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Abstract

UCH-L1 (ubiquitin carboxyl-terminal hydrolase L1) is a protein, which plays an 
important role in ubiquitin-proteasome system. Many previous reports showed the 
relation between UCH-L1 and neurodegenerative diseases, diabetes, as well as can-
cer. However, the mechanism still remains unclear. In the aim to investigate the func-
tions and regulatory mechanism of UCH-L1 in living organism, Drosophila melanogaster 
model was utilized to examine the role of UCH-L1. This chapter provides a summary 
�˜�—�1�›�Ž�Œ�Ž�—�•�1���—�•�’�—�•�œ�1�›�Ž�•�Š�•�Ž�•�1�•�˜�1�•�‘�Ž�1�›�˜�•�Ž�œ�1�˜�•�1�����
�,���W�1�‹�Š�œ�Ž�•�1�˜�—�1�•�‘�Ž�1�–�˜�•�Ž�•�ï�1���’�›�œ�•�ð�1�Š�‹�—�˜�›�–�Š�•�1
expression of Drosophila ubiquitin carboxyl-terminal hydrolase (dUCH) leads to the 
�•�Ž�•�Ž�Œ�•�œ�1�˜�—�1���¢�1�•�’�œ�œ�ž�Ž�1�•�Ž�Ÿ�Ž�•�˜�™�–�Ž�—�•�1�Š�—�•�1�•�ž�—�Œ�•�’�˜�—�ï�1�	�Š�’�—�1�•�ž�—�Œ�•�’�˜�—�1�˜�•�1�•�����
�1�’�—�1�•�‘�Ž�1�Ž�¢�Ž�1�’�–�Š-
ginal discs induced a rough eye phenotype in the adult, partly resulting from induction 
of caspase-dependent apoptosis, upset of photoreceptor cell distribution and omma-
�•�’�•�’�ž�–�1�Š�™�’�Œ�Š�•�1�–�’�œ�™�Š�4�Ž�›�—�’�—�•�ï�1���—�•�Ž�›�Ž�œ�•�’�—�•�•�¢�ð�1�•�‘�Ž�1�•�����
�1�˜�Ÿ�Ž�›�Ž�¡�™�›�Ž�œ�œ�’�˜�—�1�˜�•�1�’�—�•�ž�Œ�Ž�•�1�›�˜�ž�•�‘�1
eye phenotype was completely recused by co-expression either Sevenless or Draf of 
the mitogen-activated protein kinase pathway. Besides, knockdown dUCH in dopa -
�–�’�—�Ž�›�•�’�Œ�1�—�Ž�ž�›�˜�—�œ�1�›�Ž�œ�ž�•�•�Ž�•�1�’�—�1�œ�˜�–�Ž�1���Š�›�”�’�—�œ�˜�—���œ�1�•�’�œ�Ž�Š�œ�Ž�/�•�’�”�Ž�1�™�‘�Ž�—�˜�•�¢�™�Ž�œ�1�’�—�1���¢�ï�1���Š�”�Ž�—�1
�•�˜�•�Ž�•�‘�Ž�›�ð�1�•�‘�˜�œ�Ž�1���—�•�’�—�•�œ�1�’�—�1Drosophila�1�–�˜�•�Ž�•�1�Œ�˜�—�•�›�’�‹�ž�•�Ž�•�1�Š�1�œ�’�•�—�’���Œ�Š�—�•�1�•�����
�1�’�—�1�•�’�œ�œ�ž�Ž�1
development and function.

Keywords:  Drosophila melanogaster, UCH-L1, human diseases, eye development,  
anti-dUCH antibody

1. Introduction

Ubiquitin carboxyl-terminal hydrolase L1 (UCH-L1), a protein of 223 amino acids (aa), 
weighs about 24,824 Da, a period lasting for more than 48 half-hour. UCH-L1 is an abun-
dant protein in neurons, accounting for 1–2% of the total protein in the human brain [ 1]. In 
addition to the brain, UCH-L1 is also expressed strongly in the peripheral nervous system, 

�i�������������7�K�H���$�X�W�K�R�U���V�������/�L�F�H�Q�V�H�H���,�Q�7�H�F�K�����7�K�L�V���F�K�D�S�W�H�U���L�V���G�L�V�W�U�L�E�X�W�H�G���X�Q�G�H�U���W�K�H���W�H�U�P�V���R�I���W�K�H���&�U�H�D�W�L�Y�H���&�R�P�P�R�Q�V
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including sensory and nervous system activity. UCH-L1 belongs to remove the tagged 
enzyme (deubiquitinating enzyme (DUB)), an important protein in ubiquitin proteasome 
system (UPS). UCH-L1 hydrolases the peptide bond between ubiquitins and also plays a 
function as a ligase when it be in dimer form [ 2, 3]. UCH-L1 is an enzyme which binds to 
the polyubiquitin chains and released the single ubiquitin in the ubiquitin proteasome sys -
tem. However, when UCH-L1 is in binary form, UCH-L1 leads to the formation of a polyu -
biquitin chain linked through lysine 63 (K63). Although the main activity of UCH-L1 is 
still unclear, UCH-L1 has been believed to play its role through maintaining a pool of free 
monomeric ubiquitin which is important for the function of ubiquitin proteasome system 
[4]. Abnormal function of UCH-L1 leads to the reduction of protein degradation, followed 
by the accumulation of ubiquitinated protein [ 5–7]. UCH-L1, therefore, may relate to many 
biological processes which dependent to ubiquitination including DNA repair, cell signal -
�•�’�—�•�ð�1�•�›�Š���Œ�”�’�—�•�ð�1�Ž�—�•�˜�Œ�¢�•�˜�œ�’�œ�1�Š�—�•�1�•�Ž�•�›�Š�•�Š�•�’�˜�—�ï

���—�1�W�_�_�^�ð�1�Š�1�–�’�œ�œ�Ž�—�œ�Ž�1�–�ž�•�Š�•�’�˜�—�1�˜�•�1�����
�,���W�1�û���_�Y���ü�1� �Š�œ�1���›�œ�•�1�’�•�Ž�—�•�’���Ž�•�1�’�—�1�Š�1�	�Ž�›�–�Š�—�1�•�Š�–�’�•�¢�1� �’�•�‘�1
Parkinson’s disease (PD) [8]. By contrast, another variant of UCH-L1 (S18Y) was discovered 
as a factor in the risk reduction of PD [9]. Other studies also found that UCH-L1 was related 
�•�˜�1�Š�‹�—�˜�›�–�Š�•�1�Š�Œ�Œ�ž�–�ž�•�Š�•�’�˜�—�1�Š�—�•�1�Š�•�•�›�Ž�•�Š�•�’�˜�—�1�˜�•�1�…�,�œ�¢�—�ž�Œ�•�Ž�’�—�1� �‘�’�Œ�‘�1�•�Ž�Š�•�œ�1�•�˜�1�•�˜�›�–�Š�•�’�˜�—�1�˜�•�1���Ž� �¢�1
bodies [3�þ�ï�1 ���ž�›�•�‘�Ž�›�–�˜�›�Ž�ð�1 �•�›�Š�Œ�’�•�Ž�1 �Š�¡�˜�—�Š�•�1 �•�¢�œ�•�›�˜�™�‘�¢�1 �û�	�����ü�1 �–�˜�ž�œ�Ž�1 � �‘�’�Œ�‘�1 �Œ�Š�›�›�’�Ž�œ�1 �Š�1 �•�Ž�•�Ž�•�’�˜�—�1
within UCH-L1 gene manifested motor ataxia, axonal degeneration and a reduction in the 
monoubiquitin level in neurons [10–12].

On the other hand, many studies indicated that UCH-L1 involved too many types of human 
cancer [4]. High expression of UCH-L1 was found in many types of cancers such as breast 
cancer, non-small cell lung cancer [13, 14]. UCH-L1 expression can be self-upregulated 
�Ÿ�’�Š�1�˜�—�Œ�˜�•�Ž�—�’�Œ�1�†�,�Œ�Š�•�Ž�—�’�—�&�������1�Š�Œ�•�’�Ÿ�Š�•�’�˜�—�ï�1���‘�Ž�1�����
�,���W�1�ž�™�›�Ž�•�ž�•�Š�•�Ž�œ�1�˜�—�Œ�˜�•�Ž�—�’�Œ�1�†�,�Œ�Š�•�Ž�—�’�—�1�‹�¢�1
which feedback regulates the expression of uch-l1 gene [15]. UCH-L1 may also promote 
�Œ�Š�—�Œ�Ž�›�1 �–�Ž�•�Š�œ�•�Š�œ�’�œ�1 �Ÿ�’�Š�1 �†�,�Œ�Š�•�Ž�—�’�—�,�’�—�•�ž�Œ�Ž�•�1 �Ž�™�’�•�‘�Ž�•�’�Š�•�,�•�˜�,�–�Ž�œ�Ž�—�Œ�‘�¢�–�Š�•�1 �•�›�Š�—�œ�’�•�’�˜�—�1 �ý16, 17]. 
High levels of UCH-L1 may promote oncogenic transformation, invasion and metastasis, 
and the function of UCH-L1 might due to the enhancement of Akt signalling in vitro and 
in vivo [ 16, 18, 19].

By contrast, UCH-L1 had been also reported as a tumor suppressor in many other studies. 
The downregulation of UCH-L1 was observed in various types of cancer such as esophageal 
cancer, breast cancer, prostate cancer and pancreatic cancer [20–24]. Reduction in UCH-L1 
expression leads to cell proliferation arrest and p53-mediated apoptosis [22, 25].

In humans, the gene coding for UCH-L1 is located in the short arm of chromosome 4 at posi-
tion 14, from base pair 40,953,685 to 40,965,202, 11,518 base pairs long [26]. In Drosophila 
melanogaster�ð�1 �ž�‹�’�š�ž�’�•�’�—�1 �Œ�Š�›�‹�˜�¡�¢�•�,�•�Ž�›�–�’�—�Š�•�1 �‘�¢�•�›�˜�•�Š�œ�Ž�1 �û�•�����
�ü�1 �Ž�—�Œ�˜�•�Ž�•�1 �‹�¢�1 ���	�Z�X�\�[�1 �•�Ž�—�Ž�1 �’�œ�1 �Š�1
homolog of human UCH-L1 (hUCH-L1). The identity and similarity between dUCH and 
hUCH-L1 are 44.5 and 75.7%, respectively. In this chapter, we provide a summary on recent 
���—�•�’�—�•�œ�1�›�Ž�•�Š�•�Ž�•�1�•�˜�1�•�‘�Ž�1�›�˜�•�Ž�œ�1�˜�•�1�����
�,���W�1�’�—�1�•�’�Ÿ�’�—�•�1�˜�›�•�Š�—�’�œ�–�œ�1�‹�¢�1Drosophila�1�–�˜�•�Ž�•�œ�ï�1���‘�˜�œ�Ž�1���—�•-
ings indicated that dUCH (ortholog of human UCH-L1 in Drosophila) plays an important role 
tissue development and involves in Parkinson’s disease.

�'�U�R�V�R�S�K�L�O�D���P�H�O�D�Q�R�J�D�V�W�H�U�������0�R�G�H�O���I�R�U���5�H�F�H�Q�W���$�G�Y�D�Q�F�H�V���L�Q���*�H�Q�H�W�L�F�V���D�Q�G���7�K�H�U�D�S�H�X�W�L�F�V������



2. Drosophila  model in the study role of UCH-L1

2.1. Homolog of human ubiquitin carboxyl-terminal hydrolase L1 (UCH-L1) in 
Drosophila melanogaster

The survey of the Drosophila�1�•�Ž�—�˜�–�Ž�1�•�Š�•�Š�‹�Š�œ�Ž�1�Š�•�•�˜� �Ž�•�1�Š�—�1�’�•�Ž�—�•�’���Œ�Š�•�’�˜�—�1�˜�•�1�•�‘�Ž�1���	�Z�X�\�[�1�Š�œ�1�Š�1
�‘�˜�–�˜�•�˜�•�1 �˜�•�1 �•�‘�Ž�1 �‘�ž�–�Š�—�1�����
�,���W�ï�1 ���‘�Ž�1 ���	�Z�X�\�[�1 �•�Ž�—�Ž�ð�1 �—�Š�–�Ž�•�1 �Š�œ�1�•�����
�1 �ûDrosophila ubiquitin 
carboxyl-terminal hydrolase), encodes a 224-amino-acid protein that shows 44.5% identity 
and 75.7% similarity with human UCH-L1. The Cys residue at amino acid (aa) position 90 and 
the His residue at aa 161, both of which are essential for hydrolase activity of human UCH-L1 
[27–29], are conserved in Drosophila melanogaster along with several other species including 
Mus musculus and Caenorhabditis elegans (Figure 1).

2.2. Generation of anti-dUCH antibody

Since Drosophila melanogaster has been shown to be a compatible model for studying human 
diseases, the UCH-L1 homologous protein in Drosophila melanogaster (dUCH) is utilized for 
analyzing the role of UCH-L1 in living system. Thereby, anti-dUCH antibody is essential for 
research and needs to be generated. The produced anti-dUCH antibody was shown to have 
�‘�’�•�‘�1�œ�™�Ž�Œ�’���Œ�’�•�¢�1�Š�—�•�1�œ�Ž�—�œ�’�•�’�Ÿ�’�•�¢�1�•�˜�1�•�‘�Ž�1�•�����
�1�™�›�˜�•�Ž�’�—�ï�1���‘�Ž�1�Š���—�’�•�¢�1�˜�•�1�•�‘�Ž�1�Š�—�•�’�‹�˜�•�¢�1�’�œ�1�W�ñ�Y�X�V�ð�V�V�V�1
�Š�•�1�]�ï�^�W�1�—�•�&�•�•�1�Š�—�•�’�•�Ž�—�1�Œ�˜�—�Œ�Ž�—�•�›�Š�•�’�˜�—�ï�1���‘�Ž�1�W�ñ�Z�V�ð�V�V�V�1�•�’�•�ž�•�’�˜�—�,�™�›�˜�•�ž�Œ�Ž�•�1�Š�—�•�’�‹�˜�•�’�Ž�œ�1�Œ�Š�—�1�•�Ž�•�Ž�Œ�•�1�Š�—�•�’-
�•�Ž�—�1�Š�•�1�Š�1�•�˜� �1�Œ�˜�—�Œ�Ž�—�•�›�Š�•�’�˜�—�1�V�ï�_�^�1�—�•�&�•�•�1�ý30�þ�ï�1���Ž�œ�’�•�Ž�œ�ð�1�•�‘�Ž�1�Š�—�•�’�‹�˜�•�¢�1�œ�‘�˜� �Ž�•�1�Š�1�‘�’�•�‘�1�œ�™�Ž�Œ�’���Œ�’�•�¢�1�•�˜�›�1

Figure 1. Amino acid sequences of UCH-L1 protein between human (hUCH-L1), mouse (mUCH-L1), Drosophila 
(dUCH-L1) and C. elegans (cUBH-L1). The identity and similarity between human and Drosophila were 44.5 and 75.7%, 
respectively. Identical amino acids are shaded in dark grey, and similar amino acids are shaded in light grey. The red 
�•�Ž�4�Ž�›�œ�1�’�—�•�’�Œ�Š�•�Ž�1�•�‘�Ž�1�’�•�Ž�—�•�’�Œ�Š�•�1�Š�–�’�—�˜�1�Š�Œ�’�•�œ�1�Š�•�1�Š�Œ�•�’�Ÿ�Ž�1�œ�’�•�Ž�œ�ï�1���•�ž�œ�•�Š�•�1���–�Ž�•�Š�1�û�W�ï�X�ï�Z�ü�1�–�ž�•�•�’�™�•�Ž�1�œ�Ž�š�ž�Ž�—�Œ�Ž�1�Š�•�’�•�—�–�Ž�—�•�1� �Š�œ�1�Š�™�™�•�’�Ž�•�ï
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Drosophila either in Western blot or in immunostaining. When the dUCH was overexpressed 
�’�—�1���¢�1�Ž�¢�Ž�1�’�–�Š�•�’�—�Š�•�1�•�’�œ�Œ�œ�1�ž�œ�’�—�•�1�•�‘�Ž�1�	�����Z�&�������1�œ�¢�œ�•�Ž�–�ð�1�•�‘�Ž�1�•�����
�1�™�›�˜�•�Ž�’�—�1�•�Ž�Ÿ�Ž�•�1� �Š�œ�1�œ�™�Ž�Œ�’���Œ�Š�•�•�¢�1
�›�Ž�Œ�˜�•�—�’�£�Ž�•�1�‹�¢�1�•�‘�Ž�1�Š�—�•�’�,�•�����
�1�Š�—�•�’�‹�˜�•�¢�ð�1�Š�—�•�1�•�‘�Ž�1�Š�—�•�’�‹�˜�•�¢�1�œ�Ž�—�œ�’�•�’�Ÿ�’�•�¢�1�œ�‘�˜� �Ž�•�1�•�’���Ž�›�Ž�—�•�1�•�Ž�Ÿ�Ž�•�œ�1
of the dUCH target protein in Drosophila tissues either in Western blot or in immunostaining 
(Figure 2). Success in producing dUCH antibody provides a good material for further experi -
ments in the study role of UCH-L1 by Drosophila model.

2.3. Drosophila  model for studying the UCH-L1 role in tissue development

Being a member of ubiquitin proteasome system (UPS), UCH-L1 is thought to be involved in 
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the upstream of duch gene in transgenic Drosophila and caused the duch gene expression. (B) Western blot analysis of 
total protein from eye imaginal discs with polyclonal anti-dUCH antibody (above) and monoclonal anti-alpha tubulin 
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in Drosophila brain tissue, the third larval crawling ability was strongly defected ( Figure 3). 
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in maintaining normal Drosophila tissue development.

On the other hand, overexpression of dUCH in Drosophila melanogaster showed an apoptosis 
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appeared in typical shape and position. However, overexpression of dUCH in pupal retinae 
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distorted. In addition, the morphology of pigment cells was aberrant. Defects in the shape 
and the number of primary pigment cells were detected. The shape of secondary and tertiary 
pigment cells (interommatidial pigment cells) was altered. In addition to the morphological 
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changes, the alignment of these cells was confused. In many regions, adjacent ommatidia 
were separated by more than one layer of interommatidial pigment cells. As a consequence, 
ommatidia in abnormal region did not maintain hexagonal shape. Bristles were misplaced, 
possibly due to the aberrance of pigment cells (Figure 6).

Interestingly, co-expressing dUCH with Sevenless or Draf in eye imaginal discs could sup -
press the rough eye phenotype induced by overexpressing dUCH. It is therefore likely that 
overexpression of dUCH downregulates the MAPK pathway, resulting in impairment of eye 
development (Figure 7) [31].

2.4. Drosophila  model for studying the UCH-L1 role in Parkinson’s disease
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family with autosomal dominant PD [ 8]. Transgenic mice that overexpression of UCH-L1I93M 
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Figure 4. Overexpression of dUCH induces caspase-dependent apoptosis in eye imaginal discs. (a–e) Scanning electron 
micrographs of adult compound eyes. (a’-e’) Immunostaining of the eye imaginal discs with anti-active caspase-3 
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(brackets) behind the morphogenetic furrow of eye discs overexpressing dUCH (b’) and the lack of signals detected in eye 
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mice showed neuronal loss in the spinal gracile tract and exhibit early development sensory 
and progressive motor ataxia [7]. However, another mutation UCH-L1S18Y is dedicated that 
decreased rick in PD by antioxidant and neuron-protective function [ 32]. Therefore, the mech-
anism of UCH-L1 still remains unclear. In Drosophila�1 �–�˜�•�Ž�•�ð�1 �œ�™�Ž�Œ�’���Œ�1 �”�—�˜�Œ�”�•�˜� �—�1 �•�����
�1 �’�—�1
dopaminergic neuron caused a degeneration of DA neurons and resulted in locomotor dys -
functions (Figures 8 and 9).

2.5. Materials and methods

2.5.1. Fly stocks
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dry yeast. Wild-type strain Canton-S was obtained from the Bloomington Drosophila Stock Center 
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2.5.2. Western immunoblot analysis
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each of antipain, chymostatin and phosphoramidon. Homogenates were centrifuged, and extracts 
(200 g of protein) were electrophoretically separated on SDS-polyacrylamide gels containing 10% 
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2.5.3. Immunostaining
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2.5.4. Crawling assay

Male larvae in the early third instar stage were collected randomly and washed with PBS to 
discard food traces. After that, larvae were transferred to agar plates containing 2% agar with 
a density of 2–4 larvae per plate. The movement of larvae was recorded by a digital camera 
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2.5.5. Climbing assay
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1 (between 2 and 4 cm), 2 (between 4 and 6 cm), 3 (between 6 and 8 cm), 4 (between 8 and 
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lose their locomotor abilities.

2.5.6. Conclusion and perspective

UCH-L1 was known as a complex and unclear function protein. It has several irrelevant 
activities as hydrolase and ligase, which are also related to ubiquitin. Previous reports 
showed that abnormal UCH-L1 functioning, caused by mutations or change in levels of pro -
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with impacts on cell proliferation, cell cycling and cell death through activation of many 
genes [33, 34]. In this chapter, some data compatibly demonstrated that overexpression of 
dUCH, a homolog of human UCH-L1 in Drosophila melanogaster-induced apoptosis, inter -
fered eye development by upset distribution of photoreceptor cell distribution and caused 

Figure 8. Loss of DL1 dopaminergic (DA) neurons in dUCH knockdown brain lobe. DA neuron clusters in the third 
instar larval were stained by anti-tyrosine hydroxylase antibody (anti-TH (green)). (A) Whole brain lobe with DA 
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mitogen-activated protein kinase pathway. On the other hand, knockdown dUCH resulted 
in defect of tissue development and function. Particularly, knockdown dUCH in dopami -
�—�Ž�›�•�’�Œ�1�—�Ž�ž�›�˜�—�1�’�–�™�Š�’�›�Ž�•�1 ���¢�1 �•�˜�Œ�˜�–�˜�•�’�˜�—�1�Š�—�•�1 �•�Ž�•�Ž�—�Ž�›�Š�•�Ž�•�1 �•�˜�™�Š�–�’�—�Ž�›�•�’�Œ�1�—�Ž�ž�›�˜�—�œ�ï�1 ���Ž�œ�’�•�Ž�œ�1
the Drosophila�1�–�˜�•�Ž�•���œ�1�‹�Ž�—�Ž���•�œ�ð�1�Š�œ�1� �Ž�•�•�1�Š�œ�1�•�‘�Ž�1�Œ�˜�›�›�Ž�•�Š�•�’�˜�—�1�‹�Ž�•� �Ž�Ž�—�1Drosophila UCH (dUCH) 
and human UCH (UCH-L1), these data strongly demonstrated that Drosophila melanogaster 
is an advantage model to investigate the functions and regulatory mechanism of UCH-
L1 in living organism.
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