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Targeted protein degraders based on biomacromolecules: current
progress and challenges

YE Zi-yue®, XU Chang’, ZHANG Yu-ting, ZHAO Yue, XU Cong-cong’

(International College of Pharmaceutical Innovation, Soochow University, Suzhou 215000, China)

Abstract: Targeted protein degradation (TPD) drugs, which specifically degrade protein of interest, provide
novel therapeutic strategies for a spectrum of diseases. However, traditional small-molecule degraders still face
challenges such as poor bioavailability, limited availability of E3 ligases, and significant off-target effects.
Macromolecule-based TPD agents, characterized by greater design flexibility and enhanced specificity, hold
promise for overcoming the limitations of conventional proteolysis-targeting chimeras (PROTACSs). This article
focuses on macromolecular degradation systems, systematically analyzing and comparing the molecular
mechanisms, clinical translation potential, and inherent challenges of different technological approaches based on
two major intracellular degradation pathways—the ubiquitin-proteasome system and the lysosomal pathway.
Furthermore, we discussed emerging directions, including transmembrane protein degradation and light-controlled
protein degradation, offering insights for developing precision-targeted protein degradation-based therapeutic
frameworks.
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Table 1 A comparison between traditional small molecule- and

macromolecule-based degradation systems

Small molecule-based ~ Macromolecule-based

Property

degrader degrader
Molecular weight  0.7-1.1 kDa >10 kDa
Resistance High Low
Specificity Low High
Reusability High Low
Immunogenicity Low High

Target sites Intracellular proteins Extracellular and

membrane proteins
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Figure 1 The mechanism of bioPROTACs. a: Recognition and binding, the bioPROTAC simultaneously binds to the target protein and E3

ligase; b: Ubiquitination of target proteins, E3 ligase prompts the ubiquitin molecule to modify the target protein; c: Proteasome recognition

and degradation, the ubiquitin-labeled target protein is then transported to the proteasome for specific degradation. E2: E2 ubiquitin-conju-

gating enzyme; POI: Protein of interest; bioPROTAC: Biological proteolysis-targeting chimera; Ub: Ubiquitin
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Figure 2 Schematic illustration of TRIM21-based protein degradation mechanism. A-a: Formation of the complex. Specific antibodies are

delivered into cells, and the antibodies form high-affinity complexes with the target proteins; A-b: Ubiquitination of RING structure of the

complex. The TRIM21 protein specifically recognizes the Fc segment of the antibody, mediates the binding of the antigen-antibody complex,

and catalyzes the ubiquitination modification; A-c: Degradation of the complexes in the proteasome; B-a: Formation of the complex. Specific

nanobodies are delivered into cells form high-affinity complexes with the target antigen; B-b: Ubiquitination of RING structure of the

complex; B-c: Degradation of the complexes in the proteasome. P: Phosphate group; R-Nb: RING-nanobody
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Figure 3 The mechanism of PA200-mediated target protein
degradation. a: PA200 specifically recognizes and binds to acety-
lated modified histones through its BRDL domain; b: The C-terminal
YYA motif interacts with the a subunit of the 20S proteasome,
inducing a -ring conformational rearrangement to open substrate
channels and promoting the entry of acetylated histones into the
proteasome degradation chamber; c: Degradation of the target
protein in the proteasome. BRDL: Bromodomain-like region; 20S:

20S proteasome
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Figure 4 Schematic illustration of CMA-mediated protein degradation. a: HSC70 chaperone binds KFERQ motifs on substrates; b: Bind-

ing; c; Hsc70-substrate complex docks to LAMP2A on lysosomal membranes; d: Subunits unfold and are translocated into lysosomes via

LAMP2A oligomers; e: Lysosomal hydrolases digest substrates; f: Dissociation. CMA: Chaperone-mediated autophagy; HSC70: Heat shock

cognate 70 kDa protein; LAMP2A: Lysosome-associated membrane protein 2A; HSP90: Heat shock protein 90
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Figure 5 The mechanism of antibody-based PROTACs (AbTACs). a: AbTACs are bispecific antibodies that simultaneously bind a cell-

surface E3 ligase via one arm to a target membrane protein via the other arm; b: Ubiquitination of the target by the recruited E3 ligase; c:

Endocytosis; d: Lysosomal degradation (via endocytosis) instead of proteasomal degradation
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Table 2 Summary of the research progress and challenges in the targeted protein degradation drugs based on biomacromolecules. PCNA:

Proliferating cell nuclear antigen

Target protein

Degradation Target
& degradation Advantage Challenge & .
pathway protein

technology
Proteasome- bioPROTACs The flexibility of the drug to bind to the E3  The efficiency of transmembrane transport is severely PCNA,
mediated ligase is high; the specificity of the target restricted by the cell membrane barrier; some KRAS
degradation protein degradation is strong bioPROTAC:S are easily degraded and require
pathways frequent administration of high doses
Trim-Away Fast-onset; the specificity of the target The problem of low permeability efficiency; the need  Tau, HuR
protein degradation is strong for higher concentrations of antibodies makes the
process of antibody production more difficult and
may induce an anti-drug antibody (ADA) response
Proteasome Ubiquitin-independent; ATP independence;  The modification specificity of the acetylation H2B,
activator PA200  enhance the degradation rate of acetylated modification-dependent recognition pattern limits its ~ H3, N-
histones by 20S proteasomes; specific for application scope; overexpression of PA200 may Htt
acetylation modifications reduce the activity of immunoproteasomes and the
diversity of antigenic peptides
Lysosome- CMA High substrate selectivity; precise Limited substrate; difficulty with tissue-specific KFERQ,
mediated regulation of temporal and spatial control delivery; LAMP2A receptor number and stability are ~ KFERQ-
degradation of substrate recognition by molecular limited; competition issues with other degradation like
pathways chaperones; fast response independent of pathways
vesicles; low energy consumption
Antibody-based  The long half-life of the antibody leads to a  Significant risk of immunogenicity; the high HER2,
PROTACs long-acting effect; high targeting and molecular weight makes delivery difficult PD-L1
specificity
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