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Abstract: The N-end rule pathway is a protein degradation pathway mediated by the ubiquitin-proteasome system, which specifically
targets and degrades target proteins by recognizing specific residues at the N-terminus of the proteins. The residues which play a
crucial role in the N-end rule pathway are called degrons, also known as N-degrons, as they are usually unstable at the N-terminal end
of the protein. Currently, several N-end rule pathways have been identified in the eukaryotes, including the Arg/N-end rule, Ac/N-end
rule, and Pro/N-end rule pathways, as well as the recently discovered Gly/N-end rule pathway. The Ac/N-end rule pathway targets
proteins containing N-terminal acetylation (Nt-acetylation) residues. The Arg/N-end rule pathway, on the other hand, targets certain
unacetylated residues and involves N-terminal arginylation. For proteins with N-terminal proline (Pro) and glycine (Gly) residues,
they are neither modified by acetylation nor recognized through the Arg/N-end rule pathway. Therefore, these proteins are primarily
recognized and degraded through the Pro/N-end rule pathway and the Gly/N-end rule pathway. The regulation of specific proteins
through N-end rule pathway-mediated degradation plays an important role in numerous physiological and pathological processes,
such as cardiovascular development, neurogenesis, meiosis, spermatogenesis, HPV infection, and cell apoptosis. In this review, we
summarize the role and mechanisms of several known N-end rule pathways and discuss their relationship with certain diseases. As an
independent protein degradation system, the N-end rule pathways still hold countless biological secrets waiting for exploring. The
comprehensive understanding of these pathways could potentially uncover novel therapeutic targets for various diseases.
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Fig. 1. The Arg/N-end rule pathway. C*: C is oxidized with the participation of NO and O,; NTANI: N-terminal asparagine

amidohydrolase 1, which can recognize N-terminal asparagine (Asn) and convert it into aspartic acid (Asp); NTAQI: N-terminal

glutamine amidohydrolase 1, which functions to remove the amine group and convert N-terminal glutamine to glutamate; ATE1:

arginyl-tRNA-protein transferase 1; UBRI, 2, 4, 5: ubiquitin protein ligase E3 component N-recognin 1, 2, 4, 5; R: Arg; K: Lys; H:
His; L: Leu; F: Phe; Y: Tyr; W: Trp; I: Ile; D: Asp; E: Glu; N: Asn; Q: Gln; C: Cys.
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Nt-acteylases Ac S Doal0 E3
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NatB AcT ubc6 E2
E::g Ac V ubc7 Proteins
Degradation
Ac C

Fig. 2. The Ac/N-end rule pathway. MetAPs: methionine aminopeptidases; Ac: acetylation; M: Met; A: Ala; V: Val; S: Ser; C: Cys; T:

Thr; V: Val; G: Gly; P: Pro.
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RyEH,
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Fig. 3. The glycine/N-end rule pathway. G: Gly.
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J& Cul2-RING iz R EHM A0 — 87, X
20 i 5 B 5 7 (cell cycle regulator). ZYG11B 7] i
TIRE S F A AR T, S
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SRR AR, HINEERR T 25 N Gly [0
A R L ER (5 B AR A, TR AIE BH 5 AR B AN
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.
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FMIRGS16 **, RGSEAXIEE GHE G THEE
PIFF. RGSiEd 5 GPCR LL K G & I # AL ]
HAEM, A GE G5 % 3050 FE ST ),
RGS H [ S5 H 1 s 02 mT BAIE IS 22 FRL D i) G &
S iE s, Hodb i E LS 8 ek GTP B
T AR AT Gou Y 5 A7 [9] 21 AT A6 1 GDP 45 67
XFE—K, RGS [0 LURE Go #5548 N
FAEIRAS, AT I AE 5 S B s . 1) 4 S 1 [
AGERE, RS 0T Sh SRR I R . X R RGS R
FXF G AR Ol FoR e TR sl oA K
FRGAFA SE R A OC B, 7R R a0 AN LA ) A
T RANME 5% Sl 8 b R T EEAE AN, 18
— T s, W R CAEMIAEATEL/NR P, |
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