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Abstract

Among all the materials used in industry, gels play an increasingly important role. These 
�œ�˜�,�Œ�Š�•�•�Ž�•�1�œ�˜�•�•�,�–�Š�4�Ž�›�1�–�Š�•�Ž�›�’�Š�•�œ�1�Š�›�Ž�1�•�Ž���—�Ž�•�1�‹�¢�1�•�‘�Ž�’�›�1�Š�‹�’�•�’�•�¢�1�•�˜�1���¡�1�Š�1�•�Š�›�•�Ž�1�Š�–�˜�ž�—�•�1�˜�•�1�œ�˜�•-
vent, either organic (organogels) or aqueous (hydrogels). The large majority of hydrogels 
are made of natural or synthetic polymers, or natural proteins. However, a new kind of 
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�’�–�™�˜�›�•�Š�—�•�ð�1�•�‘�Ž�1�™�˜�œ�œ�’�‹�’�•�’�•�’�Ž�œ�1�˜�•�1�™�Ž�™�•�’�•�Ž�1�•�Ž�œ�’�•�—�1�Œ�Š�—�1�Ž�¡�™�˜�—�Ž�—�•�’�Š�•�•�¢�1�•�›�˜� �1�ž�œ�’�—�•�1�–�˜�•�’���Ž�•�1�Š�—�•�1
non-natural amino acids instead of the “only” twenty natural ones. Thus, chemical modi -
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1. Introduction
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�W�_�_�W�ð�1� �‘�˜�1�–�Ž�›�Ž�•�¢�1�Ž�—�•�’�•�•�Ž�•�1�‘�’�œ�1���˜�‹�Ž�•�1�•�Ž�Œ�•�ž�›�Ž�1�����˜�•�•�1���Š�4�Ž�›���1�ý�W�þ�ï�1�
�Ž�1�‘�Š�œ�1�•�Ž���—�’�•�Ž�•�¢�1�Œ�˜�—�•�›�’�‹�ž�•�Ž�•�1�•�˜�1
�™�˜�™�ž�•�Š�›�’�£�Ž�1�•�‘�’�œ�1�•�Ž�›�–�’�—�˜�•�˜�•�¢�ï�1���˜�•�•�1�–�Š�4�Ž�›�1�’�—�Œ�•�ž�•�Ž�œ�1�Š�1� �’�•�Ž�1�Ÿ�Š�›�’�Ž�•�¢�1�˜�•�1�–�Š�•�Ž�›�’�Š�•�œ�ð�1�’�—�Œ�•�ž�•�’�—�•�1�Œ�˜�•-
�•�˜�’�•�Š�•�1�œ�ž�œ�™�Ž�—�œ�’�˜�—�œ�ð�1�œ�ž�›�•�Š�Œ�•�Š�—�•�œ�ð�1�•�’�š�ž�’�•�1�Œ�›�¢�œ�•�Š�•�œ�ð�1�™�˜�•�¢�–�Ž�›�œ�ð�1�˜�›�1�•�Ž�•�œ�ï�1���‘�Ž�œ�Ž�1�•�Š�4�Ž�›�1�˜�—�Ž�œ�1�Œ�˜�—�œ�•�’�•�ž�•�Ž�1
the major thread of this chapter.

���—�•�Ž�›�Ž�œ�•�’�—�•�•�¢�ð�1 �•�‘�Ž�1 �•�Ž�•�1 �œ�•�Š�•�Ž�1 �Œ�Š�—�1 �‹�Ž�1 �•�Ž�œ�Œ�›�’�‹�Ž�•�1 �‹�˜�•�‘�1 �Š�œ�1 �Š�1 �œ�˜�•�’�•�1 �œ�•�Š�•�Ž�ð�1 �‹�Ž�Œ�Š�ž�œ�Ž�1 �˜�•�1 �•�‘�Ž�1 �Š�‹�’�•�’�•�¢�1 �˜�•�1
gels to self-support their own weight (which is a solid state characteristic), and as a liquid, 
�˜�—�1�Š�Œ�Œ�˜�ž�—�•�1�˜�•�1�•�‘�Ž�1�•�Ž�•�1�Œ�˜�–�™�˜�œ�’�•�’�˜�—�1�–�Š�•�Ž�1�˜�•�1�Š�1�•�Š�›�•�Ž�1�–�Š�“�˜�›�’�•�¢�1�˜�•�1�Š�1�•�’�š�ž�’�•�1�û�•�Ž�—�Ž�›�Š�•�•�¢�1�Á�_�^�–�1� �&� �ü�1
�Š�—�•�1�˜�—�•�¢�1�Š�1�œ�–�Š�•�•�1�Š�–�˜�ž�—�•�1�˜�•�1�œ�˜�•�’�•�1�û�À�X�–�1� �&�Ÿ�ü�1�ý2–�Z�þ�ï�1���‘�ž�œ�ð�1�•�Ž�•�œ�1�Š�›�Ž�1�•�Ž���—�Ž�•�1�‹�¢�1�•�‘�Ž�’�›�1�Š�‹�’�•�’�•�¢�1�•�˜�1
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kinds of starting materials, including natural polymers ( e.g�ï�ð�1�¡�Š�—�•�‘�Š�—�1�˜�›�1���›�Š�‹�’�Œ�1�•�ž�–�œ�ð�1�Š�•�Š�›�,
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the starting gelator. Regardless, the simplicity of the formation of supramolecular hydrogels, 
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pKa, etc. (���Š�‹�•�Ž�1 �W�ü�1 �ý20]. As a function of their sequence and conditions, proteins and pep-
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���—�1�˜�Ÿ�Ž�›� �‘�Ž�•�–�’�—�•�1�–�Š�“�˜�›�’�•�¢�1�˜�•�1�•�‘�Ž�1�™�Ž�™�•�’�•�Ž�,�‹�Š�œ�Ž�•�1�‘�¢�•�›�˜�•�Ž�•�œ�1�›�Ž�œ�•�œ�1�˜�—�1�™�Ž�™�•�’�•�Ž�1�†�,�œ�‘�Ž�Ž�•�1�Š�œ�œ�Ž�–-
�‹�•�’�Ž�œ�ï�1 ���—�•�Ž�Ž�•�ð�1 �œ�•�Š�›�•�’�—�•�1 �•�Ž�•�Š�•�˜�›�œ�1 �ûi.e�ï�ð�1 �™�Ž�™�•�’�•�Ž�œ�ü�1 �–�Š�’�—�•�¢�1 �œ�Ž�•�•�,�Š�œ�œ�Ž�–�‹�•�Ž�1 �’�—�•�˜�1 ���‹�›�’�•�œ�ð�1 � �‘�’�Œ�‘�1 �œ�ž�‹-
�œ�Ž�š�ž�Ž�—�•�•�¢�1 �Œ�˜�–�‹�’�—�Ž�1 �Ž�Š�Œ�‘�1 �˜�•�‘�Ž�›�1 �Ÿ�’�Š�1 �œ�ž�™�›�Š�–�˜�•�Ž�Œ�ž�•�Š�›�1 �’�—�•�Ž�›�Š�Œ�•�’�˜�—�œ�1 �•�˜�1 �•�˜�›�–�1 ���‹�Ž�›�œ�ï�1 ���•�•�˜�•�Ž�•�‘�Ž�›�ð�1
�•�‘�Ž�œ�Ž�1���‹�Ž�›�œ�1�•�˜�›�–�1�Š�1�—�Ž�•� �˜�›�”�1�Š�Œ�•�’�—�•�1�Š�œ�1�•�‘�Ž�1�•�›�Š�–�Ž�1�˜�•�1�•�‘�Ž�1�‘�¢�•�›�˜�•�Ž�•�ð�1�Ž�œ�œ�Ž�—�•�’�Š�•�•�¢�1�œ�Ž�•�•�,�œ�ž�™�™�˜�›�•�Ž�•�1�‹�¢�1
�‘�¢�•�›�˜�•�Ž�—�1�‹�˜�—�•�œ�1�û���’�•�ž�›�Ž�1�W�ü�1�ý�X�W�þ�ï�1���‘�’�œ�1�Š�—�Š�•�˜�•�¢�1�•�˜�1�‹�ž�’�•�•�’�—�•�1�Œ�˜�—�œ�•�›�ž�Œ�•�’�˜�—�1�’�œ�1�œ�‘�Š�›�Ž�•�1� �’�•�‘�1�—�ž�–�Ž�›-
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�Œ�‘�Š�’�—�ü
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Alanine Ala A �^�_�ï�V�_ Aliphatic �\�ï�V�W ���&�� �W�ï�^ �V�ï�]�\

�	�•�¢�Œ�’�—�Ž �	�•�¢ �	 �]�[�ï�V�] Aliphatic �[�ï�_�] ���&�� �º�V�ï�Z �V�ï�]�W

���œ�˜�•�Ž�ž�Œ�’�—�Ž ���•�Ž �� �W�Y�W�ï�W�]Aliphatic �\�ï�V�X ���&�� �Z�ï�[ �W�ï�]�Y

Leucine Leu L �W�Y�W�ï�W�] Aliphatic �[�ï�_�^ ���&�� �Y�ï�^ �W�ï�X�Y

���›�˜�•�’�—�Ž ���›�˜ �� �W�W�[�ï�W�YAliphatic �\�ï�Z�^ ���&�� �W�ï�\ �V�ï�Z�Y

���Š�•�’�—�Ž ���Š�• �� �W�W�]�ï�W�[ Aliphatic �[�ï�_�] ���&�� �Z�ï�X �W�ï�^�X

���‘�Ž�—�¢�•�Š�•�Š�—�’�—�Ž ���‘�ŽF �W�\�[�ï�W�_ Aromatic �[�ï�Z�^ ���&�� �X�ï�^ �W�ï�Z�^

Tryptophan Trp �� �X�V�Z�ï�X�Y Aromatic �[�ï�^�_ ���&�� �º�V�ï�_ �W�ï�X�Z

Tyrosine Tyr Y �W�^�W�ï�W�_ Aromatic �[�ï�\�\ �W�V�ï�V�] �º�W�ï�Y �W�ï�Z�Y

Aspartic acid Asp D �W�Y�Y�ï�W�V Acid �X�ï�]�] �Y�ï�\�[ �º�Y�ï�[ �V�ï�[�X

�	�•�ž�•�Š�–�’�Œ�1�Š�Œ�’�• �	�•�ž �� �W�Z�]�ï�W�YAcid �Y�ï�X�X �Z�ï�X�[ �º�Y�ï�[ �V�ï�\�]

Asparagine Asn N �W�Y�X�ï�W�X Amide �[�ï�Z�W ���&�� �º�Y�ï�[ �V�ï�[�Y

�	�•�ž�•�Š�–�’�—�Ž �	�•�— Q �W�Z�\�ï�W�[ Amide �[�ï�\�[ ���&�� �º�Y�ï�[ �V�ï�]�^

Arginine Arg R �W�]�Z�ï�X�V Basic �W�V�ï�]�\ �W�X�ï�Z�^ �º�Z�ï�[ �V�ï�^�\

Histidine His H �W�[�[�ï�W�\ Basic �]�ï�[�_ �\�ï�V�V �º�Y�ï�X �W�ï�V�W

Lysine Lys K �W�Z�\�ï�W�_ Basic �_�ï�]�Z �W�V�ï�[�Y �º�Y�ï�_ �V�ï�^�X

���Ž�›�’�—�Ž ���Ž�› �� �W�V�[�ï�V�_ �
�¢�•�›�˜�¡�¢�• �[�ï�\�^ ���&�� �º�V�ï�^ �V�ï�_�X

Threonine Thr T �W�W�_�ï�W�X �
�¢�•�›�˜�¡�¢�• �[�ï�^�] ���&�� �º�V�ï�] �W�ï�W�_

Cysteine Cys C �W�X�W�ï�W�\ ���ž�•�•�ž�›�,
containing

�[�ï�V�] �^�ï�W�^ �X�ï�[ �W�ï�X�\

���Ž�•�‘�’�˜�—�’�—�Ž ���Ž�• �� �W�Z�_�ï�X�W ���ž�•�•�ž�›�,
containing

�[�ï�]�Z ���&�� �W�ï�_ �W�ï�X�\

���Š�‹�•�Ž�1�W�ï�1Key properties of the main amino acids (with P�†�1�•�˜�›�1�Š�–�’�—�˜�1�Š�Œ�’�•�œ�1�†�,�œ�‘�Ž�Ž�•�1�™�›�˜�™�Ž�—�œ�’�•�¢�ü�ï
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�K�W�W�S�������G�[���G�R�L���R�U�J�������������������L�Q�W�H�F�K�R�S�H�Q������������
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�˜�ž�œ�1 �Ÿ�’�•�Š�•�1 �‹�’�˜�•�˜�•�’�Œ�Š�•�1 �œ�Ž�•�•�,�Š�œ�œ�Ž�–�‹�•�’�Ž�œ�1 �ûe.g�ï�ð�1 �Š�—�•�’�‹�˜�•�¢�&�Š�—�•�’�•�Ž�—�ð�1 �������&�™�›�˜�•�Ž�’�—�ð�1 �������&�������ð�1 �Ž�•�Œ�ï�ü�ð�1
�œ�‘�˜� �’�—�•�1�•�‘�Ž�1�™�’�Ÿ�˜�•�Š�•�1�›�˜�•�Ž�1�˜�•�1�œ�ž�™�›�Š�–�˜�•�Ž�Œ�ž�•�Š�›�1�Š�œ�œ�Ž�–�‹�•�’�Ž�œ�ï�1���Ž�Œ�Š�ž�œ�Ž�1�™�Ž�™�•�’�•�Ž�œ�1�ûi.e., short proteins) 
�—�Š�•�’�Ÿ�Ž�•�¢�1 �œ�Ž�•�•�,�Š�œ�œ�Ž�–�‹�•�Ž�1 �Ž�Š�Œ�‘�1 �˜�•�‘�Ž�›�ð�1 �™�Ž�™�•�’�•�Ž�,�‹�Š�œ�Ž�•�1 �‘�¢�•�›�˜�•�Ž�•�œ�1 �Œ�Š�—�1 �‹�Ž�1 �Œ�˜�—�œ�’�•�Ž�›�Ž�•�1 �Š�œ�1 ���Š�•�ž�›�Ž�,
�’�—�œ�™�’�›�Ž�•�1�–�Š�•�Ž�›�’�Š�•�œ�1�ý22].

���‘�’�•�Ž�1 �†�,�œ�‘�Ž�Ž�•�1 �Š�œ�œ�Ž�–�‹�•�’�Ž�œ�1 �Š�›�Ž�1 �•�‘�Ž�1 �™�›�Ž�•�˜�–�’�—�Š�—�•�1 � �Š�¢�1 �™�Ž�™�•�’�•�Ž�œ�1 �’�—�•�Ž�›�Š�Œ�•�1 �•�˜�1 �•�˜�›�–�1 �‘�¢�•�›�˜�•�Ž�•�œ�ð�1 �Š�1
�‘�Š�—�•�•�ž�•�1 �˜�•�1 �•�‘�Ž�œ�Ž�1 �œ�˜�•�•�1 �–�Š�4�Ž�›�1 �–�Š�•�Ž�›�’�Š�•�œ�1�Š�›�Ž�1 �‹�Š�œ�Ž�•�1 �˜�—�1�…�,�‘�Ž�•�’�Œ�Š�•�1 �Œ�˜�’�•�Ž�•�,�Œ�˜�’�•�1 �œ�•�›�ž�Œ�•�ž�›�Ž�œ�1�ý�X�Y, �X�Z]. 
���›�’�Ž���¢�ð�1�•�‘�Ž�œ�Ž�1�Š�›�Œ�‘�’�•�Ž�Œ�•�ž�›�Ž�œ�1�’�—�Ÿ�˜�•�Ÿ�Ž�1�›�Ž�™�Ž�Š�•�’�—�•�1�‘�Ž�™�•�Š�™�Ž�™�•�’�•�Ž�œ�1�û�˜�›�1�‘�Ž�™�•�Š�•�œ�ü�1�–�Š�’�—�•�¢�1�‹�Š�œ�Ž�•�1�˜�—�1�•�‘�Ž�1
�œ�Ž�š�ž�Ž�—�Œ�Ž�1�û�
�����
�������ü�1�’�—�1� �‘�’�Œ�‘�1�
�1�’�œ�1�Š�1�‘�¢�•�›�˜�™�‘�˜�‹�’�Œ�1�Š�–�’�—�˜�1�Š�Œ�’�•�1�Š�—�•�1���1�Š�1�™�˜�•�Š�›�1�˜�—�Ž�ï�1���–�˜�—�•�1�•�‘�Ž�–�ð�1
�•�Ž� �1�Ž�¡�Š�–�™�•�Ž�œ�1�˜�•�1�Œ�˜�’�•�Ž�•�,�Œ�˜�’�•�,�‹�Š�œ�Ž�•�1�‘�¢�•�›�˜�•�Ž�•�œ�1�Œ�Š�—�1�‹�Ž�1�Œ�’�•�Ž�•�ð�1�’�—�Œ�•�ž�•�’�—�•�1�•�‘�Ž�1�•�›�’�1�‘�Ž�™�•�Š�•�1�›�Ž�™�Ž�Š�•�œ�1�û���•�Ž�,
���¢�œ�,�	�•�—�,���Ž�ž�,�	�•�ž�,���Ž�›�,�	�•�ž�ü3 and �û���•�Ž�,���•�Š�,�	�•�—�,���Ž�ž�,�	�•�ž�,���¢�›�,�	�•�ž�ü3�1�ý�X�[�þ�ð�1�Š�1�Y�Z�,�–�Ž�›�1�‹�Š�œ�Ž�•�1�˜�—�1�•�‘�Ž�1
�	�•�—�,���Ž�ž�,���•�Š�,���›�•�,�	�•�ž�,���Ž�ž�û�	�•�—�,�	�•�—�,���Ž�ž�,���•�Š�,���›�•�,�	�•�ž�,���Ž�ž�ü4� 1 � ý�X�\�þ�ð�1 �Š�1 �W�_�,�–�Ž�›�1 �û���Œ�,���Ž�ž�,���¢�œ�,
�	�•�ž�,���Ž�ž�,���•�Š�,���¢�œ�,���Š�•�,���Ž�ž�,�
�’�œ�,�	�•�ž�,���Ž�ž�,���•�Š�,���¢�œ�,���Ž�ž�,���Š�•�,���Ž�›�,�	�•�ž�,���•�Š�,���Ž�ž�,�
�’�œ�,���•�Š�,���
2) 
�ý�X�]�þ�ð�1�Š�—�•�1�•�‘�Ž�1�‘�¢�•�›�˜�•�Ž�•�1�•�˜�›�–�Ž�•�1�‹�¢�1�•� �˜�1�X�^�,�›�Ž�œ�’�•�ž�Ž�1�™�Ž�™�•�’�•�Ž�œ�1�•�Ž�›�–�Ž�•�1�‘������AAA �1�ž�œ�Ž�•�1�Š�œ�1�œ�ž�‹�œ�•�›�Š�•�Ž�1
�•�˜�›�1�Œ�Ž�•�•�1�•�›�˜� �•�‘�1�ý�X�^�þ�ï�1�
�˜� �Ž�Ÿ�Ž�›�ð�1�•�‘�Ž�œ�Ž�1�•�Ž�•�œ�1�‹�Š�œ�Ž�•�1�˜�—�1�Œ�˜�’�•�Ž�•�,�Œ�˜�’�•�1�™�Ž�™�•�’�•�Ž�1�Š�›�Œ�‘�’�•�Ž�Œ�•�ž�›�Ž�1�Š�›�Ž�1�•�’�–�’�•�Ž�•�1
�‹�¢�1�‹�˜�•�‘�1�•�‘�Ž�1�•�Ž�—�•�•�‘�1�˜�•�1�•�‘�Ž�1�œ�Ž�š�ž�Ž�—�Œ�Ž�1�û�•�›�˜�–�1�Å�X�V�1�•�˜�1�Z�V�1�Š�–�’�—�˜�1�Š�Œ�’�•�1�›�Ž�œ�’�•�ž�Ž�œ�ü�1�Š�—�•�1�•�‘�Ž�1�Œ�˜�—�Œ�Ž�—�•�›�Š�•�’�˜�—�1
�˜�•�1 �™�Ž�™�•�’�•�Ž�1 �û�•�›�˜�–�1 �W�1�•�˜�1 �W�X�–�1 � �&�Ÿ�ü�1 �›�Ž�š�ž�’�›�Ž�•�ï�1 ���˜�–�™�Š�›�Š�•�’�Ÿ�Ž�•�¢�ð�1 �‘�¢�•�›�˜�•�Ž�•�œ�1�‹�Š�œ�Ž�•�1 �˜�—�1�™�Ž�™�•�’�•�Ž�1 �œ�Ž�•�•�,
�Š�œ�œ�Ž�–�‹�•�’�—�•�1�Ÿ�’�Š�1�†�,�œ�‘�Ž�Ž�•�1�•�˜�›�–�Š�•�’�˜�—�1�Œ�Š�—�1�‹�Ž�1�•�˜�›�–�Ž�•�1� �’�•�‘�1�ž�•�•�›�Š�œ�‘�˜�›�•�1�™�Ž�™�•�’�•�Ž�œ�1�û�Â�]�1�Š�–�’�—�˜�ü�1�Š�—�•�1� �’�•�‘�1
�œ�–�Š�•�•�Ž�›�1�Œ�˜�—�Œ�Ž�—�•�›�Š�•�’�˜�—�œ�1�û�Â�V�ï�W�–�1� �&�Ÿ�ü�ð�1�–�Š�”�’�—�•�1�•�‘�˜�œ�Ž�1�’�—�•�ž�‹�’�•�Š�‹�•�¢�1�‹�Ž�4�Ž�›�1�Œ�Š�—�•�’�•�Š�•�Ž�œ�1�’�—�1�•�Ž�›�–�œ�1�˜�•�1
�Ž���Œ�’�Ž�—�Œ�¢�1�Š�—�•�1�Š�•�˜�–�1�Ž�Œ�˜�—�˜�–�¢�ï�1���‘�ž�œ�ð�1�•�‘�Ž�1�•�Š�›�•�Ž�1�–�Š�“�˜�›�’�•�¢�1�˜�•�1�™�Ž�™�•�’�•�Ž�,�‹�Š�œ�Ž�•�1�‘�¢�•�›�˜�•�Ž�•�œ�1�•�Ž�Ÿ�Ž�•�˜�™�Ž�•�1
�’�—�1�•�‘�Ž�1�•�Š�œ�•�1�•� �˜�1�•�Ž�Œ�Š�•�Ž�œ�1�Š�›�Ž�1�‹�Š�œ�Ž�•�1�˜�—�1�†�,�œ�‘�Ž�Ž�•�1�Š�œ�œ�Ž�–�‹�•�’�Ž�œ�1�ý2–�Z].

���˜�—�•�›�Š�œ�•�’�—�•�•�¢�1 �•�˜�1 �•�‘�Ž�1 �ž�œ�Ž�1 �˜�•�1 �™�˜�•�¢�–�Ž�›�œ�1 �’�—�1 �‘�¢�•�›�˜�•�Ž�•�1 �•�˜�›�–�Š�•�’�˜�—�ð�1 �™�Ž�™�•�’�•�Ž�œ�1 �‘�Š�Ÿ�Ž�1 �’�—�•�’�œ�™�ž�•�Š�‹�•�Ž�1
�Š�•�Ÿ�Š�—�•�Š�•�Ž�œ�1 �–�Š�”�’�—�•�1 �•�‘�Ž�–�1 �›�Ž�–�Š�›�”�Š�‹�•�¢�1 �–�˜�›�Ž�1 �Š�4�›�Š�Œ�•�’�Ÿ�Ž�ï�1 ���—�1 �™�Š�›�•�’�Œ�ž�•�Š�›�ð�1 �•�‘�Ž�¢�1 �Š�›�Ž�1 �‹�˜�•�‘�1 �‹�’�˜�Œ�˜�–-
�™�Š�•�’�‹�•�Ž�1�Š�—�•�1�Ž�Š�œ�’�•�¢�1�–�Ž�•�Š�‹�˜�•�’�£�Ž�•�1�‹�¢�1�™�›�˜�•�Ž�˜�•�¢�œ�’�œ�ð�1�–�Š�”�’�—�•�1�•�‘�Ž�–�1�™�Ž�›�•�Ž�Œ�•�1�Œ�Š�—�•�’�•�Š�•�Ž�œ�1�•�˜�›�1�‹�’�˜�–�Ž�•�’-
�Œ�Š�•�1�Š�—�•�1�•�‘�Ž�›�Š�™�Ž�ž�•�’�Œ�1�Š�™�™�•�’�Œ�Š�•�’�˜�—�œ�1�ý�W�[�þ�ï�1���—�•�’�”�Ž�1�™�˜�•�¢�–�Ž�›�œ�ð�1�™�Ž�™�•�’�•�Ž�œ�1�Š�›�Ž�1�Œ�‘�Ž�–�’�Œ�Š�•�•�¢�1�•�Ž���—�Ž�•�1�Š�—�•�1
�œ�¢�—�•�‘�Ž�œ�’�£�Ž�•�1 �’�—�1 �Š�1 �‘�’�•�‘�,�™�ž�›�’�•�¢�1 � �’�•�‘�1 �‘�’�•�‘�1 �›�Ž�™�›�˜�•�ž�Œ�’�‹�’�•�’�•�¢�ï�1 ���˜�›�Ž�˜�Ÿ�Ž�›�ð�1 �•�ž�Ž�1 �•�˜�1 �•�‘�Ž�’�›�1 �˜� �—�1 �œ�•�›�ž�Œ-
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their infancy. Fundamental research strongly supports the interest of these innovative 
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�Œ�Š�•�1�Š�™�™�•�’�Œ�Š�•�’�˜�—�œ�1�ý�Y�W]. As a result, several systems were developed:

• �Š�œ�1 �Ž�¡�•�›�Š�Œ�Ž�•�•�ž�•�Š�›�1 �Œ�ž�•�•�ž�›�Ž�1 �–�Ž�•�’�ž�–�1 �û�˜�›�1 �������ü�1 �•�˜�›�1 �Œ�Š�—�Œ�Ž�›�1 �Œ�Ž�•�•�œ�1 �ý�W�\], stem cells, or neuronal 
�����Z�]�Z�W�1�Œ�Ž�•�•�œ�1�ý�Y�X].

• �Š�œ�1�������1�•�˜�1�Œ�˜�—�•�›�˜�•�1�…�[�†�W�1�’�—�•�Ž�•�›�’�—�1�Ž�¡�™�›�Ž�œ�œ�’�˜�—�1�˜�•�1�Ž�—�•�˜�•�‘�Ž�•�’�Š�•�1�Œ�Ž�•�•�œ�1�ý�Y�Y].

• �Š�œ�1�’�—�“�Ž�Œ�•�Š�‹�•�Ž�1�‘�¢�•�›�˜�•�Ž�•�1�•�˜�›�1�Œ�˜�—�•�›�˜�•�•�Ž�•�,�›�Ž�•�Ž�Š�œ�Ž�1�˜�•�1�˜�™�’�˜�’�•�œ�1�ý�Y�Z�þ�1�˜�›�1�˜�•�1�Ž�–�‹�›�¢�˜�—�’�Œ�1�œ�•�Ž�–�1�Œ�Ž�•�•�1�œ�Ž�Œ-
�›�Ž�•�˜�–�Ž�1�ý�Y�[].

• �Š�œ�1�’�–�™�•�Š�—�•�Ž�•�1 �‘�¢�•�›�˜�•�Ž�•�,�Œ�˜�—�•�Š�’�—�’�—�•�1 �œ�•�Ž�–�1�Œ�Ž�•�•�œ�1�•�˜�1 �•�›�Ž�Š�•�1 �œ�™�’�—�Š�•�1 �Œ�˜�›�•�1 �’�—�“�ž�›�¢�1 �ý�Y�\] or for nerve 
�›�Ž�™�Š�’�›�1�Š�•�•�Ž�›�1�•�›�Š�ž�–�Š�•�’�Œ�1�’�—�“�ž�›�¢�1�’�—�1�•�‘�Ž�1�—�Ž�›�Ÿ�˜�ž�œ�1�œ�¢�œ�•�Ž�–�1�ý�Y�]]. In vivo�1�’�–�™�•�Š�—�•�Š�•�’�˜�—�1�˜�•�1���������,�W�\�1
�™�Ž�™�•�’�•�Ž�1�•�Ž�›�’�Ÿ�Š�•�’�Ÿ�Ž�œ�1�Ž�—�‘�Š�—�Œ�Ž�œ�1�Ž�¡�•�Ž�—�œ�’�Ÿ�Ž�1�‹�˜�—�Ž�1�›�Ž�•�Ž�—�Ž�›�Š�•�’�˜�—�1�˜�•�1�–�’�Œ�Ž�1�•�Ž�–�ž�›�œ�1�ý�Y�^].

• �Š�œ�1�’�—�“�Ž�Œ�•�Š�‹�•�Ž�1�‘�¢�•�›�˜�•�Ž�•�1�’�—�Œ�˜�›�™�˜�›�Š�•�’�—�•�1�Š�1�	�Š�•�˜�•�’�—�’�ž�–�1�������1�Š�•�Ž�—�•�1�•�˜�1�•�˜�•�•�˜� �1�’�•�œ�1�•�Ž�•�›�Š�•�Š�•�’�˜�—�1in 
vivo�1�ý�Y�[].

• �Š�œ�1�Š�•�“�ž�Ÿ�Š�—�•�1�•�˜�›�1�Ÿ�Š�Œ�Œ�’�—�Ž�œ�ð�1�•�˜�›�1�’�—�œ�•�Š�—�Œ�Ž�1�Š�•�Š�’�—�œ�•�1���Ž�œ�•�1���’�•�Ž�1�Ÿ�’�›�ž�œ�1�ý�Y�_].

• �•�˜�›�1�›�Š�™�’�•�1�‘�Ž�–�˜�œ�•�Š�œ�’�œ�1�ý�Z�V].
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�ý�Z�Y�þ�ð�1�Ÿ�Š�—�Œ�˜�–�¢�Œ�’�—�1�Š�—�•�1�Ÿ�’�•�Š�–�’�—�1���W�X�1�ý�Z�Z�þ�ð�1�•�Š�—�œ�‘�’�—�˜�—�Ž�œ�1�ý�Z�[�þ�ð�1�–�’�Œ�›�˜�������1�ý�Z�\], or proteins (e.g., 
�������ð�1���•�	�ü�1�ý�Z�]].

• �•�˜�›�1�’�–�–�˜�‹�’�•�’�£�Š�•�’�˜�—�1�˜�•�1�‹�’�˜�Œ�Š�•�Š�•�¢�œ�•�œ�1�•�˜�›�1�Œ�‘�Ž�–�’�Œ�Š�•�1�•�›�Š�—�œ�•�˜�›�–�Š�•�’�˜�—�œ�1�ý�Z�^].

• �•�˜�›�1�›�Ž�–�˜�Ÿ�Š�•�1�˜�•�1�•�˜�¡�’�Œ�1�•�¢�Ž�œ�1�Š�—�•�1�‘�Ž�Š�Ÿ�¢�1�–�Ž�•�Š�•�1�’�˜�—�œ�1�•�›�˜�–�1� �Š�œ�•�Ž�1� �Š�•�Ž�›�1�ý�Z�_].

• �•�˜�1�™�›�˜�•�ž�Œ�Ž�1�—�Š�—�˜�œ�•�›�ž�Œ�•�ž�›�Ž�•�1�œ�’�•�’�Œ�Š�1�ý�[�V�þ�1�˜�›�1�•�˜�1�Ž�—�Œ�Š�™�œ�ž�•�Š�•�Ž�1�Œ�Š�›�‹�˜�—�1�—�Š�—�˜�•�ž�‹�Ž�œ�1�ý�[�W].

• �Š�œ�1�Š�—�•�’�‹�Š�Œ�•�Ž�›�’�Š�•�1�‘�¢�•�›�˜�•�Ž�•�œ�1�ý�[�X�þ�ð�1�•�’�”�Ž�1�•�‘�Ž�1�X�V�,�–�Ž�›�1�������	�W�1�Š�•�Š�’�—�œ�•�1�–�Ž�•�‘�’�Œ�’�•�•�’�—�,�›�Ž�œ�’�œ�•�Š�—�•�1Staphy-
lococcus aureus�1�ý�[�Y], or �û���¢�œ�,���•�Ž�,�	�•�¢�,���•�Š�,���¢�œ�,���•�Ž�ü3�,���
 2�ð�1�Û�W�1���’�•�ž�›�Ž�1�X) against E. coli�1�ý�[�Z].
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• �
�¢�•�›�˜�–�Š�•�›�’�¡���� �ð�1�•�Ž�Ÿ�Ž�•�˜�™�Ž�•�1�‹�¢�1���’�•�–�Š�,���•�•�›�’�Œ�‘���1�û���Š�’�—�•�1���˜�ž�’�œ�ð�1�������ü�1�Š�œ�1�–�Ž�•�’�ž�–�1�•�˜�›�1�Œ�Ž�•�•�1�Œ�ž�•-
�•�ž�›�Ž�ï�1���‘�Ž�1�Š�Ÿ�Ž�›�Š�•�Ž�1�™�›�’�Œ�Ž�1�•�˜�1�™�›�Ž�™�Š�›�Ž�1�Š�1�[�1�–���1�œ�˜�•�ž�•�’�˜�—�1�û�V�ï�W�–�1� �&�Ÿ�ü�1�’�œ�1�Š�›�˜�ž�—�•�1�X�]�V�1�������1�ý�\�W].

• ���ž�›�Š���Š�•�›�’�¡���ð�1�•�Ž�Ÿ�Ž�•�˜�™�Ž�•�1�‹�¢�1�Y�,���1���Š�•�›�’�¡�1�	�›�˜�ž�™�1�û���˜�”�¢�˜�ð�1���Š�™�Š�—�ü�1�Š�œ�1�–�Ž�•�’�ž�–�1�•�˜�›�1�Œ�Ž�•�•�1�Œ�ž�•�•�ž�›�Ž�1�’�œ�1
�Š�1�W�\�,�–�Ž�›�1�û�œ�Ž�š�ž�Ž�—�Œ�Ž�1���Œ�,�û���›�•�,���•�Š�,���œ�™�,���•�Š�ü4�,���
 2, #2 ���’�•�ž�›�Ž�1�X). The average price to prepare 
�Š�1�[�1�–���1�œ�˜�•�ž�•�’�˜�—�1�û�V�ï�W�–�1� �&�Ÿ�ü�1�’�œ�1�Š�›�˜�ž�—�•�1�X�Y�V�1�������1�ý�\�X].

• ���Ž�™�•�’�•�Ž�•�ð�1 �•�Ž�Ÿ�Ž�•�˜�™�Ž�•�1 �‹�¢�1 ���Ž�™�•�’�	�Ž�•�1 ���Ž�œ�’�•�—�1 �û���‘�Ž�œ�‘�’�›�Ž�ð�1 ���
�ü�1 �Š�œ�1 �–�Ž�•�’�ž�–�1 �•�˜�›�1 �Œ�Ž�•�•�1 �Œ�ž�•�•�ž�›�Ž�ï�1 ���‘�Ž�1
�Š�Ÿ�Ž�›�Š�•�Ž�1�™�›�’�Œ�Ž�1�•�˜�1�™�›�Ž�™�Š�›�Ž�1�Š�1�W�1�–���1�œ�˜�•�ž�•�’�˜�—�1�’�œ�1�Š�›�˜�ž�—�•�1�W�Y�V�1�������1�ý�\�Y].
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�Š�Ÿ�Ž�›�Š�•�Ž�1�™�›�’�Œ�Ž�1�•�˜�1�™�›�Ž�™�Š�›�Ž�1�Š�1�\�1�–���1�œ�˜�•�ž�•�’�˜�—�1�û�V�ï�W�–�1� �&�Ÿ�ü�1�’�œ�1�Y�]�[�1�������1�ý�\�Z].

• ���ž�›�˜�•�˜�¡���1 �•�Ž�Œ�‘�—�˜�•�˜�•�¢�ð�1 �•�Ž�Ÿ�Ž�•�˜�™�Ž�•�1 �‹�¢�1 ���›�Ž�•�Ž�—�•�’�œ�1 �û���’�—�•�’�œ�Œ�‘�ð�1 ��� �’�5�Ž�›�•�Š�—�•�ü�1 �Š�œ�1 �™�›�˜�•�Ž�œ�œ�’�˜�—�Š�•�1
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�Š�1�•�˜�›�–�ž�•�Š�•�Ž�•�1�™�›�˜�•�ž�Œ�•�ï�1���‘�Ž�1�™�Ž�™�•�’�•�Ž�1�ž�œ�Ž�•�1�’�œ�1�Š�—�1�W�W�,�–�Ž�›�1�•�Ž�›�–�Ž�•�1���W�W�,�Z�1�û�œ�Ž�š�ž�Ž�—�Œ�Ž�1���Œ�,�	�•�—�,�	�•�—�,
���›�•�,���‘�Ž�,�	�•�ž�,���›�™�,�	�•�ž�,���‘�Ž�,�	�•�ž�,�	�•�—�,���
2�ð�1�Û�Y�1���’�•�ž�›�Ž�1�X�ü�1�ý�\�[].

���•�1�’�œ�1�Š�1�•�˜�˜�•�1�‹�Ž�•�1�•�‘�Š�•�1�•�‘�Ž�1�—�ž�–�‹�Ž�›�1�˜�•�1�Œ�˜�–�–�Ž�›�Œ�’�Š�•�•�¢�1�Š�Ÿ�Š�’�•�Š�‹�•�Ž�1�™�Ž�™�•�’�•�Ž�,�‹�Š�œ�Ž�•�1�‘�¢�•�›�˜�•�Ž�•�Š�•�˜�›�1� �’�•�•�1
increase in a near future.

���œ�1�•�Ž�œ�Œ�›�’�‹�Ž�•�1�‘�Ž�›�Ž�’�—�‹�Ž�•�˜�›�Ž�ð�1�Š�•�•�‘�˜�ž�•�‘�1�•�‘�Ž�1�X�V�1�—�Š�•�ž�›�Š�•�1�Š�–�’�—�˜�1�Š�Œ�’�•�œ�1�˜���Ž�›�1�Š�1�–�ž�•�•�’�•�ž�•�Ž�1�˜�•�1�Œ�˜�–�‹�’�—�Š-
tions, i.e�ï�ð�1�Š�1�–�ž�•�•�’�•�ž�•�Ž�1�˜�•�1�™�Ž�™�•�’�•�Ž�,�‹�Š�œ�Ž�•�1�‘�¢�•�›�˜�•�Ž�•�1�•�Ž�œ�’�•�—�œ�ð�1�•�‘�Ž�1�ž�œ�Ž�1�˜�•�1�–�˜�•�’���Ž�•�1�Š�—�•�1�—�˜�—�,�Œ�Š�—�˜�—-
�’�Œ�Š�•�1�Š�–�’�—�˜�,�Š�Œ�’�•�œ�1�•�›�Š�œ�•�’�Œ�Š�•�•�¢�1�œ�‘�˜�˜�•�œ�1�ž�™�1�•�‘�Ž�1�™�˜�œ�œ�’�‹�’�•�’�•�’�Ž�œ�1�Š�—�•�1�˜���Ž�›�œ�1�’�—���—�’�•�Ž�1�˜�™�™�˜�›�•�ž�—�’�•�’�Ž�œ�1�‹�˜�•�‘�1
�•�˜�1 �’�–�™�›�˜�Ÿ�Ž�1�•�‘�Ž�1 �Š�™�™�•�’�Œ�Š�•�’�˜�—�1� �’�—�•�˜� �1 �Š�—�•�1 �•�˜�1 ���—�Ž�,�•�ž�—�Ž�1�™�›�˜�™�Ž�›�•�’�Ž�œ�1�˜�•�1 �•�‘�Ž�1 �›�Ž�œ�ž�•�•�’�—�•�1 �‘�¢�•�›�˜�•�Ž�•�œ�ï�1
���‘�Ž�1�—�Ž�¡�•�1�™�Š�›�•�œ�1�˜�•�1�•�‘�’�œ�1�Œ�‘�Š�™�•�Ž�›�1�Š�›�Ž�1�•�Ž�•�’�Œ�Š�•�Ž�•�1�•�˜�1�•�‘�Ž�1�–�˜�•�’���Œ�Š�•�’�˜�—�œ�1�•�Ž�Ÿ�Ž�•�˜�™�Ž�•�1�•�˜�1�•�‘�’�œ�1�Ž�—�•�1�Š�—�•�1
illustrate the tremendous modularity of these materials.

���’�•�ž�›�Ž�1�X�ï�1Chemical structures of peptides forming hydrogels.
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���œ�1�•�’�œ�Œ�ž�œ�œ�Ž�•�1�‘�Ž�›�Ž�’�—�‹�Ž�•�˜�›�Ž�ð�1�•�Ž�•�Š�•�’�˜�—�1�™�›�˜�Œ�Ž�œ�œ�1�’�œ�1�•�ž�Ž�1�•�˜�1�™�Ž�™�•�’�•�Ž�1�œ�Ž�•�•�,�Š�œ�œ�Ž�–�‹�•�¢�ð�1�•�›�’�Ÿ�Ž�—�1�‹�¢�1�‘�¢�•�›�˜-
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�Š�Œ�’�•�œ�ü�ð�1�Š�—�•�1�™�Š�›�•�’�Š�•�•�¢�1�’�—�œ�˜�•�ž�‹�•�Ž�1�•�˜�1�•�˜�›�–�1���‹�Ž�›�œ�ï�1���‘�ž�œ�ð�1�Š�›�˜�–�Š�•�’�Œ�1�Š�–�’�—�˜�1�Š�Œ�’�•�œ�ð�1�–�Š�’�—�•�¢�1�™�‘�Ž�—�¢�•�Š�•�Š-
nine (���‘�Ž) and tyrosine (Y�ü�ð�1�Š�›�Ž�1�™�Ž�›�•�Ž�Œ�•�1�Œ�Š�—�•�’�•�Š�•�Ž�œ�1�•�˜�1�‹�Š�•�Š�—�Œ�Ž�1�•�‘�Ž�œ�Ž�1�Œ�˜�—�œ�•�›�Š�’�—�•�œ�ï�1���‘�’�œ�1�’�œ�1� �‘�¢�1
�Š�1�•�Š�›�•�Ž�1�–�Š�“�˜�›�’�•�¢�1�˜�•�1�•�‘�Ž�1�™�Ž�™�•�’�•�Ž�,�‹�Š�œ�Ž�•�1�•�Ž�•�Š�•�˜�›�œ�1�Š�›�Ž�1�Œ�˜�–�™�›�’�œ�Ž�•�1�˜�•�1�Ž�’�•�‘�Ž�›�1�•�‘�Ž�œ�Ž�1�Š�›�˜�–�Š�•�’�Œ�1�Š�–�’�—�˜�1
acids or other aromatic moieties.

���–�˜�—�•�1 �•�‘�Ž�–�ð�1 �’�•�1 �’�œ�1 �—�˜�•�1 �ž�—�Œ�˜�–�–�˜�—�1 �•�˜�1 �˜�‹�œ�Ž�›�Ÿ�Ž�1 �•�‘�Ž�1 �™�›�Ž�œ�Ž�—�Œ�Ž�1 �˜�•�1 �Š�1 �™�›�˜�•�Ž�Œ�•�’�—�•�1 �•�›�˜�ž�™�1 �Š�•�1 �•�‘�Ž�1
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reported one, functionalizing peptide chains from one amino acid ( e.g., Fmoc-���‘�Ž�ð�1�Û�Z�1���’�•�ž�›�Ž�1�Y), 
to two (e.g., ���–�˜�Œ�,�	�•�¢�,���Ž�›�ð�1�Û�[�1���’�•�ž�›�Ž�1�Y), four (e.g., ���–�˜�Œ�,���‘�Ž�,���›�•�,�	�•�¢�,���œ�™�ð�1�Û�\�1���’�•�ž�›�Ž�1�Y), and 
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���–�˜�Œ�1�–�˜�’�Ž�•�¢�1�ý�\�\, �\�]]. Another phenyl group was introduced via a cinnamoyl at the N-terminus 
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compared to the ���–�˜�Œ�,���‘�Ž�1�Š�—�Š�•�˜�•�1�û�W�ï�V�–�1�Ÿ�Ž�›�œ�ž�œ�1�V�ï�Y�–�1� �&�Ÿ�ð�1�›�Ž�œ�™�Ž�Œ�•�’�Ÿ�Ž�•�¢�ü�1�ý�\�]]. Addition of naph -
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�™�‘�˜�•�˜�œ�Ž�—�œ�’�•�’�Ÿ�Ž�1�Š�£�˜�‹�Ž�—�£�Ž�—�Ž�1�û�Û�W�]�1���’�•�ž�›�Ž�1�Y�ü�1�ý�]�[�þ�ï�1���—�1�•�‘�’�œ�1�•�Š�4�Ž�›�ð�1�Š�—�1���1�Œ�˜�—�•�˜�›�–�Š�•�’�˜�—�1�•�Ž�Š�•�œ�1�•�˜�1�‘�¢�•�›�˜-
�•�Ž�•�1�•�˜�›�–�Š�•�’�˜�—�ð�1� �‘�’�•�Ž�1�•�‘�Ž�1�™�‘�˜�•�˜�,�’�—�•�ž�Œ�Ž�•�1�’�œ�˜�–�Ž�›�’�£�Š�•�’�˜�—�1�˜�•�1�•�‘�Ž�1�•�˜�ž�‹�•�Ž�,�‹�˜�—�•�1�•�˜�1�Š�1���1�˜�—�Ž�1�•�›�’�•�•�Ž�›�œ�1�Š�1
phase change (i.e�ï�ð�1�Š�1�•�’�š�ž�’�•�1�’�œ�1�•�‘�ž�œ�1�˜�‹�•�Š�’�—�Ž�•�ü�ï

Another approach consists to graft a long alkyl chain at the N-terminus to form an amphiphilic 
�‘�¢�‹�›�’�•�1�–�˜�•�Ž�Œ�ž�•�Ž�1�Œ�˜�–�™�›�’�œ�Ž�•�1�˜�•�1�‹�˜�•�‘�1�Š�1�‘�¢�•�›�˜�™�‘�’�•�’�Œ�1�û�™�Ž�™�•�’�•�Ž�1�‘�Ž�Š�•�ü�1�Š�—�•�1�Š�1�‘�¢�•�›�˜�™�‘�˜�‹�’�Œ�1�™�Š�›�•�œ�1�û�Š�•�”�¢�•�1
tail). For instance, ���
 3�û���
 2)14�,�����,�	�•�¢�,�	�•�¢�,�	�•�¢�,���Ž�›�,���Ž�›�,���›�˜�,�
�’�œ�,���Ž�›�,���›�•�,���œ�—�,�û���Ž�›�,�	�•�¢�ü5�,���›�•�,
�	�•�¢�,���œ�™�,���Ž�›�,���›�˜�1�•�˜�›�–�œ�1�Š�1�œ�•�Š�‹�•�Ž�1�‘�¢�•�›�˜�•�Ž�•�1�•�›�˜�–�1�Š�1�–�’�—�’�–�ž�–�1�•�Ž�•�Š�•�’�˜�—�1�Œ�˜�—�Œ�Ž�—�•�›�Š�•�’�˜�—�1�˜�•�1�Å�W�ï�Z�–�1� �&�Ÿ�1
�ý�]�\�þ�ï�1���‘�’�œ�1�•�Š�4�Ž�›�1�Œ�˜�—�•�Š�’�—�œ�1�Š�1�Œ�Ž�•�•�1�Š�4�Š�Œ�‘�–�Ž�—�•�1�œ�’�•�Ž�ð�1�•�‘�Ž�1�œ�˜�,�Œ�Š�•�•�Ž�•�1���›�•�,�	�•�¢�,���œ�™�1�û�˜�›�1���	���ü�1�•�›�’�™�Ž�™�•�’�•�Ž�ð�1
�–�Š�”�’�—�•�1 �•�‘�Ž�1 �›�Ž�œ�ž�•�•�’�—�•�1 �‘�¢�•�›�˜�•�Ž�•�1 �Š�1 �•�˜�˜�•�1 �Œ�Š�—�•�’�•�Š�•�Ž�1 �•�˜�›�1 �•�˜�—�•�,�•�Ž�›�–�1 �‘�ž�–�Š�—�1 �ž�–�‹�’�•�’�Œ�Š�•�1 �Ÿ�Ž�’�—�1 �Ž�—�•�˜-
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thelial cell adhesion and proliferation. According to this model, other amphiphilic peptides 
�Œ�˜�—�•�Š�’�—�’�—�•�1 �Š�•�”�¢�•�1 �Œ�‘�Š�’�—�œ�1 � �Ž�›�Ž�1 �•�Ž�œ�’�•�—�Ž�•�1 �ý�]�], �]� ]̂, including ���
 3�û���
 2)14�,�����,�	�•�¢�,���‘�›�,���•�Š�,�	�•�¢�,
���Ž�ž�,���•�Ž�,�	�•�¢�,�	�•�—�,�	�•�ž�,���›�•�,�	�•�¢�,���œ�™�,���Ž�›�1 �û�Û�W�^�1���’�•�ž�›�Ž�1 �Z�ü�1 �ý�]�_] and ���
 3�û���
 2)14�,�����,���Š�•�,���Š�•�,���Š�•�,
���•�Š�,���•�Š�,���•�Š�,�	�•�ž�,�	�•�ž�,�	�•�ž�1 �û�Û�W�_�1���’�•�ž�›�Ž�1 �Z�ü�1 �ý�^�V�þ�ï�1 ���—�1�™�Š�›�Š�•�•�Ž�•�ð�1 �’�—�—�˜�Ÿ�Š�•�’�Ÿ�Ž�1 �Š�—�•�’�‹�Š�Œ�•�Ž�›�’�Š�•�1 �‘�¢�•�›�˜�•�Ž�•�œ�1

���’�•�ž�›�Ž�1�Y�ï�1���‘�Ž�–�’�Œ�Š�•�1�œ�•�›�ž�Œ�•�ž�›�Ž�œ�1�˜�•�1�‘�¢�•�›�˜�•�Ž�•�,�•�˜�›�–�’�—�•�1�™�Ž�™�•�’�•�Ž�œ�1� �’�•�‘�1���,�•�Ž�›�–�’�—�Š�•�1�–�˜�•�’���Œ�Š�•�’�˜�—�œ�ï
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were developed from peptides in which the nitrogen of the N-terminus was quaternalized, 
promoting the in situ�1�œ�¢�—�•�‘�Ž�œ�’�œ�1�˜�•�1�•�˜�•�•�1�—�Š�—�˜�™�Š�›�•�’�Œ�ž�•�Ž�œ�1�û�Û�X�V�ð�1�X�W�1���’�•�ž�›�Ž�1�Z�ü�1�ý�]�^, �^�W–�^�Y�þ�ï�1���—�1�˜�›�•�Ž�›�1�•�˜�1
�•�Š�Ÿ�˜�›�1�œ�Ž�•�•�,�Š�œ�œ�Ž�–�‹�•�¢�1�˜�•�1�™�Ž�™�•�’�•�Ž�œ�ð�1�Š�•�•�’�•�’�˜�—�1�˜�•�1�—�ž�Œ�•�Ž�˜�‹�Š�œ�Ž�œ�1� �Š�œ�1�’�—�Ÿ�Ž�œ�•�’�•�Š�•�Ž�•�1�Š�—�•�1�•�Ž�–�˜�—�œ�•�›�Š�•�Ž�•�1
�™�›�˜�–�’�œ�’�—�•�1�›�Ž�œ�ž�•�•�œ�1�•�˜�1�•�Ž�Ÿ�Ž�•�˜�™�1�‹�’�˜�Œ�˜�–�™�Š�•�’�‹�•�Ž�1�‘�¢�•�›�˜�•�Ž�•�œ�1�û�Û�X�X�ð�1�X�Y�1���’�•�ž�›�Ž�1�Z�ü�1�ý�^�Z, �^�[]. Acetylation of 
�•�‘�Ž�1�•�Ž�›�–�’�—�Š�•�1�™�›�’�–�Š�›�¢�1�Š�–�’�—�Ž�1�’�œ�1�Š�™�™�•�’�Ž�•�1�’�—�1�œ�˜�–�Ž�1�Œ�Š�œ�Ž�œ�1�ý�^�\�þ�ð�1�œ�ž�Œ�‘�1�Š�œ�1�•�˜�›�1�•�‘�Ž�1�•�Ž�œ�’�•�—�1�˜�•�1�•�‘�Ž�1�Ž���Œ�’�Ž�—�•�1
�
�����W�X�1�•�˜�›�1�Œ�Š�›�•�’�•�Š�•�Ž�1�•�’�œ�œ�ž�Ž�1�›�Ž�™�Š�’�›�1�û�Û�X�Z�1���’�•�ž�›�Ž�1�Z�ü�1�ý�^�], �^�]̂. Last of all, several hydrogelators are 
composed of a non-aromatic tert�,�‹�ž�•�¢�•�˜�¡�¢�Œ�Š�›�‹�˜�—�¢�•�1�û���˜�Œ�ü�1�™�›�˜�•�Ž�Œ�•�’�—�•�1�•�›�˜�ž�™�1�Š�•�1�•�‘�Ž�’�›�1���,�•�Ž�›�–�’�—�ž�œ�ð�1
�Š�—�—�’�‘�’�•�Š�•�’�—�•�1�•�‘�Ž�1�Œ�‘�Š�›�•�Ž�1�˜�•�1�•�‘�Ž�1�Š�–�’�—�Ž�1�•�›�˜�ž�™�ï�1���—�1�•�‘�’�œ�1�Œ�Š�œ�Ž�ð�1�•�‘�Ž�1�›�Ž�œ�ž�•�•�’�—�•�1�™�Ž�™�•�’�•�Ž�œ�1�Š�›�Ž�1� �Ž�Š�”�•�¢�1� �Š�•�Ž�›�1
�œ�˜�•�ž�‹�•�Ž�1�Š�—�•�1�˜�•�•�Ž�—�1���—�•�1�Š�™�™�•�’�Œ�Š�•�’�˜�—�œ�1�Š�œ�1�˜�›�•�Š�—�˜�•�Ž�•�œ�1�’�—�œ�•�Ž�Š�•�1�˜�•�1�‘�¢�•�›�˜�•�Ž�•�œ�1�ý�^�_–�_�X]. However, Baral 
�Ž�•�1 �Š�•�ï�1 �œ�‘�˜� �1 �’�•�œ�1 �’�—�•�Ž�›�Ž�œ�•�1 �’�—�1 �•�‘�Ž�1 �•�˜�›�–�Š�•�’�˜�—�1 �˜�•�1 �œ�•�Š�‹�•�Ž�1 �Š�—�•�’�‹�Š�Œ�•�Ž�›�’�Š�•�1 �‘�¢�•�›�˜�•�Ž�•�œ�1 �û�Û�X�[�1���’�•�ž�›�Ž�1 �Z�ü�1 �ý�_�Y]. 
���ž�—�Œ�•�’�˜�—�Š�•�’�£�Š�•�’�˜�—�œ�1� �’�•�‘�1�•�Ž�•�›�Š�Ž�•�‘�¢�•�Ž�—�Ž�1�•�•�¢�Œ�˜�•�1�ý�_�Z�þ�1�˜�›�1�™�˜�•�¢�Ž�•�‘�¢�•�Ž�—�Ž�1�•�•�¢�Œ�˜�•�1�ý�_�[] are also reported 
�Š�—�•�1�’�—�Œ�›�Ž�Š�œ�Ž�1�œ�’�•�—�’���Œ�Š�—�•�•�¢�1�•�‘�Ž�1�•�•�˜�‹�Š�•�1� �Š�•�Ž�›�1�œ�˜�•�ž�‹�’�•�’�•�¢�1�˜�•�1�•�‘�Ž�1�™�Ž�™�•�’�•�Ž�1�û�Û�X�\�1���’�•�ž�›�Ž�1�Z).

���Ž�•�Š�›�•�’�—�•�1�•�‘�Ž�1���,�•�Ž�›�–�’�—�ž�œ�ð�1� �‘�’�•�Ž�1�—�Ž�ž�•�›�Š�•�’�£�Š�•�’�˜�—�1�˜�•�1�•�‘�Ž�1�Œ�Š�›�‹�˜�¡�¢�•�’�Œ�1�Š�Œ�’�•�1�•�‘�Š�—�”�œ�1�•�˜�1�’�•�œ�1�œ�ž�‹�œ�•�’�•�ž-
�•�’�˜�—�1�‹�¢�1�Š�—�1�Ž�œ�•�Ž�›�1�û�–�˜�œ�•�•�¢�1�–�Ž�•�‘�¢�•�1�Š�—�•�1�Ž�•�‘�¢�•�1�Ž�œ�•�Ž�›�œ�ü�1�ý�^�_–�_�X] is widely used to favor organogels, 
�˜�—�•�¢�1�•�Ž� �1�–�˜�•�’���Œ�Š�•�’�˜�—�œ�1�Š�›�Ž�1�›�Ž�™�˜�›�•�Ž�•�1�•�˜�›�1�‘�¢�•�›�˜�•�Ž�•�œ�ï�1���—�•�Ž�Ž�•�ð�1�•�‘�Ž�1�Š�Œ�’�•�’�Œ�1�•�›�˜�ž�™�1�™�•�Š�¢�œ�1�Š�1�™�’�Ÿ�˜�•�Š�•�1
�›�˜�•�Ž�1 �’�—�1 �•�‘�Ž�1 �™�Ž�™�•�’�•�Ž�1 �œ�Ž�•�•�,�Š�œ�œ�Ž�–�‹�•�¢�1 �Š�—�•�1 �œ�˜�•�ž�‹�’�•�’�£�Š�•�’�˜�—�1 �’�—�1 �Š�š�ž�Ž�˜�ž�œ�1 �œ�˜�•�Ÿ�Ž�—�•�ï�1 ���˜�—�Ÿ�Ž�›�œ�’�˜�—�1 �˜�•�1 �•�‘�Ž�1
�Œ�Š�›�‹�˜�¡�¢�•�’�Œ�1�Š�Œ�’�•�1 �•�˜�1 �•�‘�Ž�1�Œ�˜�›�›�Ž�œ�™�˜�—�•�’�—�•�1�Š�–�’�•�Ž�1�ûi.e., amidation) is well documented and tends 
�•�˜� �Š�›�•�1�•�Š�œ�•�Ž�›�1�‘�¢�•�›�˜�•�Ž�•�1�•�˜�›�–�Š�•�’�˜�—�1�ý�_�\–�_�_�þ�ð�1�‹�ž�•�1� �’�•�‘�1� �Ž�Š�”�Ž�›�1�›�’�•�’�•�’�•�¢�1�ý�W�V�V�þ�ï�1���Ž�™�•�’�•�Ž�œ�1���W�W�,���1�û�Û�X�]�1
���’�•�ž�›�Ž�1 �[�ü�1 �ý�W�V�W] and ���Œ�,���¢�œ�,�û���‘�Ž�,���¢�œ�,���‘�Ž�,�	�•�ž�ü2�,���¢�œ�,�	�•�¢�,���
2�1 �û�Û�X�^�1���’�•�ž�›�Ž�1 �[�ü�1 �ý�W�V�X�þ�1 �Œ�Š�—�1 �‹�Ž�1
�Œ�’�•�Ž�•�1�Š�œ�1�Ž�¡�Š�–�™�•�Ž�œ�ï

���’�•�ž�›�Ž�1�Z�ï�1���‘�Ž�–�’�Œ�Š�•�1�œ�•�›�ž�Œ�•�ž�›�Ž�œ�1�˜�•�1�‘�¢�•�›�˜�•�Ž�•�,�•�˜�›�–�’�—�•�1�™�Ž�™�•�’�•�Ž�œ�1� �’�•�‘�1���,�•�Ž�›�–�’�—�Š�•�1�–�˜�•�’���Œ�Š�•�’�˜�—�œ�1�ûpanel two).
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���Ž�œ�’�•�Ž�œ�ð�1�–�˜�›�Ž�1�Š�—�Ž�Œ�•�˜�•�Š�•�1���,�•�Ž�›�–�’�—�ž�œ�1�–�˜�•�’���Œ�Š�•�’�˜�—�œ�1� �Ž�›�Ž�1�Ž�¡�™�Ž�›�’�–�Ž�—�•�Ž�•�ð�1�’�—�Œ�•�ž�•�’�—�•�1�™�¢�›�’�•�’�—�’�ž�–�1
moieties (e.g�ï�ð�1�Û�X�_�1���’�•�ž�›�Ž�1�[�ü�1�ý�W�V�Y�þ�ð�1�•�‘�’�˜�•�1�Ž�•�‘�¢�•�1�Š�–�’�•�Ž�œ�1�û�Û�Y�V�1���’�•�ž�›�Ž�1�[�ü�1�ý�W�V�Z], tetraethylene glycol 
�ý�_�Z�þ�1�˜�›�1�™�˜�•�¢�Ž�•�‘�¢�•�Ž�—�Ž�1�•�•�¢�Œ�˜�•�1�ý�_�[�þ�ð�1�”�Š�—�Š�–�¢�Œ�’�—�1�û�Š�—�1�Š�–�’�—�˜�•�•�¢�Œ�˜�œ�’�•�Ž�1�Š�—�•�’�‹�’�˜�•�’�Œ�ü�ð�1�˜�›�1�•�•�¢�Œ�˜�œ�’�•�Ž�1�û�Û�Y�W�1
���’�•�ž�›�Ž�1�[�ü�1�ý�^�[].

�X�ï�X�ï�1���—�œ�Ž�›�•�’�˜�—�1�˜�•�1�˜�›�•�Š�—�’�Œ�1�–�˜�’�Ž�•�’�Ž�œ�1�’�—�œ�’�•�Ž�1�•�‘�Ž�1�Š�–�’�—�˜�1�Š�Œ�’�•�1�œ�Ž�š�ž�Ž�—�Œ�Ž�œ

���—�˜�•�‘�Ž�›�1 � �Š�¢�1 �•�˜�1 �’�–�™�›�˜�Ÿ�Ž�1 �‘�¢�•�›�˜�•�Ž�•�Š�•�’�˜�—�1 �Š�—�•�&�˜�›�1 �•�˜�1 �Š�•�•�1 �™�›�˜�™�Ž�›�•�’�Ž�œ�1 �•�˜�1 �•�‘�Ž�1 �›�Ž�œ�ž�•�•�’�—�•�1 �•�Ž�•�1 �Œ�˜�—-
sists to introduce an organic moiety inside the amino acid sequence. Thus, alkyl chains were 
�’�—�œ�Ž�›�•�Ž�•�1�‹�Ž�•� �Ž�Ž�—�1�•� �˜�1�œ�Ž�š�ž�Ž�—�Œ�Ž�œ�1�˜�•�1�˜�—�Ž�1�˜�›�1�•� �˜�1�Š�–�’�—�˜�1�Š�Œ�’�•�œ�1�•�˜�1�•�˜�›�–�1�Š�1�‹�˜�•�Š�Š�–�™�‘�’�™�‘�’�•�’�Œ�1�–�˜�•-
�Ž�Œ�ž�•�Ž�1�ý�]�Y�þ�ï�1���—�•�Ž�Ž�•�ð�1�•�‘�Ž�œ�Ž�1�œ�¢�œ�•�Ž�–�œ�1�Š�›�Ž�1�Œ�˜�–�™�›�’�œ�Ž�•�1�˜�•�1�Š�1�‘�¢�•�›�˜�™�‘�˜�‹�’�Œ�1�Œ�˜�›�Ž�1�ûi.e., the alkyl chain), 
�•� �’�Œ�Ž�1�•�ž�—�Œ�•�’�˜�—�Š�•�’�£�Ž�•�1�Š�•�1�‹�˜�•�‘�1�Ž�¡�•�›�Ž�–�’�•�’�Ž�œ�1�‹�¢�1�‘�¢�•�›�˜�™�‘�’�•�’�Œ�1�Š�–�’�—�˜�1�Š�Œ�’�•�œ�1�û�Û�Y�X�1���’�•�ž�›�Ž�1�\�ü�1�ý�W�V�[�þ�ï�1���‘�’�•�Ž�1
�œ�Ž�Ÿ�Ž�›�Š�•�1 �”�’�—�•�œ�1 �˜�•�1 �Š�•�•�›�Ž�•�Š�•�Ž�œ�1 �Š�›�Ž�1 �˜�‹�œ�Ž�›�Ÿ�Ž�•�1 �•�˜�›�1 �œ�‘�˜�›�•�1 �Š�•�”�¢�•�1 �Œ�‘�Š�’�—�œ�1 �ûe.g., vesicles), longer ones 
�•�Š�Ÿ�˜�›�1�‘�¢�•�›�˜�•�Ž�•�1�•�˜�›�–�Š�•�’�˜�—�ï�1���˜�›�1�’�—�œ�•�Š�—�Œ�Ž�ð�1� �’�•�‘�1�•�‘�Ž�1�™�›�Ž�œ�Ž�—�Œ�Ž�1�˜�•�1�•� �˜�1�‘�’�œ�•�’�•�’�—�Ž�œ�1�˜�—�1�Ž�Š�Œ�‘�1�œ�’�•�Ž�1�û�Û�Y�Y�1
���’�•�ž�›�Ž�1�\), optimal length of the alkyl spacer is of 20 methylene groups; in contrast, a length 
�˜�•�1 �W�V�1�˜�›�1 �W�X�1�–�Ž�•�‘�¢�•�Ž�—�Ž�1�•�Ž�Š�•�œ�1�•�˜�1 �•�˜�˜�1 �œ�˜�•�ž�‹�•�Ž�1�–�˜�•�Ž�Œ�ž�•�Ž�œ�1�ž�—�Š�‹�•�Ž�1�•�˜�1 �œ�Ž�•�•�,�Š�œ�œ�Ž�–�‹�•�Ž�1�•�˜�1 �•�˜�›�–�1�Š�1�•�Ž�•�1
�ý�W�V�\�þ�ï�1���’�–�’�•�Š�›�•�¢�ð�1�ž�—�œ�Š�•�ž�›�Š�•�Ž�•�1�‘�¢�•�›�˜�Œ�Š�›�‹�˜�—�1�Œ�‘�Š�’�—�œ�1� �Ž�›�Ž�1�ž�œ�Ž�•�ð�1�•�’�”�Ž�1�•�’�Š�Œ�Ž�•�¢�•�Ž�—�Ž�1�ž�—�’�•�œ�1�•�ž�—�Œ�•�’�˜�—�Š�•-
�’�£�Ž�•�1�‹�¢�1�•� �˜�1�•�Ž�•�›�Š�™�Ž�™�•�’�•�Ž�œ�1�˜�—�1�Ž�Š�Œ�‘�1�Ž�¡�•�›�Ž�–�’�•�¢�ï�1���‘�’�œ�1�œ�•�›�Š�•�Ž�•�¢�1�’�œ�1�’�—�•�Ž�—�’�˜�ž�œ�1�‹�Ž�Œ�Š�ž�œ�Ž�1�’�•�1�˜���Ž�›�œ�1�•�‘�Ž�1
�™�˜�œ�œ�’�‹�’�•�’�•�¢�1�•�˜�1�Š�•�•�1�Œ�˜�Ÿ�Š�•�Ž�—�•�1�•�’�—�”�œ�1�‹�Ž�•� �Ž�Ž�—�1�•�‘�Ž�1�™�Ž�™�•�’�•�Ž�,�•�˜�›�–�’�—�•�1�‘�¢�•�›�˜�•�Ž�•�œ�1�û�Û�Y�Z�ð�1�Y�[�1���’�•�ž�›�Ž�1�\). 
���—�•�Ž�Ž�•�ð�1�•�‘�Ž�œ�Ž�1�–�Š�•�Ž�›�’�Š�•�œ�1�Š�›�Ž�1�œ�’�–�ž�•�•�Š�—�Ž�˜�ž�œ�•�¢�1�™�‘�¢�œ�’�Œ�Š�•�1�ûi.e�ï�ð�1�‹�¢�1�™�Ž�™�•�’�•�Ž�1�œ�Ž�•�•�,�Š�œ�œ�Ž�–�‹�•�¢�ü�1�Š�—�•�1�Œ�‘�Ž�–-
ical (i.e�ï�ð�1�Œ�‘�Ž�–�’�Œ�Š�•�1�‹�˜�—�•�œ�1�˜�‹�•�Š�’�—�Ž�•�1�Š�•�•�Ž�›�1�™�˜�•�¢�–�Ž�›�’�£�Š�•�’�˜�—�ü�1�‘�¢�•�›�˜�•�Ž�•�œ�ð�1�œ�’�–�™�•�¢�1�˜�‹�•�Š�’�—�Ž�•�1�‹�¢�1�����1
�›�Š�•�’�Š�•�’�˜�—�œ�1�û�X�[�Z�1�—�–�ð�1�Z�1���ð�1�Y�V�1�–�’�—�ü�1�ý�W�V�]].

���œ�1�•�Ž�œ�Œ�›�’�‹�Ž�•�1�‘�Ž�›�Ž�’�—�‹�Ž�•�˜�›�Ž�ð�1�Š�›�˜�–�Š�•�’�Œ�1�–�˜�’�Ž�•�’�Ž�œ�1�™�•�Š�¢�1�Š�1�™�’�Ÿ�˜�•�Š�•�1�›�˜�•�Ž�1�’�—�1�•�‘�Ž�1�™�Ž�™�•�’�•�Ž�1�œ�Ž�•�•�,�Š�œ�œ�Ž�–�‹�•�¢�1
�–�Ž�Œ�‘�Š�—�’�œ�–�1�Š�—�•�1� �Ž�›�Ž�1�Œ�˜�—�œ�’�•�Ž�›�Ž�•�1�Š�œ�1�Ž���Œ�’�Ž�—�•�1�˜�›�•�Š�—�’�Œ�1�‹�•�˜�Œ�”�œ�1�•�˜�1�‹�Ž�1�’�—�œ�Ž�›�•�Ž�•�1�’�—�œ�’�•�Ž�1�Š�—�1�Š�–�’�—�˜�1
�Š�Œ�’�•�1 �Œ�‘�Š�’�—�ï�1 ���–�˜�—�•�1 �•�‘�Ž�–�ð�1 �‹�˜�•�‘�1 �—�Š�™�‘�•�‘�Š�•�Ž�—�Ž�1 �Š�—�•�1 �™�Ž�›�¢�•�Ž�—�Ž�1 �û�Û�Y�\�1���’�•�ž�›�Ž�1 �\) diimines demon -
�œ�•�›�Š�•�Ž�•�1�•�˜�˜�•�1�›�Ž�œ�ž�•�•�œ�ð�1�Ž�Ÿ�Ž�—�1�’�•�1�•�‘�Ž�’�›�1�œ�¢�—�•�‘�Ž�œ�Ž�œ�1� �Ž�›�Ž�1�•�’�–�’�•�Ž�•�1�‹�¢�1�–�˜�•�Ž�œ�•�1�¢�’�Ž�•�•�œ�1�ý�W�V�^]. However, the 
�œ�Š�–�Ž�1�Š�ž�•�‘�˜�›�œ�1�•�Ž�œ�Œ�›�’�‹�Ž�•�1�Ž���Œ�’�Ž�—�•�1�™�Ž�™�•�’�•�Ž�,�‹�Š�œ�Ž�•�1�‘�¢�•�›�˜�•�Ž�•�Š�•�˜�›�œ�1�Œ�˜�–�™�›�’�œ�Ž�•�1�˜�•�1�˜�•�’�•�˜�™�‘�Ž�—�¢�•�Ž�—�Ž�œ�ð�1
�˜�•�’�•�˜�™�‘�Ž�—�¢�•�Ž�—�Ž�1�Ÿ�’�—�¢�•�Ž�—�Ž�œ�1�û�Û�Y�]�1���’�•�ž�›�Ž�1�\�ü�1�ý�W�V�_�þ�ð�1�˜�›�1�˜�•�’�•�˜�•�‘�’�˜�™�‘�Ž�—�Ž�œ�1�û�Û�Y�^�1���’�•�ž�›�Ž�1�\).

���’�•�ž�›�Ž�1�[�ï�1���‘�Ž�–�’�Œ�Š�•�1�œ�•�›�ž�Œ�•�ž�›�Ž�œ�1�˜�•�1�‘�¢�•�›�˜�•�Ž�•�,�•�˜�›�–�’�—�•�1�™�Ž�™�•�’�•�Ž�œ�1� �’�•�‘�1���,�•�Ž�›�–�’�—�Š�•�1�–�˜�•�’���Œ�Š�•�’�˜�—�œ�ï
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These systems are also very interesting specimens thanks to their photoluminescence prop-
�Ž�›�•�’�Ž�œ�1 �•�ž�Ž�1 �•�˜�1 �•�‘�Ž�’�›�1 �•�Š�›�•�Ž�1 �”�,�Œ�˜�—�“�ž�•�Š�•�Ž�•�1 �œ�ž�›�•�Š�Œ�Ž�œ�1 �ý�W�V�^, �W�W�V, �W�W�W]. Last of all, formation of a 
�•�’�œ�ž�•���•�Ž�1�‹�˜�—�•�1�’�—�œ�’�•�Ž�1�Š�1�œ�Ž�š�ž�Ž�—�Œ�Ž�ð�1�–�Š�’�—�•�¢�1�‹�Ž�•� �Ž�Ž�—�1�•� �˜�1 �Œ�¢�œ�•�Ž�’�—�Ž�œ�ð�1�’�œ�1�Š�—�1�Ž�Š�œ�¢�1� �Š�¢�1�•�˜�1 �•�ž�—�Œ-
�•�’�˜�—�Š�•�’�£�Ž�1�‘�¢�•�›�˜�•�Ž�•�Š�•�˜�›�œ�ï�1���Ž�œ�’�•�Ž�œ�ð�1�•�’�œ�ž�•���•�Ž�1�‹�˜�—�•�1�’�œ�1�˜�•�•�Ž�—�1�Š�œ�œ�˜�Œ�’�Š�•�Ž�•�1� �’�•�‘�1 �™�›�˜�•�Ž�’�—�1�Š�—�•�1�™�Ž�™-
�•�’�•�Ž�1�œ�Ž�•�•�,�Š�œ�œ�Ž�–�‹�•�¢�1�ý�W�W�X, �W�W�Y�þ�ð�1� �‘�’�Œ�‘�1�™�•�Š�¢�œ�1�Š�1�•�ž�—�•�Š�–�Ž�—�•�Š�•�1�›�˜�•�Ž�1�’�—�1�•�‘�Ž�1�™�Ž�™�•�’�•�Ž�,�‹�Š�œ�Ž�•�1�•�Ž�•�Š�•�’�˜�—�1
process.

���’�•�ž�›�Ž�1�\�ï�1Chemical structures of hydrogel-forming peptides with organic moieties inserted into.
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�Y�ï�1���œ�’�—�•�1�—�˜�—�,�Œ�Š�—�˜�—�’�Œ�Š�•�1�Š�—�•�1�–�˜�•�’���Ž�•�1�Š�–�’�—�˜�1�Š�Œ�’�•�œ�1�•�˜�1�•�ž�—�Ž�1�™�Ž�™�•�’�•�Ž�,�‹�Š�œ�Ž�•�1
�‘�¢�•�›�˜�•�Ž�•�1�™�›�˜�™�Ž�›�•�’�Ž�œ

�Y�ï�W�ï�1���–�™�Š�Œ�•�1�˜�•�1���,�Š�–�’�—�˜�1�Š�Œ�’�•�œ�1�˜�—�1�•�‘�Ž�1�™�Ž�™�•�’�•�Ž�,�‹�Š�œ�Ž�•�1�‘�¢�•�›�˜�•�Ž�•�1�™�›�˜�™�Ž�›�•�’�Ž�œ

���—�1 �‹�’�˜�•�˜�•�’�Œ�Š�•�1 �˜�›�•�Š�—�’�œ�–�ð�1 �•�‘�Ž�1 �˜�Ÿ�Ž�›� �‘�Ž�•�–�’�—�•�1 �–�Š�“�˜�›�’�•�¢�1 �˜�•�1 �•�‘�Ž�1 �—�Š�•�ž�›�Š�•�1 �™�›�˜�•�Ž�’�—�œ�1 �Š�›�Ž�1 �Ž�¡�Œ�•�ž�œ�’�Ÿ�Ž�•�¢�1
composed of amino acids in their L-enantiomer forms. However, the chiral equivalents, i.e., 
���,�Ž�—�Š�—�•�’�˜�–�Ž�›�œ�1 � �’�•�‘�1 �Š�1 �›�Ž�Ÿ�Ž�›�œ�Ž�1 �Œ�‘�Ž�–�’�Œ�Š�•�1 �Œ�˜�—���•�ž�›�Š�•�’�˜�—�1 �û���’�•�ž�›�Ž�1 �]��), are present in several 
�Œ�Š�œ�Ž�œ�ï�1���˜�›�1�’�—�œ�•�Š�—�Œ�Ž�ð�1�•�‘�Ž�1���,�Š�–�’�—�˜�1�Š�Œ�’�•�œ�1�Š�›�Ž�1�•�˜�ž�—�•�1�’�—�1�‹�Š�Œ�•�Ž�›�’�Š�1�’�—�1� �‘�’�Œ�‘�1���,�Š�•�Š�—�’�—�Ž�ð�1���,�Š�œ�™�Š�›�•�’�Œ�ð�1
and D-glutamic acids are essential constituents for the synthesis of the peptidoglycan, form-
�’�—�•�1 �•�‘�Ž�1 �‹�Š�Œ�•�Ž�›�’�Š�1 �Œ�Ž�•�•�1 � �Š�•�•�ï�1 ���Ž�Ÿ�Ž�›�Š�•�1 �Š�—�•�’�‹�’�˜�•�’�Œ�œ�1�Š�•�œ�˜�1 �Œ�˜�—�•�Š�’�—�1�Š�1 ���,�Š�–�’�—�˜�1 �Š�Œ�’�•�ð�1 �•�’�”�Ž�1 �™�Ž�—�’�Œ�’�•�•�’�—�1�	�1
(�ˆ�,�û���,�…�,�Š�–�’�—�˜�Š�•�’�™�¢�•�ü�,���,���¢�œ�,���, ���Š�•�ü�ð�1�•�›�Š�–�’�Œ�’�•�’�—�ð�1�Š�Œ�•�’�—�˜�–�¢�Œ�’�—�ð�1�˜�›�1�™�˜�•�¢�–�¢�¡�’�—�œ�1�ý�W�W�Z]. Not limited 
to prokaryotes, D-amino acids were also isolated from eukaryotic tissue, including dermo -
�™�‘�’�—�1�•�›�˜�–�1�•�›�˜�•�œ�ð�1�Ÿ�Ž�—�˜�–�1�•�˜�¡�’�—�œ�1�•�›�˜�–�1�œ�™�’�•�Ž�›�œ�1�˜�›�1�™�•�Š�•�¢�™�ž�œ�ð�1�˜�›�1�—�Ž�ž�›�˜�‘�˜�›�–�˜�—�Ž�œ�1�•�›�˜�–�1�Œ�›�ž�œ�•�Š�Œ�Ž�Š�—�œ�ï�1
���˜�›�Ž�1 �›�Ž�Œ�Ž�—�•�•�¢�ð�1 �•�‘�Ž�œ�Ž�1 ���,�Š�–�’�—�˜�1 �Š�Œ�’�•�œ�1 �‘�Š�Ÿ�Ž�1 �‹�Ž�Ž�—�1�•�’�œ�Œ�˜�Ÿ�Ž�›�Ž�•�1 �’�—�1 �Ÿ�Š�›�’�˜�ž�œ�1 �‘�ž�–�Š�—�1�•�’�œ�œ�ž�Ž�œ�ð�1 �Ž�œ�™�Ž-
�Œ�’�Š�•�•�¢�1�•�ž�Ž�1�•�˜�1�•�‘�Ž�1�™�›�Ž�œ�Ž�—�Œ�Ž�1�˜�•�1���,�Š�œ�™�Š�›�•�’�Œ�1�Š�Œ�’�•�ï�1���•�1�’�œ�1�•�‘�Ž�1�Œ�Š�œ�Ž�1�•�˜�›�1�Ž�•�Š�œ�•�’�—�ð�1�†�,�Š�–�¢�•�˜�’�•�ð�1�…�,�œ�¢�—�ž�Œ�•�Ž�’�—�ð�1
�˜�›�1�����,�Œ�›�¢�œ�•�Š�•�•�’�—�ï�1���—�•�Ž�›�Ž�œ�•�’�—�•�•�¢�ð�1�•�‘�Ž�œ�Ž�1�™�›�˜�•�Ž�’�—�œ�1�Š�›�Ž�1�’�—�Ÿ�˜�•�Ÿ�Ž�•�1�’�—�1�œ�Ž�Ÿ�Ž�›�Š�•�1�™�Š�•�‘�˜�•�˜�•�’�Ž�œ�ñ�1�Š�›�•�Ž�›�’�˜�œ�Œ�•�Ž-
�›�˜�œ�’�œ�ð�1 ���•�£�‘�Ž�’�–�Ž�›���œ�1 �Š�—�•�1 ���Š�›�”�’�—�œ�˜�—���œ�1 �•�’�œ�Ž�Š�œ�Ž�œ�ð�1 �Š�—�•�1 �Œ�Š�•�Š�›�Š�Œ�•�ð�1 �›�Ž�œ�™�Ž�Œ�•�’�Ÿ�Ž�•�¢�ð�1 �•�Ž�–�˜�—�œ�•�›�Š�•�’�—�•�1 �•�‘�Ž�1
�ž�—�•�’�œ�™�ž�•�Š�‹�•�Ž�1�’�–�™�˜�›�•�Š�—�Œ�Ž�1�˜�•�1�Œ�‘�’�›�Š�•�’�•�¢�1�’�—�1�™�‘�¢�œ�’�˜�•�˜�•�’�Œ�Š�•�1�™�›�˜�Œ�Ž�œ�œ�1�ý�W�W�[]. Research on amino acid 
role in vivo�1�û�Š�œ�1�œ�’�•�—�Š�•�’�—�•�1�–�˜�•�Ž�Œ�ž�•�Ž�œ�1�’�—�1�•�‘�Ž�1�‹�›�Š�’�—�1�˜�›�1�Ž�—�•�˜�Œ�›�’�—�Ž�1�•�•�Š�—�•�œ�1�ý�W�W�\], or in age-related 
�•�’�œ�Ž�Š�œ�Ž�œ�ü�1�ý�W�W�]] is a current fascinating hot topic, far from the scope of this chapter, and author 
incites curious readers to have a look to some reviews cited in this paragraph.

���—�œ�™�’�›�Ž�•�1 �‹�¢�1 �•�‘�Ž�1 �Ž�¡�’�œ�•�Ž�—�Œ�Ž�1 �˜�•�1 ���,�Š�–�’�—�˜�1 �Š�Œ�’�•�œ�ð�1 �œ�Ž�Ÿ�Ž�›�Š�•�1 �•�›�˜�ž�™�œ�1 �ž�œ�Ž�•�1 �•�‘�Ž�–�1 �•�˜�1 �•�Ž�œ�’�•�—�1 �Ž���Œ�’�Ž�—�•�1
�™�Ž�™�•�’�•�Ž�,�‹�Š�œ�Ž�•�1�‘�¢�•�›�˜�•�Ž�•�œ�ï�1���‘�Ž�1�œ�‘�˜�›�•�Ž�›�1�˜�—�Ž�1�’�œ�1�ž�—�•�˜�ž�‹�•�Ž�•�•�¢�1���–�˜�Œ�,���, �	�•�ž, which forms right-
�‘�Š�—�•�Ž�•�1�‘�Ž�•�’�Œ�Š�•�1�—�Š�—�˜���‹�Ž�›�œ�1�’�—�1�•�‘�Ž�1�™�›�Ž�œ�Ž�—�Œ�Ž�1�˜�•�1���,Lys�1�û�Ž�š�ž�’�–�˜�•�Š�›�ð�1�Û�Y�_�1���’�•�ž�›�Ž�1�]��), while the same 
�–�’�¡�•�ž�›�Ž�1 � �’�•�‘�1 �•�‘�Ž�1 ���,�Ž�—�Š�—�•�’�˜�–�Ž�›�1 �Ž�š�ž�’�Ÿ�Š�•�Ž�—�•�œ�1 �ûi.e., ���–�˜�Œ�,���,�	�•�ž + ���,Lys) leads to left-handed 
�‘�Ž�•�’�Œ�Š�•�1 �—�Š�—�˜���‹�Ž�›�œ�ï�1 ���—�•�Ž�›�Ž�œ�•�’�—�•�•�¢�ð�1 �•�‘�Ž�1 �‘�¢�•�›�˜�•�Ž�•�1 �Œ�˜�—�•�Š�’�—�’�—�•�1 ���,�Ž�—�Š�—�•�’�˜�–�Ž�›�œ�1 �‘�Š�œ�1 �œ�•�’�•�‘�•�•�¢�1 �‹�Ž�•-
�•�Ž�›�1�1�Ÿ�’�œ�Œ�˜�Ž�•�Š�œ�•�’�Œ�1�™�›�˜�™�Ž�›�•�’�Ž�œ�1�•�‘�Š�—�1�•�‘�Ž�1�•�Ž�Ÿ�˜�›�˜�•�Š�•�˜�›�¢�1�˜�—�Ž�1�ý�W�W�^�þ�ï�1���‘�’�œ�1�Ž�¡�Š�–�™�•�Ž�1�Œ�•�Ž�Š�›�•�¢�1�‘�’�•�‘�•�’�•�‘�•�œ�1
that the organization at the molecular level ( i.e., the chirality) impacts the organization at 
the micro (i.e�ï�ð�1 �•�‘�Ž�1 ���‹�Ž�›�œ�ü�1 �Š�—�•�1 �–�Š�Œ�›�˜�œ�Œ�˜�™�’�Œ�1 �œ�Œ�Š�•�Ž�œ�1 �ûi.e�ï�ð�1 �•�‘�Ž�1 �‘�¢�•�›�˜�•�Ž�•�ü�ï�1 ���Ž�›�’�Ž�œ�1 �˜�•�1 �•�’�™�Ž�™�•�’�•�Ž�œ�1
containing D-amino acids were also developed, one with Fmoc N-protecting group, and 
�˜�—�Ž�1 � �’�•�‘�1 �Š�1 �—�Š�™�‘�•�¢�•�1 �•�›�˜�ž�™�1 �û���Š�™�ü�ï�1 ���˜�›�1 �•�‘�Ž�1 ���›�œ�•�1 �’�—�œ�•�Š�—�Œ�Ž�ð�1���–�˜�Œ�,���, ���•�Š�,���, ���•�Š�1 �û�Û�Z�V�1���’�•�ž�›�Ž�1 �]��) 
�Œ�Š�—�1�‹�Ž�1�Œ�’�•�Ž�•�1�•�˜�1�‹�Ž�1�‘�’�•�‘�•�¢�1�Ž���Œ�’�Ž�—�•�1�•�˜�1�•�˜�›�–�1�Š�1�‘�¢�•�›�˜�•�Ž�•�1�û�Á�V�ï�W�Y�–�1� �&�Ÿ�ü�ð�1�œ�•�’�•�‘�•�•�¢�1�‹�Ž�4�Ž�›�1�•�‘�Š�—�1�•�‘�Ž�1
corresponding ���–�˜�Œ�,���,���•�Š�,���,���•�Š�1 �û�Á�V�ï�W�[�–�1 � �&�Ÿ�ü�ð�1 � �‘�Ž�›�Ž�Š�œ�1���–�˜�Œ�,�	�•�¢�,���, ���•�Š�1 �û�Û�Z�W�1���’�•�ž�›�Ž�1 �]��) 
�›�Ž�š�ž�’�›�Ž�•�1 �Œ�˜�—�Œ�Ž�—�•�›�Š�•�’�˜�—�1�Á�W�ï�]�–�1 � �&�Ÿ�1�ý�W�W�_�þ�ï�1 ���—�•�Ž�›�Ž�œ�•�’�—�•�•�¢�ð�1���Š�™�,�	�•�¢�,���, ���•�Š�1 �û�Û�Z�X�1���’�•�ž�›�Ž�1 �]��) dis-
�™�•�Š�¢�œ�1�Ž�¡�Œ�Ž�™�•�’�˜�—�Š�•�1�™�›�˜�™�Ž�›�•�’�Ž�œ�1� �’�•�‘�1�Š�1�–�’�—�’�–�ž�–�1�•�Ž�•�Š�•�’�˜�—�1�Œ�˜�—�Œ�Ž�—�•�›�Š�•�’�˜�—�1�˜�•�1�˜�—�•�¢�1�V�ï�V�]�–�1� �&�Ÿ�1�’�—�1
� �Š�•�Ž�›�1�ý�\�_�þ�ï�1���—�1�•�‘�’�œ�1�œ�™�Ž�Œ�’���Œ�1�Œ�Š�œ�Ž�ð�1�‘�¢�•�›�˜�•�Ž�•�1�Œ�‘�Š�›�Š�Œ�•�Ž�›�’�œ�•�’�Œ�œ�1�Š�›�Ž�1�œ�’�–�’�•�Š�›�1�•�˜�1�•�‘�Ž�1�˜�—�Ž�œ�1�˜�‹�•�Š�’�—�Ž�•�1� �’�•�‘�1
���Š�™�,�	�•�¢�,���•�Š�ð�1�‹�ž�•�1�•�‘�Ž�1�Œ�’�›�Œ�ž�•�Š�›�1�•�’�Œ�‘�›�˜�’�œ�–�1�œ�’�•�—�Š�•�ž�›�Ž�1�˜�•�1�Ž�Š�Œ�‘�1�˜�•�‘�Ž�›�1�’�œ�1�•�‘�Ž�1�™�Ž�›�•�Ž�Œ�•�1�›�Ž�Ÿ�Ž�›�œ�Ž�ð�1�’�•�•�ž�œ-
�•�›�Š�•�’�—�•�1�•�‘�Ž�1�˜�™�™�˜�œ�’�•�Ž�1�‘�Ž�•�’�Œ�Š�•�1���‹�›�’�•�1�œ�•�›�ž�Œ�•�ž�›�Ž�ï�1���›�’�™�Ž�™�•�’�•�Ž�œ�1�Š�›�Ž�1�Š�•�œ�˜�1�›�Ž�™�›�Ž�œ�Ž�—�•�Ž�•�1�’�—�1�•�‘�’�œ�1�•�’�œ�•�1� �’�•�‘�1
other Fmoc-derivatized structures containing three phenylalanine: ���–�˜�Œ�,���‘�Ž�,���‘�Ž�,���‘�Ž�1�û�Û�Z�Y�1
���’�•�ž�›�Ž�1�]��), ���–�˜�Œ�,���, ���‘�Ž�,���, ���‘�Ž�,���, ���‘�Ž�1�û�Û�Z�Z�1���’�•�ž�›�Ž�1�]��), ���–�˜�Œ�,���‘�Ž�,���, ���‘�Ž�,���, ���‘�Ž�1�û�Û�Z�[�1���’�•�ž�›�Ž�1�]��), 
and ���–�˜�Œ�,���, ���‘�Ž�,���‘�Ž�,���‘�Ž�1 �û�Û�Z�\�1���’�•�ž�›�Ž�1 �]���ü�1 �ý�W�X�V�þ�ï�1 ���—�•�Ž�›�Ž�œ�•�’�—�•�•�¢�ð�1 �•�‘�Ž�1 ���‹�Ž�›�œ�1�˜�‹�•�Š�’�—�Ž�•�1 �’�—�1� �Š�•�Ž�›�1
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are right-handed for ���–�˜�Œ�,���‘�Ž�,���‘�Ž�,���‘�Ž and ���–�˜�Œ�,���‘�Ž�,���, ���‘�Ž�,���, ���‘�Ž and left-handed for the 
�•� �˜�1�˜�•�‘�Ž�›�œ�ï�1���‘�Ž�’�›�1�Ÿ�’�œ�Œ�˜�Ž�•�Š�œ�•�’�Œ�1�™�›�˜�™�Ž�›�•�’�Ž�œ�1�Š�›�Ž�1�Š�•�œ�˜�1�’�–�™�›�˜�Ÿ�Ž�•�1�‹�¢�1�•�‘�Ž�1�Š�•�•�’�•�’�˜�—�1�˜�•�1���,�Ž�—�Š�—�•�’�˜�–�Ž�›�œ�ð�1
with ���–�˜�Œ�,���, ���‘�Ž�,���, ���‘�Ž�,���, ���‘�Ž�1 �Š�‹�˜�ž�•�1 �X�Y�–�1 �‘�’�•�‘�Ž�›�1 �•�‘�Š�—�1���–�˜�Œ�,���‘�Ž�,���‘�Ž�,���‘�Ž in terms of stor-
�Š�•�Ž�1 �Š�—�•�1 �•�˜�œ�œ�1�–�˜�•�ž�•�’�ï�1 ���’�•�‘�˜�ž�•�1 �™�›�˜�•�Ž�Œ�•�’�—�•�1 �•�›�˜�ž�™�1�Š�•�1 �•�‘�Ž�1 ���,�•�Ž�›�–�’�—�ž�œ�ð�1���Š�•�,���‘�Ž�,���‘�Ž and ���‘�Ž�,
���‘�Ž�,���Š�•�1 �™�Ž�™�•�’�•�Ž�œ�1 � �Ž�›�Ž�1 �ž�—�Š�‹�•�Ž�1 �•�˜�1 �•�›�˜�–�1 �‘�¢�•�›�˜�•�Ž�•�œ�1 �Š�•�1 �—�Ž�ž�•�›�Š�•�1 �™�
�ð�1 � �‘�’�•�Ž�1 �•�‘�Ž�1���, ���Š�•�,���‘�Ž�,���‘�Ž 
�û�Û�Z�]�1���’�•�ž�›�Ž�1�]��) and ���, ���‘�Ž�,���‘�Ž�,���Š�• (i.e�ï�ð�1�‹�˜�•�‘�1� �’�•�‘�1�•�‘�Ž�1���,�Š�–�’�—�˜�1�Š�Œ�’�•�1�Š�•�1�•�‘�Ž�1���1�Ž�¡�•�›�Ž�–�’�•�¢�ð�1�Û�Z�^�1
���’�•�ž�›�Ž�1�]���ü�1�Ž�š�ž�’�Ÿ�Š�•�Ž�—�•�œ�1�•�’�•�1�ý�W�X�W�þ�ï�1���—�˜�•�‘�Ž�›�1�•�›�’�™�Ž�™�•�’�•�Ž�ð�1�™�›�˜�•�Ž�Œ�•�Ž�•�1� �’�•�‘�1�Š�—�1�Š�£�˜�‹�Ž�—�£�Ž�—�Ž�1�–�˜�’�Ž�•�¢�1
at the N-terminus, was developed from the sequence ���£�˜�,���¢�œ�,���‘�Ž�,���•�Š, with D-enantiomers 
�’�—�1�•�’���Ž�›�Ž�—�•�1�™�˜�œ�’�•�’�˜�—�œ�ï�1���˜�—�•�›�Š�›�¢�1�•�˜�1���£�˜�,���¢�œ�,���‘�Ž�,���•�Š�1� �‘�’�Œ�‘�1�•�˜�›�–�œ�1�Š�1�‘�¢�•�›�˜�•�Ž�•�1�•�›�˜�–�1�Y�ï�W�–�1� �&�Ÿ�ð�1
���£�˜�,���¢�œ�,���, ���‘�Ž�,���, ���•�Š�1�û�Û�Z�_�1���’�•�ž�›�Ž�1�]��) and ���£�˜�,���, ���¢�œ�,���‘�Ž�,���•�Š�1�û�Û�[�V�1���’�•�ž�›�Ž�1�]���ü�1�›�Ž�š�ž�’�›�Ž�1�\�ï�^�–�1
� �&�Ÿ�ð�1�–�˜�›�Ž�1�•�‘�Š�—�1�•� �’�Œ�Ž�ï�1���—�•�Ž�›�Ž�œ�•�’�—�•�•�¢�ð�1�•�‘�Ž�1�Š�•�•�1���,�Š�–�’�—�˜�1�Š�Œ�’�•�,�Œ�˜�—�•�Š�’�—�’�—�•�1�™�Ž�™�•�’�•�Ž�1�•�Ž�•�1�’�œ�1�Š�1�•�’�4�•�Ž�1�‹�’�•�1
�–�˜�›�Ž�1�Ž���Œ�’�Ž�—�•�ð�1� �’�•�‘�1�Š�1�–�’�—�’�–�ž�–�1�Œ�˜�—�Œ�Ž�—�•�›�Š�•�’�˜�—�1�˜�•�1�Y�ï�V�–�1� �&�Ÿ�1�ý�]�[].

���’�•�ž�›�Ž�1 �]�ï�1Chemical structures of L- and D-amino acids (A), and chemical structures of hydrogel-forming peptides 
incorporating D-amino acid(s) (B).
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���‘�Ž�1�•�Š�œ�•�ð�1�‹�ž�•�1�Œ�•�Ž�Š�›�•�¢�1�—�˜�•�1�•�‘�Ž�1�•�Ž�Š�œ�•�ð�1�Ž�¡�Š�–�™�•�Ž�1�˜�•�1�•�‘�Ž�1�ž�œ�Ž�1�˜�•�1���,�Š�–�’�—�˜�1�Š�Œ�’�•�œ�1�•�˜�1�’�–�™�›�˜�Ÿ�Ž�1�‘�¢�•�›�˜�•�Ž�•�Š-
�•�’�˜�—�1�’�œ�1�•�Ž���—�’�•�’�Ÿ�Ž�•�¢�1�•�‘�Ž�1�’�—�•�›�˜�•�ž�Œ�•�’�˜�—�1�˜�•�1�•�‘�Ž�1�œ�Ž�š�ž�Ž�—�Œ�Ž�1���, ���›�˜�,���›��̃ï�1���—�•�Ž�Ž�•�ð�1�•�‘�’�œ�1�•�Š�4�Ž�›�1�Œ�˜�—�•�Ž�›�œ�1�Š�1�•�¢�™�Ž�1
�������1�•�ž�›�—�1�û�Š�1�†�,�‘�Š�’�›�™�’�—�ü�ð�1�•�Š�Ÿ�˜�›�’�—�•�1�•�‘�Ž�1�Œ�˜�—�•�Š�Œ�•�1�‹�Ž�•� �Ž�Ž�—�1�•�‘�Ž�1�•� �˜�1�™�Ž�™�•�’�•�Ž�1�œ�•�›�Š�—�•�œ�1�˜�—�1�‹�˜�•�‘�1�œ�’�•�Ž�œ�ï�1���‘�’�œ�1
�•�Ž�Œ�›�Ž�Š�œ�Ž�1 �˜�•�1 �•�Ž�•�›�Ž�Ž�œ�1 �˜�•�1 �•�›�Ž�Ž�•�˜�–�1 �•�›�Š�œ�•�’�Œ�Š�•�•�¢�1 �•�Š�Ÿ�˜�›�œ�1 �•�‘�Ž�1 �‘�¢�•�›�˜�•�Ž�•�1 �•�˜�›�–�Š�•�’�˜�—�1 �Ž���Œ�’�Ž�—�Œ�¢�ï�1 ���‘�ž�œ�ð�1
�™�•�Ž�—�•�¢�1�˜�•�1�œ�Ž�š�ž�Ž�—�Œ�Ž�œ�1� �Ž�›�Ž�1�•�Ž�Ÿ�Ž�•�˜�™�Ž�•�1�ý�W�X�X, �W�X�Y�þ�ð�1�’�—�Œ�•�ž�•�’�—�•�1�•�‘�Ž�1�X�V�,�–�Ž�›�œ�1�������W�1�û�œ�Ž�š�ž�Ž�—�Œ�Ž�1�û���Š�•�,
Lys)4�,���Š�•�,���, ���›�˜�,���›�˜�,���‘�›�,�û���¢�œ�,���Š�•�ü4�,���
 2�ð�1�Û�[�W�1���’�•�ž�›�Ž�1�^�ü�1�ý�W�X�Z–�W�X�_�þ�1�Š�—�•�1�������^�1�û�û���Š�•�,���¢�œ�ü4�,���Š�•�,

���, ���›�˜�,���›�˜�,���‘�›�,���¢�œ�,���Š�•�,�	�•�ž�,���Š�•�,�û���¢�œ�,���Š�•�ü2�,���
 2�ü�1�ý�W�X�^, �W�Y�V], in which the ���, ���›�˜�,���›� ̃sequence 
�’�œ�1 �“�ž�œ�•�1 �’�—�1 �•�‘�Ž�1 �–�’�•�•�•�Ž�ð�1 �Œ�˜�—�•�›�Š�›�¢�1 �•�˜�1 �������W�1 �û�û���Š�•�,���¢�œ�ü2�,���Š�•�,���, ���›�˜�,���›�˜�,���‘�›�,�û���¢�œ�,���Š�•�ü6�,���
 2�ð�1 �Û�[�X�1
���’�•�ž�›�Ž�1�^�ü�1�˜�›�1�������X�1�û�û���Š�•�,���¢�œ�ü3�,���Š�•�,���, ���›�˜�,���›�˜�,���‘�›�,�û���¢�œ�,���Š�•�ü5�,���
 2�ü�1�ý�W�Y�W, �W�Y�X�þ�ï�1���˜�›�Ž�1�Œ�˜�–�™�•�Ž�¡�ð�1�Š�1
�œ�Ž�›�’�Ž�œ�1�˜�•�1�•�‘�›�Ž�Ž�,�œ�•�›�Š�—�•�Ž�•�1�™�Ž�™�•�’�•�Ž�œ�1� �Š�œ�1�•�Ž�Ÿ�Ž�•�˜�™�Ž�•�ð�1�’�—�Œ�•�ž�•�’�—�•�1�������W�1�û�œ�Ž�š�ž�Ž�—�Œ�Ž�1�û���Š�•�,���¢�œ�ü4�,���Š�•�,���,

���›�˜�,���›�˜�,���‘�›�,�û���¢�œ�,���Š�•�ü3�,���¢�œ�,���, ���›�˜�,���›�˜�,�û���¢�œ�,���Š�•�ü4�,���
 2�ü�1�ý�W�Y�Y].

���’�—�Š�•�•�¢�ð�1 �•�Ž�›�’�Ÿ�Š�•�’�Ÿ�Ž�œ�1 �•�›�˜�–�1 �����
�,�W�\�1 �û�œ�Ž�š�ž�Ž�—�Œ�Ž�1���Œ�,�û���•�Š�,�	�•�ž�,���•�Š�,�	�•�ž�,���•�Š�,���¢�œ�,���•�Š�,���¢�œ�ü2�,���
 2) 
�’�—�Œ�˜�›�™�˜�›�Š�•�’�—�•�1 ���,�Š�–�’�—�˜�1 �Š�Œ�’�•�œ�1� �Ž�›�Ž�1 �•�Ž�œ�’�•�—�Ž�•�ï�1 ���—�•�Ž�›�Ž�œ�•�’�—�•�•�¢�ð�1 �•�‘�Ž�1 �Ž�—�Š�—�•�’�˜�–�Ž�›�œ�1�����
�,�W�\�1 �Š�—�•�1D-
�����
�,�W�\�1 �û�œ�Ž�š�ž�Ž�—�Œ�Ž�1���Œ�,�û���, ���•�Š�,���, �	�•�ž�,���, ���•�Š�,���, �	�•�ž�,���, ���•�Š�,���, ���¢�œ�,���, ���•�Š�,���,Lys)2�,���
 2�ð�1 �Û�[�Y�1���’�•�ž�›�Ž�1 �^) 
have shown similar hydrogel thermodynamic properties ( e.g�ï�ð�1�œ�•�˜�›�Š�•�Ž�1�–�˜�•�ž�•�’�1�¿�W�1�”���Š�1�Š�•�1�W�–�1
� �&�Ÿ�ü�1 �ý�W�Y�Z–�W�Y�\�þ�ï�1 ���—�1 �Œ�˜�—�•�›�Š�œ�•�ð�1 �•�‘�Ž�1 �Œ�˜�›�›�Ž�œ�™�˜�—�•�’�—�•�1 �•�’�Š�œ�•�Ž�›�Ž�˜�’�œ�˜�–�Ž�›�œ�1 ��D���
�,�W�\�1 �û�œ�Ž�š�ž�Ž�—�Œ�Ž�1���Œ�,�û���,
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 2�ð�1�Û�[�Z�1���’�•�ž�›�Ž�1�^) and D���� DK (sequence ���Œ�,�û���•�Š�,

���, �	�•�ž�,���•�Š�,���, �	�•�ž�,���•�Š�,���, ���¢�œ�,���•�Š�,���,Lys)2�,���
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���’�•�ž�›�Ž�1�^�ï�1Chemical structures of hydrogel-forming peptides incorporating D-amino acid(s).
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the N- and C-termini, along with the insertion of an organic moiety inside the sequence, or 
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formation.

���–�˜�—�•�1�•�‘�Ž�–�ð�1�•�‘�Ž�1�Œ�¢�Œ�•�˜�‘�Ž�¡�¢�•�Š�•�Š�—�’�—�Ž�1�û���‘�Š), a hydrogenated phenylalanine, prevents the for-
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tide in which it is inserted. For instance, using the octapeptide ���Œ�,�û���‘�Ž�,���¢�œ�,���‘�Ž�,�	�•�ž�ü2�,���
 2, 
�•�‘�Ž�1 �œ�ž�‹�œ�•�’�•�ž�•�’�˜�—�1 �˜�•�1 �‹�˜�•�‘�1 �™�‘�Ž�—�¢�•�Š�•�Š�—�’�—�Ž�1 �‹�¢�1 �•� �˜�1 �Œ�¢�Œ�•�˜�‘�Ž�¡�¢�•�Š�•�Š�—�’�—�Ž�1 �ûi.e., ���Œ�,�û���‘�Š�,���¢�œ�,���‘�Š�,
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 2 demonstrate that at the same 
concentration, ���Œ�,�û���‘�Ž�,���¢�œ�,���‘�Š�,���‘�Ž�ü2�,���
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Another non-usual amino acid used is the ornithine ( Orn ), comprised of an aminopropyl 
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positively charged, was synthesized (sequence ���Œ�,�	�•�—�,�	�•�—�,���›�—�,���‘�Ž�,���›�—�,���›�™�,���›�—�,���‘�Ž�,
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oligo(p-phenylvinylene) (termed OPV�ü�1 � �Š�œ�1 �•�ž�—�Œ�•�’�˜�—�Š�•�’�£�Ž�•�1 �‹�¢�1 �•� �˜�1 �™�Ž�—�•�Š�™�Ž�™�•�’�•�Ž�œ�1 �˜�—�1 �‹�˜�•�‘�1
sides: ���Œ�,�	�•�—�,�	�•�—�,���›�—�,���‘�Ž�,���›�—�,OPV�,���›�—�,���‘�Ž�,�	�•�—�,�	�•�—�,�	�•�—�,���
2 and ���Œ�,�	�•�—�,�	�•�—�,���›�•�,
���‘�Ž�,�	�•�ž�,OPV�,�	�•�ž�,���‘�Ž�,�	�•�—�,�	�•�—�,�	�•�—�,���
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(�����‘�Ž�ü�1�™�›�˜�Ÿ�’�•�Ž�œ�1�•�’�œ�•�’�—�•�ž�’�œ�‘�Ž�•�1�›�Ž�œ�ž�•�•�œ�1�ý�W�Z�W, �W�Z�X]. Compared to canonical ���‘�Ž�ð�1�����‘�Ž has no 
chirality on its C �…�1�Š�—�•�1�•�Š�Ÿ�˜�›�œ�1�”�,�”�1�œ�•�Š�Œ�”�’�—�•�1�•�ž�Ž�1�•�˜�1�’�•�œ�1�Ž�¡�•�Ž�—�•�Ž�•�1�Ž�•�Ž�Œ�•�›�˜�—�1�•�Ž�•�˜�Œ�Š�•�’�£�Š�•�’�˜�—�ï�1���—�•�Ž�Ž�•�ð�1
while ���‘�Ž�,���‘�Ž lacks to form a hydrogel, ���‘�Ž�,�����‘�Ž�1�’�œ�1�•�›�Š�œ�•�’�Œ�Š�•�•�¢�1�–�˜�›�Ž�1�Ž���Œ�’�Ž�—�•�1�•�˜�›�–�’�—�•�1�Š�1�œ�•�’���1
�˜�—�Ž�1� �’�•�‘�1�	���1�¿�1�X�W�V�ð�V�V�V�1���Š�1�•�˜�›�1�˜�—�•�¢�1�W�–�1� �&�Ÿ�ï�1�
�˜� �Ž�Ÿ�Ž�›�ð�1�Š�•�•�Ž�›�1�Š�1�•�ž�•�•�1�œ�•�ž�•�¢�1�˜�—�1���¡�¡�,�����‘�Ž (in which 
Xxx�1�½�1�W�1�˜�•�1�•�‘�Ž�1�X�V�1�Œ�Š�—�˜�—�’�Œ�Š�•�1�Š�–�’�—�˜�1�Š�Œ�’�•�œ�ü�ð�1�˜�—�•�¢�1�X�1�•�’�™�Ž�™�•�’�•�Ž�œ�1� �Ž�›�Ž�1�›�Ž�™�˜�›�•�Ž�•�1�Š�œ�1�Š�‹�•�Ž�1�•�˜�1�•�Ž�•�’�•�¢�ñ�1
���Ž�ž�,�����‘�Ž�1�û�Û�[�_�1���’�•�ž�›�Ž�1�_) and ���‘�Ž�,�����‘�Ž�1�û�Û�\�V�1���’�•�ž�›�Ž�1�_�ü�ï�1���Ž�Œ�Ž�—�•�•�¢�ð�1�•�‘�Ž�1���›�œ�•�1�˜�—�Ž�1� �Š�œ�1�Š�™�™�•�’�Ž�•�1in 
vivo�1�’�—�1�Š�1�–�˜�ž�œ�Ž�1�–�˜�•�Ž�•�1�Š�œ�1�Š�1�•�›�ž�•�1�•�Ž�•�’�Ÿ�Ž�›�¢�1�™�•�Š�•�•�˜�›�–�1�•�˜�›�1�–�’�•�˜�¡�Š�—�•�›�˜�—�Ž�ð�1�Š�—�1�Š�—�•�’�Œ�Š�—�Œ�Ž�›�1�•�›�ž�•�ð�1�Š�—�•�1
�œ�Ž�Ž�–�œ�1�•�˜�1�‹�Ž�1�Ÿ�Ž�›�¢�1�™�›�˜�–�’�œ�’�—�•�1�ý�W�Z�W].
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���Ž�Œ�Ž�—�•�•�¢�ð�1 �‹�Š�œ�Ž�•�1 �˜�—�1 �•�‘�Ž�1 �X�V�,�–�Ž�›�œ�1 �������W�1 �û�œ�Ž�š�ž�Ž�—�Œ�Ž�1�û���Š�•�,���¢�œ�ü4�,���Š�•�,���, ���›�˜�,���›�˜�,���‘�›�,�û���¢�œ�,
���Š�•�ü4�,���
 2�ð�1 �œ�Ž�Ž�1 �‘�Ž�›�Ž�’�—�‹�Ž�•�˜�›�Ž�ü�1 �ý�W�X�Z–�W�X�_], other derivatives were synthesized in which eight 
�Ÿ�Š�•�’�—�Ž�œ�1�û�1�Ž�¡�Œ�•�ž�•�’�—�•�1�•�‘�Ž�1���Š�• adjacent to the ���,Pro�ü�1� �Ž�›�Ž�1�œ�ž�‹�œ�•�’�•�ž�•�Ž�•�1�‹�¢�1�—�˜�—�,�Œ�Š�—�˜�—�’�Œ�Š�•�1�Š�–�’�—�˜�‹�ž-
tyric acid (Abu ), norvaline (���Ÿ�Š�ð�1�Û�\�W�1���’�•�ž�›�Ž�1�_), or norleucine (���•�Ž). Results have  highlighted 

���’�•�ž�›�Ž�1�_�ï�1Chemical structures of hydrogel-forming peptides incorporating non-canonical amino acid(s).
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�•�‘�Š�•�ð�1 �Š�•�1 �W�–�1 � �&�Ÿ�ð�1 �˜�—�•�¢�1 �•�‘�Ž�1 �™�Ž�™�•�’�•�Ž�,�Œ�˜�—�•�Š�’�—�’�—�•�1 �—�˜�›�Ÿ�Š�•�’�—�Ž�1 �•�˜�›�–�œ�1 �Š�1 �œ�•�’���Ž�›�1 �–�Š�•�Ž�›�’�Š�•�1 �•�‘�Š�—�1 �•�‘�Ž�1
�1�˜�›�’�•�’�—�Š�•�1�������W�ð�1� �’�•�‘�1�	���1�¿�1�Y�Y�V�V�1���Š�1�Ÿ�Ž�›�œ�ž�œ�1�W�^�V�V�1���Š�ð�1�›�Ž�œ�™�Ž�Œ�•�’�Ÿ�Ž�•�¢�1�ý�W�Z�Y]. The use of cyclodipep-
�•�’�•�Ž�1� �Š�œ�1�Š�•�œ�˜�1�›�Ž�™�˜�›�•�Ž�•�1�Š�œ�1�Š�—�1�Ž���Œ�’�Ž�—�•�1�–�Ž�•�‘�˜�•�ï�1���—�•�Ž�Ž�•�ð�1�Œ�¢�Œ�•�˜�û���,���¢�›�,���,Lys)�1�û�Û�\�X�1���’�•�ž�›�Ž�1�_) and 
�Œ�¢�Œ�•�˜�û���,���‘�Ž�,���,Lys) N �‰�,�Š�Œ�Ž�•�¢�•�Š�•�Ž�•�1 �‹�¢�1 �•�•�ž�Œ�˜�—�’�Œ�1 �Š�Œ�’�•�1 �•�Ž�Š�•�1 �•�˜�1 �•�‘�’�¡�˜�•�›�˜�™�’�Œ�1 �‘�¢�•�›�˜�•�Ž�•�œ�ð�1 � �‘�’�Œ�‘�1 �Œ�Š�—�1
�‹�Ž�1�œ�•�˜�›�Ž�•�1�•�˜�›�1�Š�1�•�˜�—�•�1�™�Ž�›�’�˜�•�1�˜�•�1�•�’�–�Ž�1�Š�œ�1�Š�1�œ�˜�•�ž�•�’�˜�—�ï�1���‘�Ž�1�•�Ž�•�Š�•�’�˜�—�1�’�œ�1�œ�’�–�™�•�¢�1�•�›�’�•�•�Ž�›�Ž�•�1�‹�¢�1�Š�1�œ�‘�˜�›�•�1
�Š�—�•�1�Ÿ�’�•�˜�›�˜�ž�œ�1�œ�•�’�›�›�’�—�•�1�ý�W�Z�Z�þ�ï�1���—�1�˜�›�•�Ž�›�1�•�˜�1�’�—�Œ�›�Ž�Š�œ�Ž�1�•�‘�Ž�1�Š�›�˜�–�Š�•�’�Œ�1�œ�ž�›�•�Š�Œ�Ž�1�Š�Ÿ�Š�’�•�Š�‹�•�Ž�1�•�›�˜�–�1�Š�—�1�ž�•�•�›�Š-
�œ�‘�˜�›�•�1�™�Ž�™�•�’�•�Ž�ð�1���–�˜�Œ�,�†�,�û�X�,�—�Š�™�‘�•�‘�¢�•�ü�,���,�Š�•�Š�—�’�—�Ž�1�û�Û�\�Y�1���’�•�ž�›�Ž�1�_) was evaluated and the resulting 
�‘�¢�•�›�˜�•�Ž�•�1�‘�Š�œ�1�Ž�¡�‘�’�‹�’�•�Ž�•�1�•�˜�˜�•�1�œ�•�Š�‹�’�•�’�•�¢�1�’�—�1�Š�1�•�Š�›�•�Ž�1�›�Š�—�•�Ž�1�˜�•�1�™�
�ð�1�•�›�˜�–�1�Y�1�•�˜�1�W�X�1�ý�W�Z�[�þ�ï�1���—�œ�™�’�›�Ž�•�1�‹�¢�1
the pentapeptide fragment ���¢�œ�,���Ž�ž�,���Š�•�,���‘�Ž�,���‘�Ž�1�•�›�˜�–�1�•�‘�Ž�1�W�\�1�•�˜�1�X�V�1�›�Ž�•�’�˜�—�1�˜�•�1�•�‘�Ž�1���†�1�™�›�˜�•�Ž�’�—�1
�û�’�—�Ÿ�˜�•�Ÿ�Ž�œ�1�’�—�1���•�£�‘�Ž�’�–�Ž�›���œ�1�•�’�œ�Ž�Š�œ�Ž�ü�1�Š�—�•�1� �Ž�•�•�,�”�—�˜� �—�1�•�˜�›�1�’�•�œ�1�Š�‹�’�•�’�•�¢�1�•�˜�1�•�˜�›�–�1�Š�–�¢�•�˜�’�•�1���‹�Ž�›�œ�ð�1�Ž���Ž�Œ�•�œ�1
�˜�•�1�†�,�X�,�•�‘�’�Ž�—�¢�Š�•�Š�—�’�—�Ž�1�û�X�,���‘�’�ü�1� �Ž�›�Ž�1�Ž�Ÿ�Š�•�ž�Š�•�Ž�•�ï�1���‘�Ž�1�˜�‹�•�Š�’�—�Ž�•�1�û�X�,���‘�’�ü�,�û�X�,���‘�’�ü�,���Š�•�,���Ž�ž�,���¢�œ�,���•�Š�,
���•�Š�1 �û�Û�\�Z�1���’�•�ž�›�Ž�1 �_�ü�1 �‘�Š�œ�1 �•�’�œ�™�•�Š�¢�Ž�•�1 �‘�’�•�‘�1 �Ž���Œ�’�Ž�—�Œ�¢�1 �’�—�1 �‘�¢�•�›�˜�•�Ž�•�1 �•�˜�›�–�Š�•�’�˜�—�1 �Š�—�•�1 �•�’�š�ž�’�•�1 �Œ�›�¢�œ�•�Š�•�1
�™�›�˜�™�Ž�›�•�’�Ž�œ�1�ý�W�Z�\].

���—�•�Ž�—�’�˜�ž�œ�•�¢�ð�1�™�‘�˜�•�˜�•�Ž�ž�Œ�’�—�Ž�ð�1�Š�1�•�’�Š�£�’�›�’�—�Ž�,�‹�Š�œ�Ž�•�1�™�‘�˜�•�˜�,�›�Ž�Š�Œ�•�’�Ÿ�Ž�1�Š�—�Š�•�˜�•�1�˜�•�1�•�Ž�ž�Œ�’�—�Ž�ð�1� �Š�œ�1�’�—�•�›�˜�•�ž�Œ�Ž�•�1
�’�—�œ�’�•�Ž�1�Š�1�™�Ž�—�•�Š�™�Ž�™�•�’�•�Ž�1�™�›�˜�•�Ž�Œ�•�Ž�•�1� �’�•�‘�1�Š�1�—�Š�™�‘�•�‘�Š�•�Ž�—�Ž�1�–�˜�’�Ž�•�¢�1�Š�•�1�’�•�œ�1���,�•�Ž�›�–�’�—�ž�œ�1�û�Û�\�[�1���’�•�ž�›�Ž�1�_). 
���‘�ž�œ�ð�1 �•�‘�Ž�1 �œ�¢�œ�•�Ž�–�1 �’�œ�1 �Š�™�™�•�’�Ž�•�1 �•�˜�›�1 �™�›�˜�•�Ž�’�—�1 �Œ�˜�–�™�•�Ž�¡�1 �’�–�–�ž�—�˜�™�›�Ž�Œ�’�™�’�•�Š�•�’�˜�—�1 �û�Š�•�œ�˜�1 �•�Ž�›�–�Ž�•�1 ���™�ž�•�•�,
�•�˜� �—���1�–�Ž�•�‘�˜�•�ü�1�Š�—�•�1�’�—�•�Ž�›�Š�Œ�•�œ�1� �’�•�‘�1�™�›�˜�•�Ž�’�—�œ�1�•�›�˜�–�1�Z�X�1�•�˜�1�[�[�1�”���Š�1�ý�W�Z�]].

���Ž�›�’�Ÿ�Ž�•�1�•�›�˜�–�1�•�‘�Ž�1���,�™�›�˜�•�’�—�Ž�ð�1�•�‘�Ž�1���,�Z�,�‘�¢�•�›�˜�¡�¢�™�›�˜�•�’�—�Ž�1�û�
�¢�™) is one of the amino acids constitut-
ing the tropocollagen and, �’�—�1���—�Ž�ð�1�•�‘�Ž�1�Œ�˜�•�•�Š�•�Ž�—�ï�1���—�•�Ž�Ž�•�ð�1�Œ�˜�•�•�Š�•�Ž�—�1���‹�Ž�›�œ�1�Š�›�Ž�1�Œ�˜�–�™�˜�œ�Ž�•�1�˜�•�1�•�‘�Ž�1
repeating sequence �	�•�¢�,���¡�¡�,�
�¢�™ in which Xxx = ���¢�œ�ð�1 �	�•�ž�ð�1 ���Ž�›�ð�1���•�Š, and Pro�1 �ý�W�Z�^]. Based 
on that, ���Š�™�,�	�•�¢�,���‘�Ž�,���‘�Ž�,���¢�›�,�	�•�¢�,�	�•�¢�,���¡�¡�,�
�¢�™�1 �™�Ž�™�•�’�•�Ž�œ�1 � �Ž�›�Ž�1 �œ�•�ž�•�’�Ž�•�1 �û�Û�\�\�1���’�•�ž�›�Ž�1 �_). 
Depending on the amino acid at the seventh position (i.e., Xxx), the minimum gelation con -
�Œ�Ž�—�•�›�Š�•�’�˜�—�œ�1�Š�›�Ž�1�‹�Ž�•� �Ž�Ž�—�1�V�ï�V�Z�–�1�Š�—�•�1�V�ï�W�V�–�1� �&�Ÿ�ð�1�•�Ž�–�˜�—�œ�•�›�Š�•�’�—�•�1�•�‘�Ž�1�Š�œ�œ�Ž�•�œ�1�˜�•�1�•�‘�’�œ�1�‹�’�˜�,�–�’�–�’�Œ�”�’�—�•�1
�Š�™�™�›�˜�Š�Œ�‘�1�ý�W�Z�_].

���—�Ž�1�˜�•�1�•�‘�Ž�1�•�Š�œ�•�1�Œ�Š�•�Ž�•�˜�›�’�Ž�œ�1�˜�•�1�–�˜�•�’���Œ�Š�•�’�˜�—�1�•�‘�’�œ�1�™�Š�›�•�1� �˜�ž�•�•�1�•�’�”�Ž�1�•�˜�1�‘�’�•�‘�•�’�•�‘�•�1�’�œ�1�•�‘�Ž�1�•�ž�—�Œ�•�’�˜�—�Š�•�’�£�Š-
�•�’�˜�—�1�˜�•�1�™�‘�Ž�—�¢�•�Š�•�Š�—�’�—�Ž�ï�1���—�•�Ž�Ž�•�ð�1�Š�1�Œ�˜�—�Ÿ�’�—�Œ�’�—�•�1�‹�˜�•�¢�1�˜�•�1� �˜�›�”�1�‘�Š�œ�1�‹�Ž�Ž�—�1�•�˜�Œ�ž�œ�Ž�•�1�˜�—�1�•�‘�’�œ�1�™�’�Ÿ�˜�•�Š�•�1
�Š�–�’�—�˜�1�Š�Œ�’�•�1�™�•�Š�¢�’�—�•�1�Š�1�Œ�Ž�—�•�›�Š�•�1�›�˜�•�Ž�1�’�—�1�™�Ž�™�•�’�•�Ž�1�œ�Ž�•�•�,�Š�œ�œ�Ž�–�‹�•�¢�1�Š�—�•�1�’�—�1���—�Ž, in hydrogel formation. 
Thus, working on the short ���–�˜�Œ�,���‘�Ž, the group of Bradley L. Nilsson studied the impact 
�˜�•�1 �•�‘�Ž�1�œ�ž�‹�œ�•�’�•�ž�•�’�˜�—�1�˜�•�1 �•�‘�Ž�1�‘�¢�•�›�˜�•�Ž�—�1�’�—�1�•�‘�Ž�1�™�Š�›�Š�1�™�˜�œ�’�•�’�˜�—�1�‹�¢�1�Š�1�—�’�•�›�˜�1 �û�,����2,�1 �Û�\�]�1���’�•�ž�›�Ž�1�W�V), a 
�Œ�¢�Š�—�˜�1�û�,�����ð�1�Û�\�^�1���’�•�ž�›�Ž�1�W�V), an amino (-NH 2�ü�ð�1�Š�1�‘�¢�•�›�˜�¡�¢�•�1�û�,���
�ð�1�’�—�1�•�‘�’�œ�1�Œ�Š�œ�Ž�1�•�‘�Ž�1�Š�–�’�—�˜�1�Š�Œ�’�•�1
�Œ�˜�›�›�Ž�œ�™�˜�—�•�œ�1 �•�˜�1 �Š�1 �•�¢�›�˜�œ�’�—�Ž�ü�ð�1 �Š�1 �–�Ž�•�‘�˜�¡�¢�1 �û�,�����Ž�ð�1 �Û�\�_�1���’�•�ž�›�Ž�1 �W�V�ü�ð�1 �Š�1 �•�›�’���ž�˜�›�˜�–�Ž�•�‘�¢�•�1 �û�,�����Y�ð�1 �Û�]�V�1
���’�•�ž�›�Ž�1�W�V�ü�ð�1�˜�›�1�Š�1�–�Ž�•�‘�¢�•�1�•�›�˜�ž�™�1�ý�W�V�V, �W�[�V–�W�[�X�þ�ï�1���‘�’�œ�1�–�˜�•�’���Œ�Š�•�’�˜�—�1�•�Ž�Š�•�œ�1�•�˜�1�Š�1�›�Ž�•�’�œ�•�›�’�‹�ž�•�’�˜�—�1�˜�•�1�•�‘�Ž�1
�Ž�•�Ž�Œ�•�›�˜�—�1�•�Ž�—�œ�’�•�¢�1�˜�•�1�•�‘�Ž�1�Š�›�˜�–�Š�•�’�Œ�1�›�’�—�•�ð�1�’�—���ž�Ž�—�Œ�’�—�•�1�•�‘�Ž�1�”�,�”�1�Š�—�•�1�•�’�™�˜�•�Š�›�1�’�—�•�Ž�›�Š�Œ�•�’�˜�—�œ�1�‹�Ž�•� �Ž�Ž�—�1
�‹�Ž�—�£�¢�•�1 �•�›�˜�ž�™�œ�ï�1 ���‘�’�•�Ž�1���–�˜�Œ�,���‘�Ž�1 �•�˜�›�–�œ�1 �Š�1 � �Ž�Š�”�1 �‘�¢�•�›�˜�•�Ž�•�1 �Š�•�1 �V�ï�\�–�1 � �&�Ÿ�1 �û�	���1 �¿�1 �Z�V���Š�ü�ð�1 �Š�•�•�1 �•�‘�Ž�œ�Ž�1
para�1�œ�ž�‹�œ�•�’�•�ž�•�’�˜�—�œ�1�’�–�™�›�˜�Ÿ�Ž�1�•�‘�Ž�1�–�Ž�Œ�‘�Š�—�’�Œ�Š�•�1�‹�Ž�‘�Š�Ÿ�’�˜�›�1�˜�•�1�•�‘�Ž�1�›�Ž�œ�ž�•�•�’�—�•�1�•�Ž�•�œ�ð�1�Ž�œ�™�Ž�Œ�’�Š�•�•�¢�1�•�˜�›�1���–�˜�Œ�,
�û�™����2�,���‘�Ž�ü�ð�1���–�˜�Œ�,���¢�›, and ���–�˜�Œ�,�û�™���
2�,���‘�Ž�ü�ð�1� �’�•�‘�1�œ�•�˜�›�Š�•�Ž�1�–�˜�•�ž�•�’�1�˜�•�1�¿�Z�W�V�1���Š�ð�1�[�V�\�1���Š�ð�1�Š�—�•�1
�[�X�]�1���Š�ð�1�›�Ž�œ�™�Ž�Œ�•�’�Ÿ�Ž�•�¢�ï�1�
�˜� �Ž�Ÿ�Ž�›�ð�1�•�‘�Ž�1�•�Ž�•�Š�•�’�˜�—�1�•�’�–�Ž�1�’�œ�1�—�˜�•�1�•�’�›�Ž�Œ�•�•�¢�1�•�’�—�”�Ž�•�1�•�˜�1�•�‘�Ž�1�–�Ž�Œ�‘�Š�—�’�Œ�Š�•�1�™�›�˜�™-
erties, with tgel �¿�1 �V�ï�[�1 �–�’�—�ð�1 �[�1 �–�’�—�ð�1 �Š�—�•�1 �W�V�1 �–�’�—�1 �•�˜�›�1���–�˜�Œ�,�û�™����2�,���‘�Ž�ü�ð�1 ���–�˜�Œ�,�û�™�����,���‘�Ž�ü, and 
���–�˜�Œ�,�û�™���
3�,���‘�Ž�ü, respectively.

���‘�Ž�1�Ž���Ž�Œ�•�1�˜�•�1�‘�Š�•�˜�•�Ž�—�Š�•�’�˜�—�1� �Š�œ�1�Š�•�œ�˜�1�’�—�Ÿ�Ž�œ�•�’�•�Š�•�Ž�•�1�˜�—�1���–�˜�Œ�,���‘�Ž�ð�1� �’�•�‘�1�œ�ž�‹�œ�•�’�•�ž�•�’�˜�—�œ�1�˜�—�1�•�‘�Ž�1ortho, 
meta, and para�1 �™�˜�œ�’�•�’�˜�—�œ�ð�1 �‹�¢�1 ���ž�˜�›�’�—�Ž�ð�1 �Œ�‘�•�˜�›�’�—�Ž�ð�1 �˜�›�1 �‹�›�˜�–�’�—�Ž�1 �ý�W�[�Y�þ�ï�1 ���—�1 �•�‘�’�œ�1 � �˜�›�”�ð�1 �’�—�1 �•�Ž�›�–�œ�1 �˜�•�1
gelation time, halogenation on the para position is drastically shorter ( tgel�1�¿�1�V�ï�[�1�–�’�—�ü�1�Œ�˜�–�™�Š�›�Ž�•�1
�•�˜�1�‹�˜�•�‘�1meta (tgel�1 �¿�1�Y�.�W�[�1�–�’�—�ü�1�Š�—�•�1ortho (tgel�1 �¿�1�Y�V�.�[�V�1�–�’�—�ü�1�™�˜�œ�’�•�’�˜�—�œ�ï�1�
�˜� �Ž�Ÿ�Ž�›�ð�1�›�Ž�•�Š�›�•�’�—�•�1�•�‘�Ž�1
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mechanical properties, the presence of a halogen in the meta�1�™�˜�œ�’�•�’�˜�—�1�’�œ�1�•�‘�Ž�1�–�˜�›�Ž�1�Ž���Œ�’�Ž�—�•�ð�1�•�˜�•-
�•�˜� �Ž�•�1�‹�¢�1�•�‘�Ž�1ortho�1�Š�—�•�1���—�Š�•�•�¢�1�•�‘�Ž�1para�1�™�˜�œ�’�•�’�˜�—�œ�ï�1���—�1�™�Š�›�Š�•�•�Ž�•�ð�1�•�‘�Ž�1�’�–�™�Š�Œ�•�1�˜�•�1�•�‘�Ž�1�Š�•�˜�–�1�œ�Ž�Ž�–�œ�1�•�˜�1
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�œ�ž�‹�œ�Ž�š�ž�Ž�—�•�1 �™�˜�•�¢�–�Ž�›�’�£�Š�•�’�˜�—�1 �•�Ž�Š�•�œ�1 �•�˜�1 �™�˜�•�¢�Š�Œ�Ž�•�¢�•�Ž�—�Ž�,�Œ�˜�—�•�Š�’�—�’�—�•�1 �‘�¢�•�›�˜�•�Ž�•�1 �Š�™�™�•�’�Ž�•�1 �•�˜�›�1 �Œ�Ž�•�•�1
�Œ�ž�•�•�ž�›�Ž�1 �ý�W�[�_�þ�ï�1 ���ž�›�•�‘�Ž�›�–�˜�›�Ž�ð�1 �œ�ž�‹�œ�•�’�•�ž�•�’�—�•�1 �•�‘�Ž�1 �™�›�’�–�Š�›�¢�1 �Š�–�’�—�Ž�1 �‹�¢�1 �Š�—�1 �Š�Œ�›�¢�•�Š�–�’�•�Ž�1 �•�›�˜�ž�™�1 �•�˜�1
�œ�Ž�Œ�˜�—�•�•�¢�1�•�˜�›�–�1�™�˜�•�¢�Š�Œ�›�¢�•�Š�–�’�•�Ž�1�’�œ�1�Š�•�œ�˜�1�Š�—�1�Š�•�˜�™�•�Ž�•�1�Š�™�™�›�˜�Š�Œ�‘�1�û�Û�]�]�1���’�•�ž�›�Ž�1�W�W�ü�1�ý�W�\�V].

Addition of a hydrazine-containing arm to an amphiphilic peptide was proposed to control 
�•�‘�Ž�1�›�Ž�•�Ž�Š�œ�Ž�1�˜�•�1�”�Ž�•�˜�—�Ž�œ�ï�1���—�•�Ž�Ž�•�ð�1�”�Ž�•�˜�—�Ž�œ�1�Œ�Š�—�1�›�Ž�Š�Œ�•�1� �’�•�‘�1�‘�¢�•�›�Š�£�’�—�Ž�1�•�˜�1�•�˜�›�–�1�Š�1�‘�¢�•�›�Š�£�˜�—�Ž�ï�1���‘�Ž�1�‘�’�•�‘�1
�‘�¢�•�›�˜�•�¢�•�’�Œ�1�œ�•�Š�‹�’�•�’�•�¢�1�˜�•�1�•�‘�’�œ�1�Œ�‘�Ž�–�’�Œ�Š�•�1�•�ž�—�Œ�•�’�˜�—�1�•�Ž�Š�•�œ�1�•�˜�1�Š�1�œ�•�˜� �1�›�Ž�•�Ž�Š�œ�Ž�1�˜�•�1�•�‘�Ž�1�”�Ž�•�˜�—�Ž�,�Œ�˜�—�•�Š�’�—�’�—�•�1
�Œ�˜�–�™�˜�ž�—�•�1�•�›�˜�–�1�•�‘�Ž�1�‘�¢�•�›�˜�•�Ž�•�1�û�Û�]�^�1���’�•�ž�›�Ž�1�W�W�ü�1�ý�W�\�W]. The presence of Boc protecting groups at 
the N �‰ of Lys�ð�1�˜�›�’�•�’�—�Š�•�’�—�•�1�•�›�˜�–�1�•�‘�Ž�1�™�Ž�™�•�’�•�Ž�1�œ�¢�—�•�‘�Ž�œ�’�œ�ð�1�•�Ž���—�’�•�Ž�•�¢�1�’�–�™�›�˜�Ÿ�Ž�œ�1�•�‘�Ž�1�‘�¢�•�›�˜�•�Ž�•�1�™�›�˜�™-
�Ž�›�•�’�Ž�œ�ð�1�Š�œ�1�•�Ž�œ�Œ�›�’�‹�Ž�•�1�•�˜�›�1���–�˜�Œ�,���Š�•�,���Ž�ž�,���¢�œ�û���˜�Œ�ü�1�Š�—�•�1���–�˜�Œ�,���¢�œ�û���˜�Œ�ü�,���Ž�ž�,���Š�•�1�û�Û�]�_�1���’�•�ž�›�Ž�1�W�W). 
���‘�Ž�1���›�œ�•�1�˜�—�Ž�1�’�œ�1�•�‘�Ž�1� �Ž�Š�”�Ž�œ�•�1� �’�•�‘�1�	���1�¿�1�Z�V�V�V�1���Š�1�û�Š�•�1�X�–�1� �&�Ÿ�ü�ð�1� �‘�’�•�Ž�1�•�‘�Ž�1�•�Š�4�Ž�›�1�’�œ�1�•�‘�Ž�1�œ�•�’���Ž�œ�•�1� �’�•�‘�1
�	���1�Á�1�W�V�V�ð�V�V�V�1���Š�1�ý�W�\�X]. The same approach was reported with Fmoc protecting-group simply 
using Lys(N �‰�,���–�˜�Œ�ü�ï�1�
�˜� �Ž�Ÿ�Ž�›�ð�1�•�‘�Ž�1�‘�¢�•�›�˜�•�Ž�•�Š�•�’�˜�—�1� �Š�œ�1�•�›�’�•�•�Ž�›�Ž�•�1�‹�¢�1�Š�•�•�’�•�’�˜�—�1�˜�•�1�˜�—�Ž�1�Ž�š�ž�’�Ÿ�Š-
lent of either ���–�˜�Œ�,���‘�Ž or ���–�˜�Œ�,���Ž�ž�1�Š�—�•�1�‹�˜�•�‘�1� �’�•�‘�1�•� �˜�1�Ž�š�ž�’�Ÿ�Š�•�Ž�—�•�œ�1�˜�•�1���Š2CO�Y. Comparing 
�•�‘�Ž�1�•� �˜�1�–�’�¡�•�ž�›�Ž�œ�ð�1�•�‘�Ž�1�‘�¢�•�›�˜�•�Ž�•�1�•�˜�›�–�ž�•�Š�•�Ž�•�1�•�›�˜�–�1Lys(N �‰�,���–�˜�Œ�ü + ���–�˜�Œ�,���‘�Ž�1�û�Û�^�V�1���’�•�ž�›�Ž�1�W�W) 
is drastically more rigid than the one with ���–�˜�Œ�,���Ž�ž�ð�1� �’�•�‘�1�œ�•�˜�›�Š�•�Ž�1�–�˜�•�ž�•�’�1�˜�•�1�X�[�ð�V�V�V�1���Š�1�Š�—�•�1
�Y�V�V�V�1���Š�ð�1�›�Ž�œ�™�Ž�Œ�•�’�Ÿ�Ž�•�¢�1�ý�W�\�Y, �W�\�Z]. Lastly, a lysine-functionalized peptide reported concerns a 
linear amphiphilic nonapeptide N �‰�,�•�ž�—�Œ�•�’�˜�—�Š�•�’�£�Ž�•�1�’�—�1�œ�Ž�Œ�˜�—�•�1�Š�—�•�1�•�Š�œ�•�1�™�˜�œ�’�•�’�˜�—�1�‹�¢�1�Š�1�‘�’�œ�•�’�—�Ž�1�Š�—�•�1
a palmitoyl (including a C �W�[�1�Š�•�”�¢�•�1�Œ�‘�Š�’�—�ü�ï�1�	�Ž�•�Š�•�’�˜�—�1�™�›�˜�™�Ž�›�•�’�Ž�œ�1�Š�›�Ž�1�’�—�•�Ž�›�Ž�œ�•�’�—�•�ð�1� �’�•�‘�1�Š�1�–�’�—�’�–�ž�–�1
�Œ�˜�—�Œ�Ž�—�•�›�Š�•�’�˜�—�1�›�Ž�š�ž�’�›�Ž�•�1�˜�•�1�V�ï�W�–�1� �&�Ÿ�1�Š�—�•�1�™�
�1�Á�1�\�ï�[�1�ý�W�\�[].

���˜�›�”�’�—�•�1 �˜�—�1�Š�1�X�V�,�–�Ž�›�1 �•�Ž�›�’�Ÿ�Ž�•�1 �•�›�˜�–�1 �������W�ð�1�Š�—�1�’�—�•�Ž�—�’�˜�ž�œ�1�£�’�—�Œ�,�•�›�’�•�•�Ž�›�Ž�•�1 �‘�¢�•�›�˜�•�Ž�•�Š�•�’�˜�—�1� �Š�œ�1
�•�Ž�œ�’�•�—�Ž�•�1 �ž�œ�’�—�•�1 �Š�1�Y�,�Š�–�’�•�˜�Ž�•�‘�˜�¡�¢�Š�–�’�—�˜�•�’�Š�Œ�Ž�•�˜�¡�¢�,�X�,�Š�–�’�—�˜�™�›�˜�™�’�˜�—�’�Œ�1�Š�Œ�’�•�1 �’�—�œ�•�Ž�Š�•�1 �˜�•�1 �Š�1 �Ÿ�Š�•�’�—�Ž�1
at the last position of the peptide sequence. Thus, the two incorporated acid groups perfectly 
���•�1�•�˜�1�‹�’�—�•�1�–�Ž�•�Š�•�œ�ð�1�’�—�1�™�Š�›�•�’�Œ�ž�•�Š�›�1���—2+�ï�1���‘�’�•�Ž�1�—�˜�1�•�Ž�•�Š�•�’�˜�—�1�˜�Œ�Œ�ž�›�œ�1�•�˜�›�1�™�Ž�™�•�’�•�Ž�1�Š�•�˜�—�Ž�1�’�—�1�œ�˜�•�ž�•�’�˜�—�ð�1
�Š�•�•�’�•�’�˜�—�1�˜�•�1���—���•2�1�•�›�’�•�•�Ž�›�œ�1�•�‘�Ž�1�•�˜�›�–�Š�•�’�˜�—�1�˜�•�1�•�‘�Ž�1�‘�¢�•�›�˜�•�Ž�•�1�û�Û�^�W�1���’�•�ž�›�Ž�1�W�W�ü�1�ý�W�\�\�þ�ï�1���—�1�˜�›�•�Ž�›�1�•�˜�1�™�›�˜-
�•�ž�Œ�Ž�1�Œ�˜�–�™�˜�œ�’�•�Ž�1�–�Š�•�Ž�›�’�Š�•�œ�1�Œ�˜�–�™�›�’�œ�Ž�•�1�˜�•�1�™�Ž�™�•�’�•�Ž�1���‹�Ž�›�œ�1�–�’�—�Ž�›�Š�•�’�£�Ž�•�1�‹�¢�1�Œ�Š�•�Œ�’�ž�–�ð�1�Š�—�1�Š�–�™�‘�’�™�‘�’�•�’�Œ�1
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����



�–�˜�•�Ž�Œ�ž�•�Ž�1�˜�•�1�W�W�1�Š�–�’�—�˜�1�Š�Œ�’�•�œ�1�Š�—�•�1�Š�1�•�˜�—�•�1�Š�•�”�¢�•�1�Œ�‘�Š�’�—�1�˜�•�1�W�[�1�–�Ž�•�‘�¢�•�Ž�—�Ž�1�•�›�˜�ž�™�œ�1� �Ž�›�Ž�1�•�Ž�œ�’�•�—�Ž�•�ï�1
The key amino acid is a phosphorylated serine, playing a pivotal role in the formation of 
�Œ�Š�•�Œ�’�ž�–�1�™�‘�˜�œ�™�‘�Š�•�Ž�1�–�’�—�Ž�›�Š�•�œ�ï�1���•�•�Ž�›�1�•�‘�Ž�1�œ�Ž�•�•�,�Š�œ�œ�Ž�–�‹�•�¢�1�˜�•�1�•�‘�Ž�1���‹�Ž�›�œ�ð�1�Œ�¢�œ�•�Ž�’�—�Ž�1�•�‘�’�˜�•�1�•�›�˜�ž�™�œ�1�Š�›�Ž�1

���’�•�ž�›�Ž�1�W�W�ï�1Chemical structures of hydrogel-forming peptides incorporating functionalized side chains.
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�˜�¡�’�•�’�£�Ž�•�1�•�˜�1�•�’�œ�ž�•���•�Ž�œ�1�‹�Ž�•�˜�›�Ž�1�‹�Ž�’�—�•�1�•�›�Ž�Š�•�Ž�•�1�‹�¢�1���Š���•2�ï�1���•�•�Ž�›�1�X�V�1�–�’�—�ð�1�•�‘�Ž�1���‹�Ž�›�œ�1�œ�•�Š�›�•�1�•�˜�1�‹�Ž�1�Œ�˜�Š�•�Ž�•�1
�‹�¢�1�Œ�›�¢�œ�•�Š�•�•�’�—�Ž�1�–�’�—�Ž�›�Š�•�œ�ï�1���‘�Ž�œ�Ž�1�Œ�˜�–�™�˜�œ�’�•�Ž�1�–�Š�•�Ž�›�’�Š�•�œ�1�–�’�–�’�Œ�1�•�‘�Ž�1�Œ�˜�•�•�Š�•�Ž�—�1���‹�›�’�•�œ�1�Š�—�•�1�‘�¢�•�›�˜�¡�¢-
�Š�™�Š�•�’�•�Ž�1�Œ�›�¢�œ�•�Š�•�œ�1�’�—�1�‹�˜�—�Ž�1�ý�W�\�]]. Concerning the phosphorylated serine, another peptide with the 
�œ�Š�–�Ž�1�•�•�˜�‹�Š�•�1�œ�•�›�ž�Œ�•�ž�›�Ž�1�û�Š�•�”�¢�•�1�Œ�‘�Š�’�—�1�Š�—�•�1�W�W�,�–�Ž�›�ü�1�‹�ž�•�1� �’�•�‘�1�Š�1�•�’���Ž�›�Ž�—�•�1�™�Ž�™�•�’�•�Ž�1�œ�Ž�š�ž�Ž�—�Œ�Ž�1�’�œ�1�Š�‹�•�Ž�1
�•�˜�1�•�˜�›�–�1�‘�¢�•�›�˜�•�Ž�•�œ�1�•�˜�›�1� �‘�’�Œ�‘�1�•�‘�Ž�1�–�Ž�Œ�‘�Š�—�’�Œ�Š�•�1�™�›�˜�™�Ž�›�•�’�Ž�œ�1�Œ�Š�—�1�‹�Ž�1�–�˜�•�ž�•�Š�•�Ž�•�1�‹�¢�1�•�‘�Ž�1�Œ�Š�•�’�˜�—�1�Š�•�•�Ž�•�1
�û�Û�^�X�1���’�•�ž�›�Ž�1�W�X�ü�ï�1���—�•�Ž�Ž�•�ð�1� �‘�’�•�Ž�1�Š�1�Ÿ�’�œ�Œ�˜�ž�œ�1�•�’�š�ž�’�•�1�’�œ�1�˜�‹�•�Š�’�—�Ž�•�1� �’�•�‘�1���Š+ or K+�ð�1���•2+ and Ca2+ lead 
�•�˜�1�‘�¢�•�›�˜�•�Ž�•�œ�1� �’�•�‘�1�–�˜�•�Ž�›�Š�•�Ž�1�œ�•�˜�›�Š�•�Ž�1�–�˜�•�ž�•�’�1�û�Š�›�˜�ž�—�•�1�[�V�V�1���Š�ü�ð�1� �‘�’�•�Ž�1� �’�•�‘�1���—2+ or Cu2+, the gels 
�Š�›�Ž�1�•�›�Š�œ�•�’�Œ�Š�•�•�¢�1�œ�•�’���Ž�›�1�û�	���1�¿�1�W�V�ð�V�V�V�1���Š�ü�1�ý�W�\�^].

���˜�›�”�’�—�•�1 �˜�—�1���–�˜�Œ�,���‘�Ž�,���‘�Ž�,�	�•�¢�,�	�•�¢�,�	�•�¢�,���¢�›�ð�1 �Š�—�1 �’�—�—�˜�Ÿ�Š�•�’�Ÿ�Ž�1 �Š�™�™�›�˜�Š�Œ�‘�1 � �Š�œ�1 �Ž�¡�™�Ž�›�’�–�Ž�—�•�Ž�•�ð�1
�‹�Š�œ�Ž�•�1 �˜�—�1 ���ž�û�‹�™�¢�ü�Y

2+-catalyzed photo-crosslinking of two tyrosine residues to give dityro -
�œ�’�—�Ž�1�Š�•�•�ž�Œ�•�ï�1���‘�Ž�1�˜�‹�•�Š�’�—�Ž�•�1�•�’�–�Ž�›�1�Š�Œ�•�œ�1�Š�œ�1�Š�—�1�Ž���Œ�’�Ž�—�•�1�‘�¢�•�›�˜�•�Ž�•�Š�•�˜�›�ð�1� �‘�’�•�Ž�1�•�‘�Ž�1�–�˜�—�˜�–�Ž�›�1�•�˜�Ž�œ�1
�—�˜�•�ð�1 � �’�•�‘�1 �Š�—�1 �’�—�Œ�›�Ž�Š�œ�Ž�1 �˜�•�1 �•�‘�Ž�1 �–�Ž�Œ�‘�Š�—�’�Œ�Š�•�1 �œ�•�Š�‹�’�•�’�•�¢�1 �ž�™�1 �•�˜�1 �W�V�ð�V�V�V�1 �•�’�–�Ž�œ�1 �û�Û�^�Y�1���’�•�ž�›�Ž�1 �W�X�ü�1 �ý�W�\�_]. 
���—�•�Ž�›�Ž�œ�•�’�—�•�•�¢�ð�1�•�˜�›�–�Š�•�’�˜�—�1�˜�•�1�•�’�•�¢�›�˜�œ�’�—�Ž�1�’�œ�1�Š�1�œ�•�›�Š�•�Ž�•�¢�1�ž�œ�Ž�•�1�‹�¢�1���Š�•�ž�›�Ž�1�•�˜�1�’�–�™�›�˜�Ÿ�Ž�1�Ž�•�Š�œ�•�’�Œ�1�™�›�˜�™�Ž�›-
�•�’�Ž�œ�1�˜�•�1�‹�’�˜�–�Š�•�Ž�›�’�Š�•�œ�ð�1�’�—�Œ�•�ž�•�’�—�•�1�•�‘�Ž�1� �Ž�•�•�,�”�—�˜� �—�1�›�Ž�œ�’�•�’�—�ð�1���›�œ�•�1�’�•�Ž�—�•�’���Ž�•�1�’�—�1Drosophilia melano-
gaster�1�ý�W�]�V].

���Š�œ�•�1�˜�•�1�Š�•�•�ð�1�œ�˜�–�Ž�1�™�Ž�™�•�’�•�Ž�1�•�›�ž�•�œ�1�Š�›�Ž�1�Š�‹�•�Ž�1�˜�•�1�‘�¢�•�›�˜�•�Ž�•�Š�•�’�—�•�ð�1�˜���Ž�›�’�—�•�1�ž�—�•�˜�ž�‹�•�Ž�•�1�™�Ž�›�œ�™�Ž�Œ�•�’�Ÿ�Ž�œ�1
�•�˜�›�1�‹�’�˜�–�Ž�•�’�Œ�Š�•�1�Š�™�™�•�’�Œ�Š�•�’�˜�—�œ�ï�1���–�˜�—�•�1�•�‘�Ž�–�ð�1�Š�—�Š�•�˜�•�œ�1�˜�•�1�•�˜�—�Š�•�˜�•�›�˜�™�’�—�,�›�Ž�•�Ž�Š�œ�’�—�•�1�‘�˜�›�–�˜�—�Ž�1�û�˜�›�1
�	�—���
�ü�1� �Ž�›�Ž�1�•�Ž�Ÿ�Ž�•�˜�™�Ž�•�ï�1�	�—���
�1�’�œ�1�Š�1�™�Ž�™�•�’�•�Ž�1�‘�˜�›�–�˜�—�Ž�1�Œ�˜�–�™�˜�œ�Ž�•�1�˜�•�1�W�V�1�Š�–�’�—�˜�1�Š�Œ�’�•�œ�1�û�œ�Ž�š�ž�Ž�—�Œ�Ž�1
�™�¢�›�˜�,�	�•�ž�,�
�’�œ�,���›�™�,���Ž�›�,���¢�›�,�	�•�¢�,���Ž�ž�,���›�•�,���›�˜�,�	�•�¢�,���
2�ü�1�Š�—�•�1�•�’�œ�Œ�˜�Ÿ�Ž�›�Ž�•�1�‹�¢�1�	�ž�’�•�•�Ž�–�’�—�1�ý�W�]�W] 
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�˜�•�1�†�Y�,�•�’�™�Ž�™�•�’�•�Ž�œ�1� �Š�œ�1�œ�¢�—�•�‘�Ž�œ�’�£�Ž�•�ð�1�™�›�˜�•�Ž�Œ�•�Ž�•�1�Š�•�1�•�‘�Ž�1���,�•�Ž�›�–�’�—�ž�œ�1�‹�¢�1�Š�1�—�Š�™�‘�•�‘�Š�•�Ž�—�Ž�1�û���Š�™) deriva-
�•�’�Ÿ�Ž�ï�1���Ž�™�•�’�•�˜�–�’�–�Ž�•�’�Œ�œ�1�Û�^�]�1�û���Š�™�,�����
2�����,�…�	�•�¢�,�†3�
���•�Š, ���’�•�ž�›�Ž�1�W�Y���ü�1�Š�—�•�1�Û�^�^�1�û���Š�™�,���
2�����,
�†3���‘�•�,�†3���‘�• , with ���‘�•  = phenylglycine, ���’�•�ž�›�Ž�1�W�Y���ü�1�‘�Š�Ÿ�Ž�1�›�Ž�Š�œ�˜�—�Š�‹�•�Ž�1�–�Ž�Œ�‘�Š�—�’�Œ�Š�•�1�™�›�˜�™�Ž�›�•�’�Ž�œ�ð�1

�$�P�L�Q�R���$�F�L�G�������1�H�Z���,�Q�V�L�J�K�W�V���D�Q�G���5�R�O�H�V���L�Q���3�O�D�Q�W���D�Q�G���$�Q�L�P�D�O����



�•�‘�Ž�1���›�œ�•�1�˜�—�Ž�1�‹�Ž�’�—�•�1�œ�•�’���Ž�›�1�•�‘�Š�—�1�•�‘�Ž�1�œ�Ž�Œ�˜�—�•�1�˜�—�Ž�1�ý�W�^�X�þ�ï�1���’�•�‘�1�•�‘�Ž�1�œ�Š�–�Ž�1�†3���‘�•  and naphthalene 
�Ž�¡�•�›�Ž�–�’�•�¢�ð�1 �Š�1 �•�›�’�™�Ž�™�•�’�•�Ž�1 �û���Š�™�,���
2�����,�†

3���‘�•�,�†3���‘�•�,�…���¢�›�ð�1 �Û�^�_�1���’�•�ž�›�Ž�1 �W�Y��) was studied as 
�’�—�“�Ž�Œ�•�Š�‹�•�Ž�1�‘�¢�•�›�˜�•�Ž�•�1in vitro and in vivo�ð�1�Š�—�•�1�˜���Ž�›�œ�1�•�˜�—�•�Ž�›�1�‹�’�˜�œ�•�Š�‹�’�•�’�•�¢�1�•�‘�Š�—�1�•�‘�Ž�1�Œ�˜�›�›�Ž�œ�™�˜�—�•�’�—�•�1
�Š�•�•�1�…�,�Œ�˜�—�•�Š�’�—�’�—�•�,�Š�–�’�—�˜�1�Š�Œ�’�•�œ�1�™�Ž�™�•�’�•�Ž�1���Š�™�,���
2�����,�…���‘�Ž�,�…���‘�Ž�,�…���¢�›�1�ý�W�^�Y]. Other compounds 
� �’�•�‘�1�Š�1���–�˜�Œ�1���,�™�›�˜�•�Ž�Œ�•�Ž�•�1�•�›�˜�ž�™�1� �Ž�›�Ž�1�•�Ž�Ÿ�Ž�•�˜�™�Ž�•�1�Š�—�•�1�•�Ž�–�˜�—�œ�•�›�Š�•�Ž�•�1�Š�‹�’�•�’�•�¢�1�•�˜�1�Ž�—�Œ�Š�™�œ�ž�•�Š�•�Ž�1�Š�—�•�1

���’�•�ž�›�Ž�1 �W�Y�ï�1Chemical structures of peptidomimetics (A), and chemical structures of hydrogel-forming peptides 
incorporating peptidomimetics (B).

�$�P�L�Q�R���$�F�L�G�V���0�R�G�L�I�L�F�D�W�L�R�Q���W�R���,�P�S�U�R�Y�H���D�Q�G���)�L�Q�H���7�X�Q�H���3�H�S�W�L�G�H���%�D�V�H�G���+�\�G�U�R�J�H�O�V
�K�W�W�S�������G�[���G�R�L���R�U�J�������������������L�Q�W�H�F�K�R�S�H�Q������������

����



�›�Ž�•�Ž�Š�œ�Ž�1�‹�˜�•�‘�1�Ÿ�’�•�Š�–�’�—�œ�1��2 and B�W�X�1�˜�Ÿ�Ž�›�1�Š�1�™�Ž�›�’�˜�•�1�˜�•�1�–�˜�›�Ž�1�•�‘�Š�—�1�Z�^�1�‘�˜�ž�›�œ�ð�1�Š�•�1�™�‘�¢�œ�’�˜�•�˜�•�’�Œ�Š�•�1�™�
�1�Š�—�•�1
temperature. Their structures are ���–�˜�Œ�,�†���•�Š�,�…���Š�•�1 �û�Û�_�V�1���’�•�ž�›�Ž�1 �W�Y��) and ���–�˜�Œ�,�†���•�Š�,�…���‘�Ž 
�Š�—�•�1�‘�Š�Ÿ�Ž�1�Œ�˜�–�™�Š�›�Š�‹�•�Ž�1�–�Ž�Œ�‘�Š�—�’�Œ�Š�•�1�™�›�˜�™�Ž�›�•�’�Ž�œ�1�Š�—�•�1�›�Ž�•�Ž�Š�œ�Ž�1�™�›�˜���•�Ž�œ�1�ý�W�^�Z�þ�ï�1���—�1�™�Š�›�Š�•�•�Ž�•�ð�1�‘�¢�•�›�˜�•�Ž�•�Š-
tion of ���–�˜�Œ�,�†���•�Š�,�…�
�’�œ�1�û�Û�_�W�1���’�•�ž�›�Ž�1�W�Y���ü�1�’�œ�1�•�›�’�•�•�Ž�›�Ž�•�1�‹�¢�1�Š�•�•�’�•�’�˜�—�1�˜�•�1���—2+�1�Œ�Š�•�’�˜�—�œ�1�ý�W�^�[].

���—�1�Š�1�™�Ž�™�•�’�•�Ž�ð�1�œ�ž�‹�œ�•�’�•�ž�•�’�˜�—�1�˜�•�1�•�‘�Ž�1�—�Š�•�’�Ÿ�Ž�1�Š�–�’�•�Ž�1�•�ž�—�Œ�•�’�˜�—�1�‹�¢�1�Š�—�1�Ž�œ�•�Ž�›�1�•�Ž�Š�•�œ�1�•�˜�1�œ�•�›�ž�Œ�•�ž�›�Ž�œ�1�Œ�Š�•�•�Ž�•�1�•�Ž�™-
�œ�’�™�Ž�™�•�’�•�Ž�œ�ï�1 ���‘�Ž�1 �˜�Œ�•�Š�™�Ž�™�•�’�•�Ž�1 ���–�˜�Œ�,�����
���,�^�1 �û�œ�Ž�š�ž�Ž�—�Œ�Ž�1���–�˜�Œ�,���œ�™�,���•�Š�,���œ�™�,���•�Š�,���¢�œ�,���•�Š�,���¢�œ�,
���•�Š�ü�1� �Š�œ�1�–�˜�•�’���Ž�•�ð�1inter alia�ð�1�‹�¢�1�•�‘�Ž�1�’�—�•�›�˜�•�ž�Œ�•�’�˜�—�1�‹�Ž�•� �Ž�Ž�—�1�•�‘�Ž�1���›�œ�•�1�Š�—�•�1�•�‘�Ž�1�œ�Ž�Œ�˜�—�•�1�Š�–�’�—�˜�1�Š�Œ�’�•�œ�1
�˜�•�1�Š�—�1�Ž�œ�•�Ž�›�1�‹�˜�—�•�ï�1���‘�ž�œ�ð�1���–�˜�Œ�,���œ�™�,�œ�ý�����,���þ���•�Š�,���œ�™�,�œ�ý�����,���þ���•�Š�,���¢�œ�,�œ�ý�����,���þ���•�Š�,���¢�œ�,���•�Š] 
�û�Û�_�X�1���’�•�ž�›�Ž�1�W�Y���ü�1�œ�Ž�•�•�,�Š�œ�œ�Ž�–�‹�•�Ž�œ�1�Š�—�•�1�•�˜�›�–�œ�1�Š�1�‘�¢�•�›�˜�•�Ž�•�ð�1� �’�•�‘�1�‘�¢�•�›�˜�•�¢�•�’�Œ�1�œ�ž�œ�Œ�Ž�™�•�’�‹�’�•�’�•�¢�1�û�‘�¢�•�›�˜�•�¢-
�œ�’�œ�1�Š�•�1�•�‘�Ž�1�Ž�œ�•�Ž�›�1�‹�˜�—�•�1�œ�’�•�Ž�œ�ü�ð�1� �‘�’�Œ�‘�1�˜���Ž�›�1�˜�™�™�˜�›�•�ž�—�’�•�’�Ž�œ�1�•�˜�›�1�Š�™�™�•�’�Œ�Š�•�’�˜�—�œ�1�œ�ž�Œ�‘�1�Š�œ�1�•�’�œ�œ�ž�Ž�1�œ�Œ�Š���˜�•�•�1�˜�›�1
�•�›�ž�•�1�•�Ž�•�’�Ÿ�Ž�›�¢�1�œ�¢�œ�•�Ž�–�1�ý�W�^�\�þ�ï�1���—�Ž�Œ�•�˜�•�Š�•�•�¢�ð�1�•� �˜�1�™�Ž�™�•�’�•�˜�–�’�–�Ž�•�’�Œ�œ�1�Œ�˜�—�•�Š�’�—�’�—�•�1�Š�—�1�˜�¡�Š�•�¢�•�1�•�ž�—�Œ�•�’�˜�—�1
�Š�›�Ž�1�›�Ž�™�˜�›�•�Ž�•�1�•�˜�›�1�•�‘�Ž�’�›�1�Š�‹�’�•�’�•�¢�1�•�˜�1�•�˜�›�–�1�˜�›�•�Š�—�˜�•�Ž�•�1�Š�œ�1� �Ž�•�•�1�Š�œ�1�‘�¢�•�›�˜�•�Ž�•�ð�1�’�—�Œ�•�ž�•�’�—�•�1�Û�_�Y�1�û���’�•�ž�›�Ž�1�W�Y��) 
�ý�W�^�], �W�^�^�þ�ï�1���œ�1� �Ž�•�•�ð�1�Š�1�–�˜�•�Ž�Œ�ž�•�Ž�1�Œ�˜�—�•�Š�’�—�’�—�•�1�Š�1�–�Š�•�Ž�’�Œ�1�Š�Œ�’�•�,�•�’�”�Ž�1�•�ž�—�Œ�•�’�˜�—�1�’�œ�1�Š�‹�•�Ž�1�•�˜�1�•�Ž�•�’�•�¢�1�’�—�1�•�‘�Ž�1�™�›�Ž�œ-
�Ž�—�Œ�Ž�1�˜�•�1�•�’�•�‘�•�1�Š�—�•�1�‹�›�˜�–�’�—�Ž�ï�1���—�•�Ž�Ž�•�ð�1�œ�•�Š�›�•�’�—�•�1� �’�•�‘�1�•�‘�Ž�1���1�Œ�˜�—���•�ž�›�Š�•�’�˜�—�ð�1�����1�’�›�›�Š�•�’�Š�•�’�˜�—�1�û�Y�Y�V�1�—�–�ð�1
�Z�V�V�1���ð�1�Y�V�1�œ�ü�1�Š�—�•�1�‹�›�˜�–�’�—�Ž�1�•�›�’�•�•�Ž�›�1�•�‘�Ž�1�™�‘�˜�•�˜�Œ�‘�Ž�–�’�Œ�Š�•�1�’�œ�˜�–�Ž�›�’�£�Š�•�’�˜�—�1�û�•�˜�›�–�Š�•�’�˜�—�1�˜�•�1�Š�1�•�ž�–�Š�›�¢�•�,�•�’�”�Ž�1
�•�›�˜�ž�™�ü�ï�1���‘�Ž�1�˜�‹�•�Š�’�—�Ž�•�1�•�’�Š�œ�•�Ž�›�Ž�˜�’�œ�˜�–�Ž�›�1�’�œ�1�•�‘�Ž�—�1�Š�‹�•�Ž�1�•�˜�1�œ�Ž�•�•�,�Š�œ�œ�Ž�–�‹�•�Ž�1�û�Û�_�Z�1���’�•�ž�›�Ž�1�W�Y���ü�1�ý�W�^�_].

���—�1�™�Š�›�Š�•�•�Ž�•�ð�1�Š�1�Œ�˜�—�œ�•�›�Š�’�—�Ž�•�1�Š�–�’�—�˜�1�Š�Œ�’�•�1�•�Ž�›�’�Ÿ�Ž�•�1�•�›�˜�–�1�˜�¡�Š�£�˜�•�’�•�’�—�Ž�1� �Š�œ�1�ž�œ�Ž�•�1�‹�¢�1�•�‘�Ž�1�•�›�˜�ž�™�1�˜�•�1���ï�1
Tomasini, named (4R,5S�ü�,�Z�,�Œ�Š�›�‹�˜�¡�¢�,�[�,�–�Ž�•�‘�¢�•�1�˜�¡�Š�£�˜�•�’�•�’�—�,�X�,�˜�—�Ž�1�û�Y�,�•�Ž�4�Ž�›�1�Œ�˜�•�Ž�1Oxd�ü�ï�1���‘�Ž�1���›�œ�•�1
hydrogelator including an Oxd�1�û�Û�_�[�1���’�•�ž�›�Ž�1�W�Y��) was composed of a central alkyl chain, two 
���‘�Ž (one on each side), and two terminal Oxd (one on each side). However, hydrogelation 
�Œ�Š�—�1�˜�—�•�¢�1�˜�Œ�Œ�ž�›�1�’�—�1�Š�1�[�V�&�[�V�1� �Š�•�Ž�›�&���Ž���
�1�–�’�¡�•�ž�›�Ž�1�ý�W�_�V, �W�_�W�þ�1�˜�›�1�_�V�&�W�V�1� �Š�•�Ž�›�&���•���
�1�ý�W�_�X]. The sec-
�˜�—�•�1�œ�¢�œ�•�Ž�–�1�û�Û�_�\�1���’�•�ž�›�Ž�1�W�Y���ü�1�’�œ�1�•�Ž���—�’�•�’�Ÿ�Ž�•�¢�1�–�˜�›�Ž�1�Ž���Œ�’�Ž�—�•�1�û�Œ�™�•�1�¡�¡�ü�1�Š�—�•�1�Ž�¡�‘�’�‹�’�•�œ�1�™�›�˜�™�Ž�›�•�’�Ž�œ�1�˜�•�1
�Ž�—�•�›�Š�™�–�Ž�—�•�1�˜�•�1�Š�›�˜�–�Š�•�’�Œ�1�•�¢�Ž�œ�1�–�Ž�•�‘�¢�•�Ž�—�Ž�1�‹�•�ž�Ž�1�û�Œ�Š�•�’�˜�—�’�Œ�ü�1�Š�—�•�1�Ž�˜�œ�’�—�1���1�û�Š�—�’�˜�—�’�Œ�ü�1�ý�W�_�Y].

Last of all, functionalization of the nitrogen of the amide group was proposed as a way to 
�’�–�™�›�˜�Ÿ�Ž�1 �‘�¢�•�›�˜�•�Ž�•�Š�•�’�˜�—�ï�1 ���Ž�Œ�Š�ž�œ�Ž�1 �˜�•�1 �•�‘�Ž�1 �‘�’�•�‘�1 �Ž���Œ�’�Ž�—�Œ�¢�1 �˜�•�1 �™�‘�Ž�—�¢�•�Š�•�Š�—�’�—�Ž�ð�1 ���,�‹�Ž�—�£�¢�•�1 �•�•�¢�Œ�’�—�Ž�1
(���™�‘�Ž) derivatives synthesized were the following: ���–�˜�Œ�,���‘�Ž�,���‘�Ž�ð�1 ���–�˜�Œ�,���‘�Ž�,���™�‘�Ž�1 �û�Û�_�]�1
���’�•�ž�›�Ž�1 �W�Y��), ���–�˜�Œ�,���™�‘�Ž�,���‘�Ž�1 �û�Û�_�^�1���’�•�ž�›�Ž�1 �W�Y��), and ���–�˜�Œ�,���™�‘�Ž�,���™�‘�Ž�1 �û�Û�_�_�1���’�•�ž�›�Ž�1 �W�Y��). 
���‘�’�•�Ž�1 �•�‘�Ž�1 �•�Š�4�Ž�›�1 �•�Š�’�•�Ž�•�1 �•�˜�1 �•�˜�›�–�1 �Š�1 �‘�¢�•�›�˜�•�Ž�•�ð�1 �•�‘�Ž�1 �•� �˜�1 �™�Ž�™�•�’�•�Ž�œ�1 � �’�•�‘�1 �˜�—�Ž�1���™�‘�Ž inside turned 
�˜�ž�•�1�•�˜�1�‹�Ž�1�•�Ž�œ�œ�1�œ�•�’���1�•�‘�Š�—�1���–�˜�Œ�,���‘�Ž�,���‘�Ž�1�’�—�1�•�‘�Ž�1�œ�Š�–�Ž�1�Œ�˜�—�•�’�•�’�˜�—�œ�ï�1�
�˜� �Ž�Ÿ�Ž�›�ð�1�•�‘�Ž�œ�Ž�1�Ž�¡�™�Ž�›�’�–�Ž�—�•�œ�1
�™�›�˜�Ÿ�’�•�Ž�1�—�Ž� �1�–�˜�•�Ž�Œ�ž�•�Š�›�1�•�˜�˜�•�œ�1�•�˜�1���—�Ž�,�•�ž�—�Ž�1�•�‘�Ž�1�™�›�˜�™�Ž�›�•�’�Ž�œ�1�˜�•�1�™�Ž�™�•�’�•�Ž�1�œ�Ž�•�•�,�Š�œ�œ�Ž�–�‹�•�¢�1�Š�—�•�1�•�Ž�•�Š�•�’�˜�—�1
�™�›�˜�Œ�Ž�œ�œ�1�ý�W�_�Z].

�[�ï�1���˜�—�Œ�•�ž�œ�’�˜�—

���Ž�™�•�’�•�Ž�,�‹�Š�œ�Ž�•�1�‘�¢�•�›�˜�•�Ž�•�œ�1�Š�›�Ž�1�’�—�—�˜�Ÿ�Š�•�’�Ÿ�Ž�1�–�Š�•�Ž�›�’�Š�•�œ�1�Š�‹�•�Ž�1�•�˜�1�Ž���Œ�’�Ž�—�Œ�¢�1�•�Š�Œ�”�•�Ž�1�•�‘�Ž�1�Œ�‘�Š�•�•�Ž�—�•�Ž�œ�1�˜�•�1
�‹�’�˜�Œ�˜�–�™�Š�•�’�‹�•�Ž�1�Š�—�•�1�‹�’�˜�•�Ž�•�›�Š�•�Š�‹�•�Ž�1�œ�˜�•�•�1�–�Š�4�Ž�›�ï�1���Š�’�—�•�¢�ð�1�•�‘�Ž�¢�1�™�Š�Ÿ�Ž�1�•�‘�Ž�1� �Š�¢�1�•�˜�1�™�›�˜�–�’�œ�’�—�•�1�–�Ž�•�’-
�Œ�Š�•�1�Š�—�•�1�‹�’�˜�•�˜�•�’�Œ�Š�•�1�Š�™�™�•�’�Œ�Š�•�’�˜�—�œ�ð�1�Š�—�•�1�’�•�1�’�œ�1�Š�1�œ�Š�•�Ž�1�‹�Ž�•�1�•�‘�Š�•�1�’�—�1�•�‘�Ž�1�—�Ž�¡�•�1�¢�Ž�Š�›�œ�ð�1�•�‘�Ž�’�›�1�–�Š�›�”�Ž�•�1�œ�‘�Š�›�Ž�1� �’�•�•�1
�’�—�Œ�›�Ž�Š�œ�Ž�1 �•�›�Š�œ�•�’�Œ�Š�•�•�¢�ï�1 ���ž�›�•�‘�Ž�›�–�˜�›�Ž�ð�1 �•�‘�Ž�1 ���›�œ�•�1 �Œ�˜�–�–�Ž�›�Œ�’�Š�•�•�¢�1 �Š�Ÿ�Š�’�•�Š�‹�•�Ž�1 �™�Ž�™�•�’�•�Ž�,�‹�Š�œ�Ž�•�1 �‘�¢�•�›�˜�•�Ž�•�1
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