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Protein family review
The presenilins
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Summary

The presenilins are evolutionarily conserved transmembrane proteins that regulate cleavage of
certain other proteins in their transmembrane domains. The clinical significance of this regulation
is shown by the contribution of presenilin mutations to 20-50% of early-onset cases of inherited
Alzheimer’s disease. Although the precise molecular mechanism underlying presenilin function or
dysfunction remains elusive, presenilins are thought to be part of a complex of proteins that has
‘�-secretase cleavage’ activity, which is clearly central in the pathogenesis of Alzheimer’s disease.
Mutations in presenilins increase the production of the longer isoforms of amyloid � peptide,
which are neurotoxic and prone to self-aggregation. Biochemical studies indicate that the
presenilins do not act alone but operate within large heteromeric protein complexes, whose
components and enzymatic core are the subject of much study and controversy; one essential
component is nicastrin. The presenilin primary sequence is remarkably well conserved in
eukaryotes, suggesting some functional conservation; indeed, defects caused by mutations in the
nemotode presenilin homolog can be rescued by human presenilin.
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Figure 1
A molecular model of Presenilin-1. The protein is thought to have eight transmembrane domains. Residues associated with mutations found in familial
Alzheimer’s disease are colored as indicated in the key. ‘Endoproteolysis’ indicates the approximate site of the imprecise cleavage of the molecule.
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Table 1

Mutations in the presenilin genes

PS1

Codon Location Mutation Phenotype

35 Amino-terminal Arg->Gln FAD
domain

79 Amino-terminal Ala->Val FAD, onset 64 years 
domain

82 TM1 Val�Leu FAD, onset 55 years 
94 TM1 Val�Met See [71]
96 TM1 Val�Phe FAD, onset 53 years
105 TM1/TM2 loop Phe�Leu FAD, onset 52 years
113-114 TM1/TM2 loop Insert Thr FAD, onset 35 years 
(insert)
115 TM1/TM2 loop Tyr�His FAD, onset 37 years
115 TM1/TM2 loop Tyr�Cys FAD, onset 42 years 
116 TM1/TM2 loop Thr�Asn FAD, onset 37 years 
117 TM1/TM2 loop Pro�Leu AD, onset 28 years 
120 TM1/TM2 loop Glu�Asp FAD, onset 48 years 
120 TM1/TM2 loop Glu�Lys FAD, onset 37 years 
123 TM1/TM2 loop Glu�Lys FAD, onset 56-62 years
135 TM2 Asn�Asp FAD, onset 36 years 
139 TM2 Met�Thr FAD, onset 49 years 
139 TM2 Met�Val FAD, onset 40 years
139 TM2 Met�Ile AD
139 TM2 Met�Lys FAD, onset 37 years 
143 TM2 Ile�Thr FAD, onset 35 years 
143 TM2 Ile�Phe FAD, onset 55 years 
146 TM2 Met�Leu FAD, onset 45 years 
146 TM2 Met�Val FAD, onset 38 years 
146 TM2 Met�Ile FAD, onset 40 years 
147 TM2 Thr�Ile FAD, onset 42 years 
156 + TM3 interface Tyr� (Phe,Ile,Tyr) FAD
insert
163 TM3 interface His�Arg FAD, onset 50 years
163 TM3 interface His�Tyr FAD, onset 47 years
165 TM3 Trp�Cys FAD, onset 42 years
169 TM3 Ser�Leu FAD, onset 31 years
169 TM3 Ser�Pro FAD, onset 35 years 
171 TM3 Leu�Pro FAD, onset 40 years 
173 TM3 Leu�Trp FAD, onset 27 years 
177 TM3 Phe�Ser FAD
178 TM3 Ser�Pro FAD
184 TM3 Glu�Asp FAD
206 TM4 Gly�Ser FAD
209 TM4 Gly�Val FAD, onset 30-48 years 
209 TM4 Gly�Arg FAD, onset 49 years 
213 TM4 interface Ile�Thr FAD, onset 42-48 years
213 TM4 interface Ile�Leu FAD
219 TM4 interface Leu�Pro FAD 
219 TM4 interface Leu�Phe See [71]
222 TM5 Gln�Arg FAD
231 TM5 Ala�Thr FAD, onset 52 years
231 TM5 Ala�Val FAD 
233 TM5 Met�Thr FAD, onset 35 years 
233 TM5 Met�Leu FAD, onset 46 years
235 TM5 Leu�Pro FAD, onset 32 years
237 TM5 Phe�Ile AD with spastic 

paraparesis, 31 years
246 TM6 Ala�Glu FAD, onset 55 years 
250 TM6 Leu�Ser FAD, onset 53 years 
260 TM6 Ala�Val FAD, onset 40 years
261 TM6 Val�Phe FAD
262 TM6 Leu�Phe FAD, onset 50 years

Table 1 (continued)

PS1

Codon Location Mutation Phenotype

263 TM6/TM7 loop Cys�Arg FAD, onset 47 years
264 TM6/TM7 loop Pro�Leu FAD, onset 45 years
267 TM6/TM7 loop Pro�Ser FAD, onset 35 years
269 TM6/TM7 loop Arg�Gly FAD, onset 47 years 
269 TM6/TM7 loop Arg�His FAD, onset 47 years
273 TM6/TM7 loop Glu�Ala FAD, onset 63 years
274 TM6/TM7 loop Thr�Arg FAD
278 TM6/TM7 loop Arg�Thr FAD, onset 37 years 
280 TM6/TM7 loop Glu�Ala FAD, onset 47 years 
280 TM6/TM7 loop Glu�Gly FAD, onset 42 years 
282 TM6/TM7 loop Leu�Arg FAD, onset 43 years 
285 TM6/TM7 loop Ala�Val FAD, onset 50 years 
286 TM6/TM7 loop Leu�Val FAD, onset 50 years
290 TM6/TM7 loop Ser>Cys FAD, onset 39-50 years
291-319 TM6/TM7 loop Shortened FAD
deletion loop
352 TM6/TM7 loop Insert Arg FAD
(insert)
354 TM6/TM7 loop Thr�Ile FAD
358 TM6/TM7 loop Arg�Gln FAD
365 TM6/TM7 loop Ser�Tyr FAD
378 TM7 Gly�Glu FAD, onset 35 years
384 TM7 Gly�Ala FAD, onset 35 years 
390 TM7 Ser�Ile FAD, onset 39 years 
392 TM7 Leu�Val FAD, onset 25-40 years 
394 TM7 Gly�Val FAD
405 TM7/TM8 loop Asn�Ser FAD, onset 48 years
409 TM8 Ala�Thr FAD, onset 58 years
410 TM8 Cys�Tyr FAD, onset 48 years
418 TM8 Leu�Phe FAD
424 TM8 Leu�Arg FAD, onset 33 years 
426 TM8 Ala�Pro FAD, onset 48-60 years
431 Carboxy-terminal Ala�Glu FAD

domain
434 Carboxy-terminal Ala�Cys FAD

domain
435 Carboxy-terminal Leu�Phe FAD

domain
436 Carboxy-terminal Pro�Ser FAD, 

domain onset 48-60 years 
436 Carboxy-terminal Pro�Gln FAD, onset 

domain 48-60 years 
439 Carboxy-terminal Ile�Val FAD

domain

PS2

Codon Location Mutation Phenotype

62 N-term Arg�His AD, onset 62 years 
122 TM1/TM2 loop Thr�Pro FAD, onset 46 years
141 TM2 Asn�Ile FAD, onset 50-65 years
148 TM2 Val�Ile AD, Onset 71 years
239 TM5 Met�Val FAD, onset variable 45-
84 yrs
239 TM5 Met�Ile FAD, onset 58 years

Compiled from [2,70,71]. Abbreviations: AD, Alzheimer’s disease;
FAD, familial Alzheimer’s disease; TM, transmembrane segment;
TM1/TM2 loop, the loop between transmembrane segments 1 and 2. The
age of onset of disease is given if it is known. 
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Figure 2 
The role of presenilins in the �-secretase cleavage of Notch and �APP. Notch is cleaved by tumor necrosis factor � converting enzyme (TACE), and its
ligand binds to the part of Notch that remains attached to the membrane. �APP is cleaved by either the �-secretase pathway or the �-secretase pathway
to give a membrane-bound carboxy-terminal fragment (APP-CTF). Subsequent �-secretase cleavage (in the transmembrane domain) of Notch or APP-
CTF produces carboxy-terminal intracellular domains, NICD and AICD, respectively, which enter the nucleus and are thought to regulate gene
expression. The �-secretase cleavage of �APP also produces the neurotoxic A� peptide, but only if �APP has been first cleaved by �-secretase (not
�-secretase). The �-secretase complex includes, in addition to PS1, the presenilin-binding protein nicastrin; members of the Armadillo protein family,
such as �-catenin, have also been detected in presenilin complexes, although their role is not understood. Aph-1 and Pen-2 may also participate in the
�-secretase complex. 
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