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Deubiquitinating Enzyme nonstop Regulates Cone Cells

Development in Drosophila Eye

Shi Weijie, Shen Chenghao, Lin Yi, Chen Yuting, Ye Xiaolei, Feng Ying*, Lin Xinhua*
(School of Optometry, Wenzhou Medical University, Wenzhou 325027, China)

Abstract Deubiquitinating enzymes (DUBs) are kinds of protein involved in the regulation of protein
stability in eukaryotic cells, and play important roles in cell processes including the regulation of cell cycle, cell
signal transduction, protein degradation, DNA repair and gene expression. The function of DUBs is to cleave
ubiquitin (Ub) from Ub-conjugated protein substrates, and dysfunction of DUBs causes many diseases. In the
current study, we used Drosophila as a model to explore the function of deubiquitinating enzyme nonstop (not)
in cone cells development. Our results showed that the protein level of Cut was reduced in not mutant cells in
eye imaginal disc. In the pupal eye, knockout not affected the differentiation of cone cells and primary pigment
cells. The further study showed that the expression level of D-Pax2 was changed and the differentiation of
R1/R6 photoreceptor was abnormal in not mutant cells. However, the protein level of Lozenge (Lz) and the

avtivity of epidermal growth factor receptor (EGFR) and Notch signaling were not affected in not mutant cells.
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Taken together, our result indicated that not may affect the differentiation of cone cells and primary pigment

cells by regulating the expression level of D-Pax2 and the differentiation of R1/R6 photoreceptor.
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A: Drosophila not protein was highly conserved with human and mouse USP22; B: schematic diagram of the not mutant by P element-mediated

knockout technique.

E1 notEBREIREL XS Knot5 L i 3T

Fig.1 Homology of not protein and generation of nof mutant
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A~A”: =4 R B R A, notBE TR 9848 TR A Cutd F K F . A: AEGFPAN B AR it not 5 AR AR I il A’: not9E 4R Cuts (A KT T 1.
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A-A”: in eye imaginal disc, nof mutant caused reduction of Cut protein level. A: non-GFP marked nof mutant cells; A’: the protein level of Cut was
reduced in not mutant cell. B-C”: in Drosophila pupal eye, the number of cone cells was changed. B,C: the GFP marked not mutant cells; B’,C’: the
number of cone cells was changed in nof mutant (Cut labeled the nuclear of cone cells, and the Dlg labeled the outline of cone cells).

B2 notE[EZRE X CutE A Bk FFIELHA 5 L B ST

Fig.2 Effect of not knock-out on protein level of Cut and differentiation of cone cells

A~A"": LRI, notdE R T4 T BN G 2 ANM o3 6 R A 525 . A: GFPARIC ot RASARANAL; A*: DIghE (i bsic HEAN M AE 565 A”: BarHI
R A BRI O RAN, Enor AL AN b, W02 AN o3 AR A 5

A-A’”: the differentiation of primary pigment cells was abnormal in not mutant. A: GFP marked not mutant cells. A’: the Dlg marked cone cells outline.
A”: the BarH1 marked primary pigment cells. The differentiation of primary pigment cells was abnormal in nof mutant.

B3 notEE PRI HIHR & R HHIF

Fig.3 Effect of not knock-out on differentiation of primary pigment cells
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A~A HUE =4 ORI A A, i R knotifi BCut E I TIKF . A: GFPARICTEFEA AL A*: 7531 Fiknot & BT K nor RAZ AL Y, Cutd
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A-A’": in eye imaginal disc, overexpression of V5-not recovered the protein level of Cut. A: GFP marked the clone cells; A’: overexpression of V5-
not recovered the protein level of Cut in not mutant cells; A”: V5 marked the protein level of exogenous not protein. B-B*”’: in Drosophila pupal eye,
overexpression of V5-not rescued abnormal number of cone cells caused by not mutant. B: GFP marked clone cells in pupal eye; B’: the number of
cone cells became normal when overexpression of V5-not protein in not mutant; B”: V5 marked the protein level of exogenous not protein in pupal
eye.

B4 T RiEnotiKinorsEZE 51 ERIERE
Fig.4 Overexpression of not rescued the defect caused by nof mutant
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A=A =R IR AU, norRAZ FERI/ROICEAZ SN 0574 - A GFPARICnorRARANL; A’ BarHIARICRI/ROIGEAZ 2341 - not
FEAARGNM A, BarH 12 57K B3 8 R ; A7 nor ARG, Cutsz A B/KF .
A-A": in the eye imaginal disc, the differentiation of R1/R6 photoreceptor was abnormal in not mutant. A: GFP marked not mutant cells; A’: BarH1
marked R1/R6 photoreceptor in eye imaginal disc. The protein level of BarH1 was significantly reduced in nof mutant; A’’: the protein level of Cut was
reduced in 7ot mutant.
El5 noRESHRURCHEZ F[MPIURE
Fig.5 The differentiation of R1/R6 photoreceptor was abnormal in nof mutant

34 0 wllls
B 0/ mutant

Normalized expression
[\ ]

\No\'\ \No\:\' @Qf\ 0@”1'

Oﬁ in
A~A™: IR B, not S48 T VAD-Pax2 0B BT . A: GFPHRCnor S HAIN A”: ZEnor RASIILT, D-Pax2 03 KT K A
BRI, A7 fEnot IR AL+, Cut® A /KT Fil. B: RT-gPCRIGWI1118F1not 774K Finot 5 D-Pax2 ffimRN A 7K - (not- 1 Fnot-243 Jll 46 I
will18FnotFEAE R Finotd K FImRNA K-, D-Pax2-1F1D-Pax2-243 546 w1118 Fnot 5378 f& vf D-Pax 23 K (I mRN A K ) »
A-A’": in eye imaginal disc, the protein level of D-Pax2 was reduced in not mutant. A: GFP marked not mutant cells; A’: the protein level of D-Pax2

was significantly reduced in not mutant; A”: the protein level of Cut was reduced in not mutant. B: RT-qRCR to examine the mRNA level of not and

D-Pax2 in wl118 and not mutant, respectively. The primers of not-1 and not-2 examined the mRNA level of not in w/118 and not mutant. The primers
of D-Pax2-1 and D-Pax2-2 examined the mRNA level of D-Pax2 in w1118 and not mutant.

El6 nofiFiED-Pax2f) Rk
Fig.6 not regulated the expression of D-Pax2

A~A”: =4 BRI R AL, not BRI Lz KT A: GFPARICnot SR ANM; A’: notFEARAR R, L2 [ UK V-3 A 32 215400
A-A”: in eye imaginal disc, the protein level of Lz was not affected in nof mutant. A: GFP marked the not mutant cell; A’: the protein level of Lz was not
affected in not mutant.
E7 notsLE AN LzR & B Bk T
Fig.7 The protein level of Lz was not affected in not mutant
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A~C”: = %)) R I W R A, not A AN RS MEGFRAE 5B K 1035 1 . A~A”: notZA R, EGFRAS 538 B B AR Spi 1 8 11 UK AR BZ 52 . A:
GFPHRICnot RAZ AL A*: norFAEVR T, Spift) B F1 UK P A Z 5 . B~B”: not AR, EGFRAR ‘518 B4 152 AR EGFR 118 17 FUK P AN SZ 00
B: AFGFPARilnor AR AR, B’: not ALK, EGFRIGE F UK P B 2 . C~C”: notRAZ M, EGFRIE 5l B 1 R Ui Bl 1 pERKK 22 1
JRACEASZ R . C: AEGFPERICnot RAZALN; C: nor RAEMAR, pERKIW R [ T 7K 35 52 760

A-C”: in eye imaginal disc, the activity of EGFR signaling was not affected in nof mutant. A-A”’: the protein level of Spi, the ligand of EGFR signaling,
was not affected in nof mutant. A: GFP marked nof mutant cells; A’: the protein level of Spi was not affected in nof mutant. B-B”’: the protein level of
EGFR, the receptor of EGFR signaling, was not affected in not mutant. B: the non-GFP marked nof mutant cells; B’: the protein level of EGFR was not
affected in not mutant. C-C”’: the protein level of pERK was not affected in nof mutant cells. C: the non-GFP marked nof mutant cells; C’: the protein
level of pERK was not affected in not mutant cells.

E8 norRE A MEGFRIESEEAEN
Fig.8 The activity of EGFR signaling was not affected in nof mutant
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Merge

Merge

Merge

A~D”: =4 R E H A, not T8 AN EE I Notchs SR T . A~A”: notZ784A 1, Notch(s 5 38 B HC /A Deltall 2 () /K FASSZ R . A
AEGFPARICnor TRASRANNE; A*: notTAEAA T, Deltaft) 8 H UK AR M . B~B”: not RAM 1, Notch(F 5 il #% 1 2 A Notch 1 5 H TUK-F A%
20, B: AEGFPARICnot BRI B: notZAZ /R, Notch [ 8 H /K- 52520 . C~C”: norZZZ PR, Noteh/F 51l ¥ ) N i ¢ 5 1
Su(H)MEE R KA ZR M. C: AEGFPARICnot 5 RAIM; C: not9AE PR, Su(H)IER FR/KFANZ RN . D~D”: not9 4 H1, Notchfs 5
IR 7 REEE R E(sp)m8(HI B-GALAR L) U mRNAZK VA 32 50 . D: IEGEPARICnot AR IL; D notZ7Z 4k, E(sp)m8 I mRNA/K V- A
ZHAM

A-D”: in eye imaginal disc, the activity of Notch signaling was not affected in nof mutant. A-A”: the protein level of Delta, the ligand of Notch
signaling, was not changed in not mutant. A: non-GFP marked nof mutant cells; A’: the protein level of Delta was not changed in nof mutant. B-B”:
the protein level of Notch, the receptor of Notch signaling, was not changed in not mutant. B: the non-GFP marked not mutant; B’: the protein level of
Notch was not changed in nof mutant. C-C” : the protein level of Su(H), the transcription factor of Notch signaling, was not changed in nof mutant. C:
the non-GFP marked not mutant cells; C’: the protein level of Su(H) is not changed in 7#ot mutant. D-D”’: the mRNA level of E(spl)m8 , the target gene
of Notch signaling, was not changed in 7ot mutant. D: the non-GFP marked not mutant cells; D’: The mRNA level of E(spl)m8 was not changed in not
mutant cells.

E9 norse LA MNotch{E S8 B HY R

Fig.9 The activity of Notch signaling was not affected in nof mutant
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