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Abstract: Phosphodiesterase (PDE) plays an important role in cAMP-mediated signaling within cells. We
previously showed that the long-form of Aplysia PDE4 (ApPDE4) was localized in the plasma membrane and
the presynaptic terminal in Aplysia sensory neurons, and the 16 N-terminal amino acid was sufficient for this
targeting process. In this study, we characterized the cellular localization of various ApPDE4 mutants. We first
identified the roles of each amino acid within the group of 16 N-terminal amino acids of long-form ApPDE4.
As a result, we were able to identify various mutants that were localized to both the plasma membrane and
the Golgi complex, Golgi only, or both the endoplasmic reticulum (ER) and the Golgi complex. To examine
the role of palmitoylation on the cellular localization of ApPDE4 mutants, 2-bromo palmitate (2-BR) was used
as a treatment. As a result, in the presence of 2-BR, the plasma membrane targeting of many mutants was
impaired, indicating that palmitoylation was involved in the plasma membrane targeting of the mutants. We
also found that PI4P play crucial roles in the Golgi targeting of (N16,C3S/VV/G)-mRFP, L(N16,C3S/LFS/R)-
mRFP, and L(N16,EPL/R)-mRFP.
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Table 1. Summary of amino acid sequences and intracellular targeting of various L(N16) mutants. PM, plasma membrane; ER,

endoplasmic reticulum; Go, Golgi complex; MT(m), mitochondria outer membrane; EE, early endosome; LE, late
endosome; Cy, cytosol

Name Sequence -2BR +2BR
1. Targeting: PM+Go -> ER+Go
L(N16,IP/R) MSCLLPAIIPWISRCM PM+Go ER+Go
L(N16,KLS/S) MSCLLPAIKLSISSCM PM+Go ER+Go
L(N16,S/VC) MSSLLPAIVCWISCCM PM+Go ER+Go
2. Targeting: PM+Go -> ER+ MT(m)
L(N16,]YR) MSCLLPAIIYRISCCM PM+Go MT(m)+EE+LE
L(N16,E/R) MSCLLPAIEHWISRCM PM+Go ER+MT(m)
3. Targeting: PM+Go -> Cy
L(N16,PRA) MSCLLPAIPRAISCCM PM+Go Cy
4. Targeting: Go -> Cy
L(N16,EPL/R) MSCLLPAIEPLISRCM Go Cy
L(N16,S/LFS/R) MSSLLPAILFSISRCM Go Cy
L(N16,S/VHV/G) MSSLLPAIVHVISGCM Go Cy
5. Targeting: ER+Go -> ER+Go
L(N16,VYV) MSCLLPAIVYVISCCM ER+Go ER+Go
6. Targeting: Cy -> Cy
L(N16,S/VLP) MSSLLPAIVLPISCCM Cy Cy
L(N16,ESP/R) MSCLLPAIESPISRCM Cy Cy
L(N16,ARA/R) MSCLLPAIARAISRCM Cy Cy
L(N16,TA/S) MSCLLPAITHAISSCM Cy Cy
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Table 2. List of oligonucleotides and their sequences

Name

Sequence

1. ApPDE4 primers

ApPDE4-D3-S

ApPDE4(N16)-Xbal-A

2. mRFP primers

mRFP-Xbal-S

mRFP-Apal-A

3. degenerate primer of ApPDE4 mutants

5'-CGCCCAAGCTTGCCACCACCATGICTTGCTTGCTTCCC-3'
5'-GCTCTAGACATACAGCAGCTTATCCA-3'

5'-GCTCTAGAATGGCCTCCTCCGAGGAC-3'
5'-CGTAGGGCCCTTAGGCGCCGGTGGAGTG-3'

5'-GCTCTAGACATACAGCNGCTTATCVVGNRTNBAATAGC-3'

ApPDE4-vMT-Xbal-A

*code letter: N(=A, C, G, T), V(A, C, G), R(A, G), B(C, G, T)
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ApPDE4 long-form©] N-Z&t 16 7] €] O}UI
mRFP2 A A7l L(N16)-mRFPE= Al ZW €
2} EE} late endosome (LE)°l EF|HE S &<l 01—
(Fig. 1A)8 ¥4, L(N16,IYR)}-mRFPS} L(N16, PRA)-
mRFP$}  L(N16,E/R)}-mRFPS}  L(N16,IP/R)-mRFPS}
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Cellular localization of various mutants of L(N16) in HEK293T cells. (A) Schematic diagrams (left) and cellular

localization (right) of various mutants of L(N16)-mRFP in the absence (2-BR) or presence of 2-BR (+2-BR) (B) Schematic
diagrams (left) and cellular localization (right) of L(N20,AA)-mRFP in the absence (2-BR) or presence of 2-BR (+2-

BR). Scale bar, 20 um.
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Fig. 2. Cellular localization of various mutants of ApPDE4 L(N16,S) and their effects on cell morphology in HEK293T cells.
(A) Schematic diagrams (left) and cellular localization (right) of various mutants of ApPDE4 L(N16,C3S)-mRFP in the
absence (2-BR) or presence of 2-BR (+2-BR). (B) Schematic diagrams (left) and cellular localization (right) of ApPDE4
L(N20,C3,14S)-mRFP in the absence (2-BR) or presence of 2-BR (+2-BR). Scale bar, 20 pum.
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A PM + Golgi targeting Only Golgi targeting

Gall-EGFP mRF|

ER targeting D MT-membrane targeting

Gall-EGFP mRFP

LIN1BKLSS)  L(N20AA)
LINI6SMIG) LINBEPLR) LINIESLFSR)

LN1BJPR)

Sec61-EGFP ~ mRFP AKAPEGFP  mRFI Merge

- . . | h
- . . . -

+2BR

LN16/VYV)  LN1EIVYV)  LINTB/KLSYS)
N16,YR

Identification of intracellular targeting of various ApPDE4 [(N16) mutants. (A) Plasma membrane and Golgi complex
targeting of ApPDE4 L(N16) mutants. L(N20,AA)-mRFP, L(N16,KLS/S)-mRFP or L(N16,IP/R)-mRFP was co-expressed with
EGFP-GalT in the absence of 2-BR, a TGN marker. (B) Golgi complex targeting of ApPDE4 L(N16) mutants. L(N16,S/
LFS/R)-mRFP, L(N16,EPL/R)}-mRFP, or L(N16,S/VV/G)-mRFP was co-expressed with EGFP-GalT, a TGN marker in
the absence of 2-BR. (C) Endoplasmic reticulum targeting of ApPDE4 L(N16) mutants. L(N16,KLS/S)-mRFP, or
L(N16,YVY)-mRFP was co-expressed with Sec61-EGFP, an ER marker in the absence (2-BR) or presence of 2-BR
(+2-BR). (D) Mitochondria targeting of ApPDE4 L(N16) mutants. L(N16,E/R)-mRFP, or L(N16,[YR)-mRFP was co-
expressed with AKAPI-EGFP, a mitochondria marker in the presence of 2-BR (+2-BR). Scale bar, 20 pum.

A B

LN1BSMIG)  LNIBSLFSR)  L(N16EPLR) LNIBSWIG)  LIN6SLFSR)  L(N1BEPLR)

- Antimycin
-PAO

+Antimycin
+PAO

Golgi complex localization of ApPDE4 L(16) mutants via PI4P binding. (A, B) Effects of PI depletion by antimycin A
or PAO on Golgi membrane localization of L(N16,S/VV/G)-mRFP, L(N16,S/LFS/R)-mRFP or L(N16,EPL/R)-mRFP. Images
were acquired before and after 200 nM antimycin A treatment for 40 min in PBS or 10 uM PAO treatment for 30 min
in DMEM + 10 % FBS. Membrane localization of L(N16,S/VV/G)-mRFP, L(N16,S/LFS/R)-mRFP or L(N16,EPL/R)-mRFP
is changed from plasma membrane to cytosol by antimycin A and PAO treatment. Scale bar, 20 pm.
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33. P4P ZEoll 2lsl ohi7HEl= ApPDE4 L(16)2
N-Zeh SeitHolxel =X|X| EPIE

2 ATE Fi wEoR U EAMAEF
L(N16,C3S/VV/G)-mRFPP2}  L(N16,C3S/LFS/R)-mRFP
9} L(N16,EPL/R)-mRFPe] 9= FA|A =7t E}7| €
He AL glstiaitt o5 o9 IAAR e
BE= AY7 o] BAr1AE Asr] fI8 -
A& antimycin AS X 2|3 HQkth Antimycin A=
AZW ATPRHAE S oAlete HEER, o)AS Alxd
A etH, A EWel A PIe] Q1AFsel] o)) WAl =
A1 A2l PI4P, PI(4,5)P,5°] RFSolAA] et o
antimycin A #2324 L(N16,C3S/VV/G)-mRFP<}
L(N16,C3S/LFS/R)}-mRFP$} L(N16,EPL/R)}-mRFP &
T ZA A 71" o] AFA AL, A Z7] - $) 2] 8=
AL FATd 4 UAKFig 4A). &A L(N16,C3S/
LFS/R)-EGFPe] Z-¢-= ZA| A7} obd th& dot(P]| &
ZEgolR gRIthel Vg E= S E]lskith
BA714E F A8 Q)3 o2 9FEl PAO
A Bkt o] FE-e A EW P4 QSR A
g4S A, AR MEY PP ¥ =
= 9L 3l PAOE X232 Y antimycin A}
Z7HA] 2(N16,C3S/VV/G)-mRFP} L(N16,C3S/LFS/
R)-mRFP$} L(N16,EPL/R)-mRFP =% Z XA €7 &
o] ARl = AE AT & USTH(Fig 4B). o9 2+
& A& PI4P7H(N16,C3S/VV/G)-mRFPS} L(N16,
C3S/LFS/R)-mRFP$} L(N16,EPL/R)-mRFP2] & X] |
E718ol F83 988 FPgitts AL deiErh
o] Hefo]=E0] A PI4Pe| A=A oy ¥ tf

Al o

5 N i nﬂm

2 @ oyt £abe] =53 WA= peptide-lipid
A Mol sd 2L F71 Aol aFH. A
g B AFE B3 o5 A EI” Pl4P7L Ho
dthe As BT A2 FF ATl T2 dxE

E AFE 53| ApPDE4 long-forme] N-U&e] 16
o] ofmieAts uige 2 ket EddolAE e
of s MEZWEP IR S Hole SdHoAE
Zs ATt ol T3 3WA 14HA Al 2EH 919
palmitoylation®] ApPDE4 long-form®] T}t 5

2

1‘
¢

ol &S HFEY BI”e T As g4I &
AT wgh, 4P A9 Bf7] g o= palmitoylation ¥
o] ol &4, A7 AR F28 T U
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2 AFo|A] o]xlo} viale] A= shgdlstw <
Y] (Hannam Research Program, 2015)Z A 9= <&
Yt}

c
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