50x

100x 100x 100x

100x 100x 100x

100x 100x 100x

UNIÃO EUROPEIA

Fundo Europeu
de Desenvolvimento Regional


