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Abstract 

Silk fibroin is fibrous proteins with excellent mechanical properties which are produced by wide group of 

animals such as Bombyx Mori. Silk fibroin with specific molecular structure can be processed into a 

diverse set of morphologies. Additionally, biotechnologically produced silk proteins will allow the 

preparation of a new generation of protein-based bio-polymeric materials with programmed properties for 

a wide variety of exciting medical applications. In this study, silk protein was extracted from Bombyx 

Mori’s cocoons and evaluated by FTIR and XRD methods. Results showed sharp amide peaks in 1655 cm-1 

and 1530 cm-1 wavelength in FTIR spectrum pattern confirming existence of fibroin. SEM images of the 

fibers showed continuous fibers with cross-section between 14 to 24 µm.  Biocompatibility tests were 

carried out through seeding osteoblasts cell line G292 on 2D film as well as fibers. Adhesion and 

proliferation of osteoblasts were investigated by MTT assay which showed no cytotoxicity. Therefore, 

fibroin appears to be remarkable material for prospect application in biomedicine. 
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5 Sericin                                                         6 fibrous protein                                                 7 macrofibrils                        8 nanofibrils                                
9  Alanine (Ala)                                                                        10  Serine (Ser)                                                                                 11 Kevlar 
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#�� @M �� �, A�B?���� . A#� /#��� ,� 
�T�#� o��V %� ���d���
�� /�� (� �, �����(� 
M�  %� A�B?���� /	,� =�M "$�T$�


���- D� D��N ? �T�! ? �
	 �
+ ��)V J*� . A�B?����
c,$� (� ���� D�	 D��N u?, A#� %� �
�& /�
� =�M

/�� �$��$- ./�)��N ���#%�� =��� ��� A�B?���� D��� =�M
 �� 
�� ����� ��� c�Hd� D�	 (� ��#� ,�� 
#�� ,��!��

�$	 D��� 0$)7� <�$! . @W����[�% A���� ? J�� =�M
�%$� ? c,?�[� ,� A�>�?�� A#� /�?
�& ? 
#���& =�M

 ���#%�� D�������$	 .(GP�� ��;#% ? ��#
�� ���#
()�� %� u?, A#� (� (� ���B?���� =,$� C����$� '�� =�M

/�
� D!�� 
�T$�/�� �Z�� XM?Y� F$Z$� /�� �
�& .  
  
3- ��"�O�� � �=PC 

1-3- �"+	  
���e*� =J*� A�B?���� "�GH��� ? �#��% c����� =�M
@#
�Na2CO3
���� � @���TLiBr  =n�� <$)! ��9/99 % %�

 /��	)Merck��*T& � (
	 (��� . /�)��N �� 
�T�#� 0$��
 �T$�T$� �%? ,$�L KDa14-12  /��	 %�)Sigma��*T& � (


	 =,�
#�! . /#�
M Q#�Z �� �T�! q$� ��7l� ,��?� 0&
%� ��*�µS/cm  0/005  q$� 0& (��� ������ .�$�

�T�!)UPW ( /��	 /!��)Sartorius��*T& � (
	 (��� .  
()��C����$� '�� =�M c�l�lH� 
��� \�^ %� =,$�


	 /��#,� ���l�lH� (#
M QT�N ,� ���#� @�#��� . '�[�� =���
�$�%&/;#% =�M"$)� �=,�-%�� ���;�� /�]�$>��� =�M
 ��,G292 J��� %� 
	 (��� ���#� ,$���� $���;�� �T$)� .

 /�� .�H�DMEM @� A�)�;�� �����& 
�$)- /
=?�- A��+ '�� �A�;#��$������FBS �Trypsin/EDTA  %�

 /��	)Gib-Co.��#��& � (����& "$)H� ?MTT  ? DMSO 
 /��	 %�)Sigma��*T& � (
�
	 =,�
#�!.
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2-3- Q�?%(.�,!(/ 7�8;��" � ��"�� 
()���� =�M ? /	���� @[�� %?, ,� =,$� C����$� '
���d	
�
	 (��� ��� 0& ,�P� �� �& D!�� �M . ,$W�� (�
e*�C����$� '�� ()�� �
L (� �@�#��� \��T� �#��% =,$�


	 _,�! �, �& =$�H� ? %�� .()�� Cj�,� �M750 �)�� ���T
Na2CO3  0/02 
	 ����,��N /L�� J# c
� (� ,n$�  .

& /�
� \��T� �
�3  (� '�- ? ��� �
��$#� 0& ���T J# �� ,��
0& ��$!
	 J�! �$M �#% ,� Q	 J# c
� (� ? ��� .

e*� \��T� �0& ,� "$)H� A�B?���� (��� =����
	 �#��% =
 /�;� (� @�#���%10  "$)H� ,� ��%?9/3  
#���� @���T ,n$�

 c
� (�5  ,� /L��55 ����� (+,�
	 D� ���- . "$)H�

� ��)V c
� (�  A�B?���� ? J*36  �� 
�T�#� o��V ,� /L��
 _?�! Q#�Z12000  ,��N <�! q$� 0&���T J# ,� �$�T��


	 ���� . /	�� ,��N �& ,� 
�T�#� (;�� (� ���b 0&6  (� ,��

	 �#$�� @W�� ,$^ .�N�� "$)H� (� 
�T�#� o��V ,� �
���

 c
�12 
#�� ,� /L��T�! A�B?���� �� 
	 J�! �#,�� �

#& /�
� 0& ,� D� D��N .A#� (� �
	 "�GH��� A�B?���� 

 =��� ,� =,�
��� D��N ? z�, 
�d� ,�$� c,$� (� u?,
/�� .�H� . D�	2 �� ���� �, A�B?���� (��� D����
M� .

 c
� (� 
#�� A�B?���� ��� c�Hd�  ,��!�� ���#%�� =���
 DN�
�30  D���� c,?�[� ,� (l�N�%99 ���- ,��N.  

  
  
  

 
 

D�	2  . A�B?���� _��P��� D����1,2 (()�� ���� 
�*� �M3 (e*� �#��%4 (
�T�#� J*� ��)V "$)H� ����
 \��T�  ?5 (,�$� (��� ? ���� =�,�
#���
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3-3- ���(�(� � ����(/ ���� 
8H$	 

  A�>�?�� �Y#? ����& =�M
�$�� ,$|� 
�#�� ,$W�� (�
O�^ �$�%& �A�B?����D#
�� �[��  .�$�  
��N �?��� (#,$�

 ������FTIR "
�EQUINOX 55  �%�� ,�cm-14000-500 
 �,�
����� t�^ASTM E1252-07 
	 '�[�� . A#� '�[�� =���

 ,�$� ? A�B?���� ,�$� %� �$�%&KBr  <�N (��� ��%�� �#�M
/��- ,��N ������ ,� ? 
	 . ? ���#,$)� ��
�� ��,�� =���

�� ? D�N c������ (�T�7� (#$��f ,��!�� �� "$���� ��f�� %� 

 C�#� $��� X#��� X#��%& �A�B?���� ���#,$)� ? �T$�T$�

 ������ .�$�XRD "
�D5000  SIMENS  �%�� ,��2  :
°70 -°5 %� C� ? D�N A�B?���� =?, �� (+,�  '�[�� ���#%��


	 .e*� %� C� ? D�N @�#��� =�M,���#��%  .�$�
����?, ��?���T� ���?����  ������SEM  "
�XL 

30/ESEM Philips  �?���T� 
� �� �Y���
)�� /��Z? ,�
(#$��f)SE (
����- ,��N ��,�� �,$�.  

 
4-3- L��� 
+	�G<��J��� 

/;#% �$�%& '�[�� =��� @)�� A�B?���� =?, �� =,�-%��

	 (��� �
	 ���#%�� ���B?���� . r%�� (#n J# ��[#� =���

�� \�b O� �� ���B?���� /100  "$)H� %� ���T?����%8 
 (� ? 
	 XP� /�� \�b JM�g D!�� ,� A�B?���� ��%?


	 J�! D#���� �$M �#% %?, (���	 J# c
� . =���
r%�� (#n �0& ,� �& ���� "$)H��� ? =,��!�� ���#%��         

 c
� (� ��B?����30  D���� c,?�[� ,� (l�N�%99    ,��N
 Cj� ? /��-2 � ,$^ (� ,�� �� D��PBS 
	 ���� $��;	 .

"$)� ��
�� ��,?& /�
� =���"$)� %��� �,$� =�M =�M
��, ���;�� /�]�$>���G292  /�� .�H� ,�DMEM  @�

 =?�� 
�$)-10 �)�� ,� 
��? ? A�)�;��� ���T100 
�)�� �� '�-?���� �A�;#��$������ ���T9 % A��+ '��

=?�-FBS  ,�37 ����� (+,��$��� ,� ���- 0$^�� ,$��
 =?��%5 CO2 / %95 
	 ����� � �$M . ��$�%& '�[�� =���

(#n =?�� /�� \�b D�T� �� r%�� =�M70  X��� ? (+,�
UV 
	 D#���� .100,000  JM�g ,� ���]�$>��� "$)�

 (�P#, "���� JM�g ,� =?�;� ,�
l� (� ? �
	 ���� X	$�


	 . c
� (�48 #��	 ,� 0$^�� ,$���$��� ,� /L�� .
 �#���37����� (+,�,���  ? ���-%5 CO2 /��- ,��N .200 

 "$)H� %� ���T?����10 %MTT ) /W)V ��mg/ml 5 ( ,�
 c
� (� ? (��Z� JM�g �M (� D��� .�H�4  ,� /L��37 

����� (+,�
	 (�$��� ���- . ��?
�� %� C�DMSO c
	 �
 _$� "$^ �� �
#n� ������ .�$� ��
	 ��[#� ��%��,$� z�,

573 /��- ,��N ��,�� �,$� ���$��� .���� �+?�! =�M
 ,�
�� '�� .�$� ������ SpSS 17.0/��- ,��N D�)H� �,$� .

"$)� /�]�$>��� =�MG292 @)�� =?, (� ��B?���� =�M
 %� C� 
�$� �
	 (�	��4  ��?���T� ���?���� .�$� � %?,


����- ,��N J#K$T$�,$� ��,�� �,$� ���?, . (��� =���
@)�� (�$*� c
� (� �M2  
�M
T&,��$)- ,� /L��2/5 % ,�

PBS 
	 ���� ,��N . �� D��� =$��;	 %� C�PBS  ,�
'$��%?� 
#�;�����0/1 %,�PBS 0/1 c
� (� ,n$�30  (l�N�

 �� /N� (� ��#� ,�� ? 
	 ���� ,��NPBS 
	 ���� $�;�	 .
"$)H� =�� %� ���d��� �� =����& 
�#&�� �
	 t�N, =�M

D�*�� 0& �� �$��&
	 .(�$*� �=����& %� C� c
� (� �M12 
 ,� /L��40 -  ��75 - ����� (+,� ��!& ,� ? =�,�
#�� ���-


�
	 �
�	$� ]^ %� ��%�� (#n ��.  
  

4- R���# P(�;� � ,(�&� 
J�� %� O)�P� F$� ,��g �)� ,$^ (� �	���,� =�M

�?�- (� �$���A�>�?�� ,� =
��& =�M �$+? �M�,�� .A�>�?��-

J�� �M  ()��� ,� �, �G!�	 =�M1 - cm 1630  ��1 - cm 
1650
��& =���I )C=O ����(()��� ,� �1 - cm 1520  ��1 - 

cm 1540 
��& =���II )NH ��*! �(#$��f ( ()��� ,� ?1 -

cm 1230  ��1 - cm 1270 
��& =���III )C-N ,N-H�?�--

�)��L =�M ( O�^ ,�IR  �� ���� �$! 
�M�]17[ . ��,��
 O�^IR �)� =�M
��� ,� O)�P� =�M,��!�� ,� �, �M
��j�


��&I ?II �� �����)� J�� 
M� '�� ,� �M
��j�� - C��)M

��& =�M
��� =���I  ,� �,1 -cm 1655 �� �M�b�$	 .
��&II 

 ,� =%�$� c�Hd� '�� ,� 
��1 - cm 1530 �� ���� J��-


M� . J��1 - cm 1655 
��& =��� 
��I ��� '�� ,� @M,� =�M
A�>�?���?�- (� �#�M�?�- �� ���& =
��j� =�M ,?�[� =�M
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���� ,��N�� ��K?,
�M 
�$���� �
#� 
���$	]18�19[ .
D�	3  O�^ OT�FTIR  �/�� �Z�� XM?Y� %� �
�& /�
�


��& =�M
��� %,�� ,$|�I  ,�1 - cm 1655 
��& ?II ,�1 - 
cm 1530 ,� �& 
�#�� ?1 - cm 699 
��& ?III  ,�1- cm 

1239 ��� ? �a��,�� ,��!�� ,� �, A�>�?�� �$+? @M,� =�M

�� 
�#�� {]���
�� . O�^ ? ,��$*� A#� (;#�l� ��FTIR 
C���$� @�#�����llH� ��#� .�$� �
�& /�
� =,$�]20[ 

�� D��� ����*^� A#� A�B?���� �Z�� A>��?�� (� �$	
/��) D�	3 0.( 

 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

D�	3 .OT�  ( O�^FTIR 0 �XM?Y� A#� ,
M
	 _��P��� A�B?���� ( O�^FTIR  u,�
- A�B?����
�
	 ��#� ��llH� .�$��

  
  

 ��
�� ����� ��,�� ,$W�� (� C�#� $��� u��� �$�%&
"�GH��� A�B?���� ���#,$)�  %� 
�� ? D�N ()��� ?� ,� �
	


	 '�[�� "$���� .�$� ���#%�� .$�%& �#��� $��� u��� �
D�	 ,� C�#�4 /�� �
�& . �$��� O�^ ,� =$N J�� ?�

 ,� "$���� ,� A���- ,��N %� D�N A�B?���� (��14=�2 
?�6/5=�2 /�� �
M��� D��N .J�� A#� ,��!�� ����#�*� �M

silk I 
��;M]21�19[ . J�� ?� �
	 ���#%�� A�B?���� O�^ ,�
 ,� �!�	�20=�2 ?�21=�2 �� �
#� (� �$	 (����

c�Hd� ,��!��/�� �
	 ���#%�� A�B?���� ,� ���]22�23[ . ��
�� �����^ @�#��� ,� ��� c�Hd� ����^ @�;�� (� (+$� ��$�

 (�T?� A�B?���� A���-,��N %� C� �@W�� =$�T� A#� (� /d-
/�� �
	 ���#%�� =��#% 
� �� "$���� ,� .���#%�� @�#���  �
	

(� /�;� ��?�d�� ��#
�� <�$!  %� (� �,�� (�T?� A�B?����
�� ()*+ 0& ,� �T$*�� .#��	 ,� �& "]H�� '
L (� ��$�
��� �,�	� .  

  
  

D�	4 . O�^XRD ���#%�� %� 
�� ? D�N A�B?���� (� �$����
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�T$� ��%��,$� z�, �T��g ��,�� ([���
"$)� ,� �M573 ���� D�)H� ? �
#n� ������ .�$� ���$��� =�M

D���  ,�
�� '�� .�$� ������ %� SpSS 17.0 ,��$*� ,�
 D�	5 /�� �
	 ���� ���� . ������ �� 
�� ? ,��$*� (� (+$� ��

������V (� u%,� ��$� ,��p )0/2= p (�� ��
�� /d- ��$�
�
�% "$)� ��$� �� ��$;H� c?�d� ���B?���� (#n =?, �� �M

�)� O� & %� ? /�� (�	�
� /�� \�b ���#���� ,� (� �#�[�
 /;� '�[��MTT A#
�g�
	 '�[�� $��;	 ,��"$)� � %� �M


�,��,$!�� R7� A#� =?, �� ��$! �-
��;g . D�	6 
"$)� �#$G� ���� �, �*�#��� @)�� R7� �� /�]�$>��� =�M

��
�M� ."$)�?%�� �� �M @)�� R7� =?, �� �
��� 0��� =�M
�
	 ����;- A�B?�����, �& R7� ? 
�� ���� ��
�� .  

  
  

  
 

  
  

  
  
  
  

  
D�	5 .�$�%& ([��� (;#�l�MTT "$)� ����� ,� ���B?���� @)�� �� ���#���� �)� "���� �/�]�$>��� =�M*u%,�p  �� �����0/2  
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=,?���/;#% ()*+ %� A#$� =�M  %� A�B?���� _��P��� ���	
�
C����$� '�� ()�� ��$� ? =��G�N� s��� J# ��$�L (� =,$�

)����#� (/��- ,��N ��,�� �,$� @�#��� . "�GH��� A�B?����
 <�$! ? �W� �,$� <$)! =�,�� XM?Y� A#� ,� �
	

�D�	 ()*+ %� ��$)7/;#% ? =�#S�/�� =,�-%�� . '
L
"$)� 
	, ? /�*�@)�� =?, �� /�]�$>��� =�M (��� =�M

�� ���� �
	 ���#%�� A�B?���� %� �
	 =��� ���� A#� 
M�
@�;�� �� .���� ��$� /!��/�)��N �
�% =�M �$lT�� =�M

�� ? �,�� ���?����� 
#
��� J# ��$�L (� �& %� ��$� ,� Q��
(���%/;#% O)�P� =�M��V /!�� ()*+ %� ��	
� ��M

/;�,��(#n ? �M��� ���d��� r%�� =�M .  
  

<�"�'��S�  
  '�� c�l�lH� 
��� /N? '��H� "$>;� %� ��?��� I�j� ��

_�$� I
��� =�N& 0��+ ����#� @�#��� ()�� A���� =��� �,$�
C����$� @�#���
��� %� �Y#? ����,
N ? =,$�  c�l�lH�

��
��� ? ��	
�$���
��	 ������� /��� XM?Y� (� �����

���� ,��N �T�� /#�*� �,$� �, �Z��.  
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