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Abstract: PDE plays an important role in cAMP-mediated cellular signaling within the cells. The proper
targeting of each PDE is mediated by unique N-terminal of each PDE isoform. It has been recently reported
that supershort-, short- and long-forms of PDE4 in Aplysia were cloned in Aplysia. Long-form of ApPDE4
was localized at plasma membrane and presynaptic terminal in Aplysia sensory neurons. However, it remains
elusive which part of ApPDE4 is minimal region for the proper targeting and what are the effects on the cell
functions. Here, we identified that N-terminal 13 amino acids of ApPDE4 long-form is minimal regions for
the plasma membrane targeting. In addition, overexpression of ApPDE4(N20)-mRFP could induce morphological
changes in HEK293T cells. Interestingly, mRFP-PLC31(PH), which selectively binds to PI4,5P,, could induce
morphological changes in similar with that by ApPDE4(N20)-mRFP. These results suggested that binding of
ApPDE4(N20) to lipids including PI4,5P, might be responsible for targeting of ApPDE4 to plasma membrane
and morphological changes in HEK293T cells.
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form, short-form, long-form)E Z24 35} t}> TuF
71]‘: o]# g T3t PDE4 isoformE2 Al \—H =4

TR E}a\aﬂ‘ﬂ 71%5E et 44 2
C’ﬂ £, PDE49] UCR2E myomegalin, D1scl-\+ )
FallA ZAAY REZER oA 7eE kAl &
HA ATh™ B2 A9 AE U 54 F=9 g
AQ -2 N-geto] 54 dildzo] F52-85 53
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EAEE 13 9] opv|iiiRto v E %—‘?—'3] LAt
OS2 Y g5 & 7 AT B3, ApPDE4 N-2
TS HEK293T Al o A Jr%?ﬁ_*lzia mf A 2]



108 Kun-Hyung Kim, Yong-Woo Jun, Jin-A Lee and Deok-Jin Jang

AA}Z 0l

REa

FeA WstE fFEatd, ojHg FeH W
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o]Fel X3 pcDNA3.1-ApPDE4(N20)-EGFPE
XbaVApal® & H3}3, mRFP-Xba 1-S/mRFP-Apa
I-A Zglo]m & ¢] &3] PCRE 53] ¥-& mRFPE
Xbal/Apa1S.2 A3l 41 5le] pcDNA3.1-ApPDE4
(N20)-mRFPE A 23ttt o AdEdWols o
=3 72-& xefolwES 083l ZH2F PCRE 33k
TH(Table 1): pcDNA3.1-ApPDE4(N16}-mRFP, ApPDE4-
D3-S/ApPDE4(N16)-Xba I-A; pcDNA3.1-ApPDE4(N13)-
mRFP, ApPDE4-D3-S/ApPDEA(N13)-Xbal-A; pcDNA3.1-
ApPDE4(N10)-mRFP, ApPDE4-D3-S/ApPDE4(N10)-
Xbal-A;  pcDNA3.1-ApPDE4(N4/20)-mRFP),  ApPDE4
(N4)-D3-S/ApPDE4(N20)-Xbal-A. ©]% 7] A& PCR 2
HEES Hind I/ Xba 22 A3}5L, pcDNA3.1-hCERT
(PHrmRFPE Hind/Xba 122 Avrale] 4+l algit).
HAEAH]ZF pcDNA3.1-ApPDE4(N20,C3S)-mRFP,
pcDNA3.1-ApPDE4(N20,C14,15S)-mRFP, pcDNA3.1-
ApPDE4(N20,C3,14,15S)-mRFP2] 7% oA A
F-oll A AR pcDNA3.1-ApPDE4(N20, C3S)-EGFP,
pcDNA3.1-ApPDE4(N20,C14,15S)-EGFP, pcDNA3.1-
ApPDE4(N20,C3,14,158)-EGFPZ Xbal/Apa 1o 2 At
3l3L, pcDNA3.1-ApPDE4(N20,C3S)-mRFPE  Xba I/

Table 1. List of oligonucleotides and their sequences
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3.1. ApPDE49| JEAgiec= ENUEIN R0idl=
N-Eé-lll_} 0|.|:||_|I__A|.A.|oi =IM nl EH

vioig o]l A (Aplysia)oll A = E ApPDE4
= N-Zeke] 20 7}14 opu]i=ito] A Autat A3
71 oE g #ditts AE 29 °4?—
£ Bl Rt 2eu, 329 eplge] 2
gk HAN-918), 747 ohnieiEe] TE, a2ei l
AEQ wEo] Ao rAle G tsire &
71 up7t gl

wzbA, o] & 2Absl7] 918 94 ApPDE4 N-Zet
S mRFPS} §8A|7# HEK293T Al Eof| A & A H
T} ApPDE4(N20)-mRFP2] W& % 7)o o] o] A+
AN Azt Axd o L2713 R B

AV

AY e AL FAsAthFig 1). L o=z, o
& AEHS] EAWolAE THEe, A3 dH BH

o] HAR9E o} Bk} o] F &) N-Zwe] 20
Mol elm it Foll C-HEE A ZHzE 4 A, 7 N,

Name

Sequence

ApPDE4-D3-S
ApPDE4(N20)-Xba 1-A
ApPDE4(N16)-Xbal-A
ApPDE4(N13)-Xba 1-A
ApPDE4(N10)-Xba I-A
ApPDE4(N4)-D3-S
mRFP-Xba 1-S
mRFP-Apa I-A

5-GCTCTAGAGACGIGGICAACCTTCAG-3
5-GCTCTAGATTGTTCTTCTTCCATACA-3
5-GCTCTAGACATACAGCAGCTTATCCA-3
5-GCTCTAGAGCTTATCCAGTGTCTAAT-3

5-GCT CTAGAGTGTCTAATAGCGGGAAG-3

5-CGCCCA AGCTTGCCACCATGTTGCTTCCCGCTATTAGA-3
5-GCTCTAGAATGGCCTCCTCCGAGGAC-3
5-CGTAGGGCCCTTAGGCGCCGGTGGAGTG-3

Analytical Science & Technology



Identification of N-terminal amino acids of ApPDE4 in membrane targeting 109

A

Plasma  Intracellular  Cytoplasm
mmmmmmmm organelle

MSCLLPAIRHWISCCMEEEQ k mRFP N20
g
MSCLLPAIRHWISCCM [ mree N0 N2O °
[ mree J o
[ TscrpArm | [ mree 1NN N3 o
T X
X

X

n o N10
MLLPAIRHWISCCMEEEQ

s
x x 0 0 O
o o x x

N4/20
D e

N20 N16 N13 N10 N4/20 mRFP
" ...

Fig. 1. Expression pattern of various deletion mutants of
ApPDE4 (N20) and their effects on cell morphology
in HEK293T cells. (A) Schematic diagrams (left) and
summary of cellular localization of ApPDE4 deletion
mutants (left) in HEK293T cells. Amino acid sequences
of each mutant construct are represented within the
box. (B) Expression pattern of mRFP fused to various
ApPDE4 deletion mutants in HEK293T cells. Each
mutant construct was transfected in HEK293T cells.
N20, ApPDE4(N20)-mRFP; N16, ApPDE4(N16)-
mRFP; N13, ApPDE4(N13)-mRFP; N10, ApPDE4
(N10)-mRFP; N4/20, ApPDE4(N4/20)-mRFP. Scale
bar, 20 pm.

10 7H¢] ofm=4kS A A s ApPDE4(N16)-mRFP,
ApPDE4(N13)-mRFP, ApPDE4(N10)-mRFPZ =] 2} &}
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N4/20%= A2 th(Fig. 1A). °]ES ApPDE4(N20)-
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mRFPS} H]=3h 3 s S Bt
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of &A= 3 /] AlZEHIQl AR E FAH SR A
(serine) 22 x| ZHst AWM E(C38, Cl14,15S,
C3,14,158) ¥H5o] AlXE W B Y S ZALSte] B
AT & AFolAM = ol5S XFs ¥ B =
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Fig. 2. Expression pattern of various point mutants of
ApPDE4(N20) and their effects on cell morphology
in HEK293T cells. (A) Schematic diagrams (left) and
summary of cellular localization of each ApPDE4
(N20) mutants (right) in HEK293T cells (right). Amino
acid sequences of each mutant construct are represented
within the box. (B) Expression pattern of mRFP fused
to various ApPDE4(N20) mutants in HEK293T cells.
Each mutant construct was transfected in HEK293T
cells. Scale bar, 20 um.
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S & 4= 9Tk’ ApPDE4(N20,C3,14S)-mRFPL] 7
- ApPDE4(N20,C14,158)-mRFP$} H|s=3}A4] 93
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oo g2 e HEE 4EE 23 mRFPEF AR 2
A3 elS B TH(Fig 2B).

U522 ApPDE4 N-Uto] EAjste EYER
(tryptophan)2- ¢2Hd(alanine) > 2 X] 33} THApPDE4
(N20,W11A)-mRFP). EYEHS] A% g1xe] o
uﬂ ;d ﬁA}Ai o] EH \;]—uu ;<1 )\]—E;{Hlolur \;]—uu _;q
2 ARGl FAT g A vk 2 o]
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o @xajol7} QAT o] EHold A o] AFAl
(isoleucine, )2 o}~ 32} 7 (asparagines, N) 22 ] $+
A1 71 ApPDE4(N20,I8N,W11A)-mRFPS 2& A 71 4
9} mRFP9} fFAFSH AN S B

zqzcatﬂo]é o].Q.%]. }\lz‘ﬂ g;q_é HM@H El_uq
N20, N20(C3S), N20(W11A)E 982 ez Ay o
7132 B " HoH Dﬂ, N20(C14,15S), N20
(C3,148)= A2 el " AL Qo X, Al
¥ W 7R EHEES ¢ F ddth
N20(C3,158)$} N20(C3,14,158)$} N20(I8N,W11A)E=
mRFP_Q]_ u]c—a}. tﬂ—ag}]Eﬁg EO]% ;i_o_i Eo}, E}—
o2 EYEE AL de o= ATHI. =

ApPDE4 N-Z¢ho] = who] Agtsls H9)9) Exuto
= Bge] Ba% ¥t EANTL D & gom,
N-ZEE 13 74] ofe]iedt o] olef g 917k EAS
T ARSI & 9Tk B, NBTe] 24
She 717e] oh Al 5] B4 HUEe] 54 o
29 gAYl Fashths AME 30T 5 AT

3.3. MZL{ ApPDE4 (N20)-mRFP & ¢t 0| &| 2]
JT'-F'E‘%._* 21 24

2 ApPDE4(N20)-mRFP2] z}at& o] Ao
dFE 2AFsERlTh o] & 918 ApPDE4(N20)-
mRFPE HEK293T A ¥dl| 28A|7) 7 2ALe 23}
SHEAE AlZke] Agel wEk ApPDE4(N20)-mRFP
7baE Aze eyt A4S HEge & AN
tH(Fig. 3A). A9 Z7]7} Fo=x 43 (retraction)©]
doju, FEHOZ E7](process)E FTS & F
AATE AlZke] A Aol weh AlE7E el =4
S B3 Fa F2A Wate] 57] 2o 24

ofub MlEAE T vl FelE Wt ol
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Fig. 3. Morphological change induced by expression of
ApPDE4 mutants and PLC31(PH). (A) Morphological
change induced by various ApPDE4 N-terminal
mutants. mRFP fused to various ApPDE4 N-terminal
mutants was co-expressed with EGFP in HEK293T
cells. As a control, mRFP was used. Cell shape (bottom
figures) showed the representative cell morphology
of corresponding mRFP/EGFP expressing cells. (B)
Co-localization of EGFP-PLC31(PH) with ApPDE4
(N20)-mRFP in HEK293T cells. (C) Morphological
change induced by mRFP-PLC31(PH). mRFP-PLCS81
(PH) was co-expressed with EGFP in HEK293T cells.
As a control, mRFP was used. Scale bar, 20 um.
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50|
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2l SITE WHA, hRZ O 2 0]8-8 mRFPS WA
Aol i AEA Ao o] = £
Azl Jeld Wshs A=A BAUTHFIg 3A).

o2 3 AdolA o] &3t ths ApPDE4
EdHOIAE FAANAL 9Pt Y=
N16, N13, C3S, WIIAS] A$= T3 MEoA §
Bl HalE 3ol g 5 dAthFig 3A). WHE, 9F
Zuto 2 gAY ER Ak AE ) 2oz
E}Z]\E]E]L‘— C14155Q]- uloi 5}715]5];] o}L—_
C3,14,1589F N102] Aol &g Azoa Jepd
37 FEFHA S & F AT o F3,
ApPDE4(N20)-mRFP2] H&d)| o8] ==& AlEe]
Fepashs 9329 gAYy Ade] s o &

)]
IR

l-{o

ST T

ApPDE4°] N-2th2 o] f1gdwos gAYy
=7k BHed F918 7HAA %2 ApPDE47F 913
Aeto 2 BAYEHE A v A A2 2
ghe B8l olFold Zlom Azt 3 o] o
T-oll A ApPDE47} 2] F7/e] wxdx A% 5
Vs Bk vk Aok’ FHEAE, IAEES 54
AxL7|#o R gAE S 9 AR 288 5
AThY PlP= ol ZAAS AR ZEH I,
PI3P= %7] A= (early endosome)2] W}AZ, Pl4,5P,
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S} PI3,4,5P= Ao o] vpAR Agal thedt
T diAES0] o]F XA A AxE W o
%3 woz epYHT 1 o=, PLCSIC PH
domain PI4,5P0 A%t A2 ute] M ¥xd FHo
2 "= Zlo] dulA Aok webd, 7P &
T = 7Hd& ApPDE4 N-Zho] PI4,5P,4 PI3,4,5P;
of AgtsiA ddduter AR EHE Zlo|th

upEhr, B A7l E PI4,sPel AEd oz At
s 9¥2eto 7 A" E = PLCS1Y PH domaine
GFP H:= mRFPO] §-3131ed, HEK293T A|3Eof] H& A
A Axe] RgHstE sttt 4, ApPDE4
(N20)-mRFP<} GFP-PLCS81<- co-expression*] 71 A 3}
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