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= Abstract =

Binding of clathrin assembly protein to clathrin triskelia induces their assembly into clathrin-
coated vesicle in neurons. The clathrin binding protein is a neuronal-specific, synapse associated
protein that is expressed nonuniformly in rat brain. We isolated two cDNAs, encoding the
novel clathrin assembly protein, which has a 73% amino acid homology compared with that of
AP180 protein when translated into amino acids. The deduced molecular weight is 64kD. The
N-terminal domain harbouring clathrin binding site is very similar to that of AP180, and the C-
terminal domain is much more different with that of AP180, which suggests that the novel
protein mediates the assembly of clathrin and its regulatory role in the release of secretory

vesicle.
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AP-3.

Introduction

Clathrin-coated vesicles(CCV) are involved in path-
ways of receptor-mediated intracellular transport”.
The protein coats of CCV have been well charac-
terized. The major coat protein is a clathrin, which
consists of triskelion having three identical heavy
chains and three light chains. Coated vesicle also con-
tains one or more of the assembly proteins @ AP-1,
AP-2, AP-3, or auxillin®. The assembly proteins are a-
daptors and are believed to link receptors to the clath-
rin network. The assembly proteins all share the pro-
perty that they promote to assemble clathrin triskelia
into homogenous population of clathrin cage in solu-
tiuon. The AP-1 and AP-2 are tetramer, whereas AP3
and auxillin are monomer and have so far been des-
cribed only in neural tissues™. Apart from their ef-

fects on the polymerization of clathrin, the function
of auxilin and AP180 are unknown.

AP-3 is well studied because AP-3 is simple system
and synapse specific”. The molar concentration of AP
180 in brain coated vesicle preperation is about half
of the plasma membrane adaptor and three times that
of the Golgi adaptor and auxilin. In bovine brain only
30% of AP180 are associated with membranes, and
the remaining forms a cytosolic pool. AP-3 was in-
dependently discovered, and known as AP180, F1-20,
and ppl55%%”. AP-3 is a neuronal specific phosphopr-
otein and glycoprotein, which is unusually acidic, and
migrates anormalously with Mr of 155-185kDa, al-
though its molecular weight appeared to be shown
112 to 124kDa, as determined by other techniques™.
AP180 has a very low extinction coefficient, it is poor-
ly stained by Coomasssie blue and is very sensitive to
proteolytic attack. AP180 is phosphorylated at serine

- 545 -



residues in vivo and in vitro. The native protein was
shown to be a monomer that interacts with clathrin
triskelia with a stoikiometry of one” and thereby in-
duces clathrin assembly into a homogenous po-
pulation of 60-70nm coats. AP180 is about four
times more active in inducing clathrine assembly than
adaptor complexes or auxilin. Two primary functional
activities are clathrin assembly protein and high af-
finity receptor for specific inositol polyphosphates™™
¥ To understand the complex function of CCV at a
molecular level, we have cloned and characterized the
novel clathrin assembly protein gene from rat brain.
Here we report the primary structure of AP180
deduced from sequencing rat brain cDNA clones.

Materials and Methods

1. Materials

Rat brain cDNA libray was purchased from Stra-
tagene. T7 sequencing kit was from US Biochemicals.
Exolll deletion kit and Wizard miniprep kit for
plasmid purification were obtained from Promega.
Restriction endonucleases were from Boerhinger Ma-
nheim. Nitrocellulose transfer membranes(BA85, 0.45
pum) were from Schleicher and Schuell. Other chem-
icals were the highest purity available.

2. Cloning of AP180 gene from rat c¢cDNA li-
brary
AP180 gene was isolated from rat cDNA library us-
ing oligonucleotides which is from glutamate re-
ceptors, 5'-AGC CAG GTT GGC TGT GTA-3'. A-

bout 7.0x10° plaques were screened with the oli-
gonucleotide probe which was end-labelled with y-*P-
ATP. The plaques were transferred onto nitrocellulose
paper, immobilized, and hybridized with hybridiza-
tion solution containing the probe. The membrane
was washed with 02x SSC/0.1% SDS for 10min
three times at RT and followed by at 37°C for 10min.
The signal was visualized by exposure onto X-OMAT
film overnight. The positive plaques was picked, and
second screening performed as above. The resulting
two plaques, G12 and G18, were cultured and their
phage DNAs were isolated. The clones were digested
with Eco RI, shown to have 1.1 and 2.3kb insert. Res-
triction mapping was carried out to make deletion mu-

tants for sequencing.

2. Sequencing and sequence analysis of cDNA

Basically the deletion mutants were preparaed by
manufacturer’s manual(Promega). The 5'-/3'-over-
hang DNA was made and digested with Exo III nu-
clease followed by Sl nuclease. The unidirectional
deleton DNA was liagated and transformation was
carried out. Resulting plasmids DNA from the dele-
tion clones were prepared by Wizard miniprep kit
(Promega). The sequening template DNA was pre-
pared by alkali denaturation-neutralization of the
double-stranded plasmid. The sequencing was carried
out by using the dideoxy-termination method of Sang-
er, the Sequenase v.2.0(Amersham). The sequencing
data from the deletion mutants were analyzed by us-
ing the MacVector program from IBI Co.
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Fig. 1. Alignment of the novel clathrin assembly protein gene. The box designate coding and thin lines non-coding se-
quence. Both clones were obtained from AZap 1l expression library by screening with oligonucleotide from glu-
tamate receptor, 5'-agc cag gt ggc tgt gta-3'. The clone 18 contains an initiation codon and the clone 12 con-

tains nucleotides just before termination codon.
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Result and Discussion

The noble clathrin assembly protein gene was
found by low stringency screening of glutamate re-
ceptor gene using the oligonunleotide probe en-
coding the common region of the glutamate recep-
tors, nucleotide sequence 1825-1842 from the third
transmembrane segment. Among the 48 ¢DNA co-
nes two clones, G12 and G18, were shown to have
high homology with N-terminal region of AP180 and
AP-3 when they were searched with blastn program
of NCBI at NIH. G12 and G18 were 1.1 and 2.4 kB
sized clone respectvely(Fig. 1). G18 contains full
open reading frame encoding the novel clathrin as-
sembly protein of a molecular mass of 63,792(Fig. 2).

The 597 amino acids show a remarkable homology

to the murine and rar clathrin assembly protein AP-3

when translated into amino acids®®(Fig. 3). The
homology ranges from 18% to 84% in different por-
tions of the protein. The most striking homology of
more than 85% is found between first 300 amino a-
cids of the novel protein and AP180. The mouse, rat,
and the bovine AP-3 are highly homologous to each
other with more than 97% identical amino acids. But
there was no significant nucleotide homology to the
murine AP-3”. The N-terminal domain harbouring
clathrin binding and inositol polyphosphate binding
site is very similar with that of AP180%. Amino acid se-
quences of middle and the C-terminal domain where
clathrin cage binds are different from that of AP180.
AP180 was first discovered as a specific coat com-
ponent of clathrin-coated vesicles from neural tissue”.
It binds to the clathrin heavy chain with a stoichiome-
try of 1 per triskelion”, and therby promotes very ef-
ficient assembly of clathrin into regular coat structure.
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PPQM GSV PV M TAQ S QP VMRP

ACAGATACAG TTTATGTAAC TAGATGGAAG AGAATGGAAT TACTCCAAGA ATAGAAGTGC ACAGGTGGCG ACTCCTTACT TCCAGCAAAA TCCAAACTGC 1900
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Fig. 2. cDNA and the deduced amino acid sequence of the novel clathrin assembly protein. Numbers refer to nu-
cleotide positions. Beneath the nucleotide sequence is the deduced amino acid sequence coded for by the

open reading frame between nucleotide 26 and 1816.
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G18 1 MSGQSLTDRI TAAQHSVTGS AVSKTVCKAT THEIMGPKKK HLDYLIQCTN 5@
AP180Q 1  MSGQtLTDRI aAAQySVTGS AVaraVCKAT THEVMGPKKK HLDYLIQaTN 5@
G18 51 EMNVNIPQLA DSLFESTTNS SWVVVFKSLI TTHHLMVYGN ERFIQYLASR 100
AP180 51 EtNVNIPQmA DtLFEraTNS SWVVVFKalv TTHHLMVhGN ERFIQYLASR 100
G18 1@1 NTLFNLSNFL DKSGLQGYDM STFIRRYSRY LNEKAVSYRQ VAFDFTKVKR 15@
AP1892 101 NTLFNLSNFL DKSGshGYDM STFIRRYSRY LNEKAFSYRQ mAFDFarvkKk 158
G18 151 GADGVMRTMN TEKLLKTVPI IQNQMDALLD FNVNSNELTN GVINAAFMLL 2080
AP180 151 GADGVMRTMv pEKLLKsmPI 1QgQiDALLe FdVhpNELTN GVINAAFMLL 200
G18 201 FKDAIRLFAA YNEGIINLLE KYFDMKKNQC KEGLDIYKKF LTRMTRISEF 250
AP180 281 FKD1IkLFAc YNAGVINLLE KfFeMKKgQC KdnLelIYKrF LTRMTRVSEF 250
G18 251 LKVAEQVGID RGDIPDLSQA PSSLLDALEQ HLASLEGKKI KDSTAASRAT 300
AP180® 251 LKVAdeVGID kGDIPDLtQA PSSLmetLEQ HLatLEGKKp gnnegsgaps 300
G18 4901 FHPSVHAMSA APQVASTWGG FSPSPVTQPH PSAGLNVDFE SVFG---NKS 427
AP182 654 gavSsssaSA dllagfggsf maPSttpvip agnnlgpnFE aaFGttpstS

G18 448 TNVAVDSGGG LLKPTVASQN QSLPVAKLPP -———=-- NKLV SDDLDSSLAN 481
AP18@ 707 ssssfDpsGd LLmPTmApsg QpaPVsmvPP spasaskglg SD-LDSSLAs

G18 492 LVGNLGIGNG TT-KN~-DVSC SQPGEKKLTG GSNWQPKVAP TTAWSAATMA 529
AP18Q 757 LVGNLGIs-G TTsKkgDlgw na-GEKKLTG GaNWQPKViP aT-WSAgv--

G18 540 PPVMAYPATT PT--——=-me =m—mmme GMI GYGIPPQMGS VPVMTQPTLI 564
AP18Q B®B2 PPqgtvP--~ PTssvppgag apsvgqpG-a QYGmPPagtg mtmMpQgPVM

G18 575 YSQPVMRPPN PFGP--VPGA QIQFM 587

AP18@ 848 faQPmMRPP- -FGaaaVPGt Qlsps 896

Fig. 3. Amino acid sequence comparison between the novel clathrin assemby protein and the rat AP180 gene. There
is high degree of homology(more than 80%) between the genes from amino acids 1 to 289. The interrupted
dash lines show the very different region and the low degree of identity(around 40%) was shown at the C-ter-
minal region. Difference between the rat and human sequences are indicated as small letter.

Clathrin-coated vesicles play a major role in receptor
mediated endocytosis as well as in trans-Golgi net-
work vesicle traffic. Functional studies of AP-3 have
shown that a clathrin-binding domain resides in the
33-kD N-terminal portion of the protein. This 33-kD
region is thought to have a globular structure and
consist mainly of alpha helices”. Although this N-ter-
minal domain is able to bind clathrin triskelia it is un-
able to assemble them into clathrin cages and bind to
preassembled cages ; this latter function resides in the
58-kD C-terminal region ‘of AP-3, which has a lower
homology to the novel protein.

Another important function of the 33-kD amino
terminal region of AP-3 is its high affinity binding of
both inositol hexakisphosphate and diphosphoinositol
pentakisphosphate™”. Binding of either of these Ii-
gands inhibits the ability of AP-3 to assemble clathrin

2 Thus, inositol hexakisphosphate and diphosphoin-
ositol pentakisphosphate may regulate clathrin-coated
vesicle assembly and/or disassembly by means of the
clathrin assembly protein AP-3. The possible function
of the marked different region of the C-terminal half
could be interation with proteins in the plasma mem-
brane, possibly contributing to the regulation of the
endocytic activity and receptor turnover of the cell.
This also might be regulated by means of phophoino-
sitol pathways.

References

1) Alberts B, Bray D, Lewis J, Raff M, Roberts K,
Watson ] : Molecular Biology of The Cell. 3rd ed.
New York, Garland Pub. Inc 1994 ; pp634-646

2) Robinson MS : The role of clathrin, adaptors, and

- 548 -



dynamin in endocytosis. Curr. Opin Cell Biol 1994 ;
6 : 538-544

3) Stamnes MA, James ER : The binding of AP-1 clath-
rin adaptor particles to Golgi mambranes requires
ADP-ribosylation factor, a small GTP-binding protein.
Cell 1993 ; 73 . 999-1005

4) Zhang JZ, Davletov BA, Sudhof TC, Anderson
RGW : Synaptotagmin I is high affinity receptor for
clathrin AP-2 . implications for membrane recycling.
Cell 1994 ; 78 . 751-760

5) Kondury P, Roland EL : Molecular characterization
of the API80 coated vesicle assembly protein. Bi-
ochem 1988 ;. 27 : 6098-6104

6) Zhou S, Sousa R, Lafer EM : Characterization of a
novel synapse-specific protein II. ¢cDNA cloning and
sequence analysis of FI1-20 protein. J Neurochem
1992 ; 12 : 21i4-2155

7) Zhou S, Tannery NH, Lafer EM : The synapse-
specific phosphoprotein F1-20 is identical to the clath-
rin assembly protein AP-3. J Biol Chem 1993 ; 268 :
12655-12662

8) Stephen AM, Annette M, Ungewickell : Anaysis of

100-180kDa phosphoprotein in clathrin-coated vesic-
les from bovine brain. J Biol Chem 1990 ; 265 ; 3354
-3357
9 Ye W, Lafer EM : Clathrin binding and assembly ac-
tivities of expressed domains of the synapse-specific
clathrin assembly protein AP-3. J Biol Chem 1995 ;
270 : 10933-10939
Morris SA, Schroder 5, Plessmann U, Weber K,
Ungewickell E : Clathrin assembly protein AP 180 :
primary structure, domain organization and identifi-
cation of a clathrin binding site. The EMBO J 1993 .
12 . 667-675
Ye W, Ali N, Bembenek ME, Shears SB, Lafer
EM : Inhibition of clathrin assembly by high affinity
binding of specific inositol polyphosphate to the syna-
pse-specific clathrin assembly protein AP-3. J Biol Ch-
em 1995 ; 270 . 1564-1568
Norris FA, Ungewickell E, Majerus PW : Inositol
hexakisphosphate binds to clathrin assembly protein
3(AP-3/AP180) and inhibits clathrin cage assembly in
vitro. J Biol Chem 1995 ; 270 . 214-217

10)

11)

12)

Molecular Cloning of Novel Clathrin Assembly Protein

Gene from Rat Brain

S}
A HFT A
=T 82 X E =

AAGHLTE AFAGERAL AAAHF R o] FE FEYSAT. 2T fraxte idr| g2 5 E
BA7IEH 28 928 g} AHAHLEE clath-  olv4t D vl TRE 43 2 ols NEE
rin o] TAE o]F, o] clathrin® TEA & clathrin 9928 m=sly 12 Exldo] 67 4308
B2 9Eo] FXsh=r oy 92 gujdo] dasy  FAAT o] vhA e AP180 vl A of 73%9] HA}
Clathrin 92993 Z AP180 @¥de AAAE  Ag 2o 53] olviy] @ghe ojwnit Aol
EolZojy AAHAY Bojout A3t} AAAGEZD 4%t FUSYL FHEEAY] @S oF 50% T8
o FElgAe =2 717 olsfsted] AFVHLEE o o] AZE dAL clathrin® TEA FAd T8
T 9AvHA Y EAA BEGE ks Rol T T 4TS o AT o]F F FulaAe 2 2
g3}, B d7AL 22 FHY clathrin G20 F08 988 sieje 4dE

-~ 549 -



