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RIG-I
(RNA)

cGAS
(DNA)

Extracellular

Intracellular

PAMPS – Pathogen associated molecular patterns

Extracellular

Intracellular P1/P2Y

ATP

DAMPS – Damage associated molecular patterns

Extracellular

Intracellular
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Immune Response

Sensing through displacement?
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HI Serum  = Heat Inactivation at 52°C for 45 minutes
Serum+EGTA = Addition of 0.1M EGTA to chelate calcium
Serum+Plasmin = Non‐specific protease in clotting cascade

Serum Proteins mediate immunity – Heat Stable
– Calcium Independent

Antibody

– Heat Labile
– Calcium Dependent

Complement
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Complement

GFP‐Adv5

Serum contains multiple components that stimulate immunity

DAPI S. Typhimurium Antibody 

DAPI Adv

Antibody  Complement

Serum proteins are carried into the cell by pathogens during infection
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• Antibodies must reach the cytosol to provoke signalling
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• Sensing requires an infectious event

(nonpermissive)

(permissive)

Adv5

Intracellular antibody is sensed in the cytosol during viral infection
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Nucleus

Cytoplasm

?
IκB

NFκB

What detects antibody in the cytosol?

Dapi TRIM21 Merge

3. TRIM21 is a cytosolic protein

β-actin
TRIM21

- +
IFNα

4. TRIM21 is an ISG (interferon-stimulated gene)
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Complex kon ( 106 M -1 s-1) koff (s-1)  Kd (M )  
H21-Human IgG 3.5 (±0.3) 0.46 (±0.01) 1.3 (±0.15) 10-7 
H21-Canine IgG 1.54 (±0.01) 0.25 (±0.05) 1.6 (±0.4) 10-7 

H21-Guinea Pig IgG 0.73 (±0.02) 10.43 (±0.2) 1.4.(±0.07) 10-5 
H21-Monkey IgG 2.7 (±0.06) 0.24 (±0) 8.9 (±0.2) 10-8 
H21-Mouse IgG 0.18(±0.01) 1.3 7.2 10-6 

H21-Rat IgG 0.8 (±0.02) 1.33 (±0.1) 1.7 (±0.02) 10-6 
M21-Mouse IgG 3.16 1.35 4.3 10-7 
M21-Canine IgG  2.9 (±0.1) 0.5 (±0.01) 1.7 (±0) 10-7 

M21-Guinea Pig IgG 2.9 (±0.1) 4.33 (±0.02) 1.5 (±0) 10-6 
M21-Human IgG 2.04 1.92 9.4 10-7 
M21-Monkey IgG 1.9 (±0.1) 1.1 (±0.01) 5.8 (±0) 10-7       

M21-Rat IgG 2.3 (±0.1) 2.77 (±0.02) 1.2 (±0) 10-6 
 
 
 

2. TRIM21 is highly conserved in mammals1. TRIM21 binds IgG with v.high affinity

+

0.6nM

TRIM21 is a cytosolic antibody receptor
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Antibodies potently activate NFB via TRIM21
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Antibodies also activate AP‐1 & IRF pathways via TRIM21
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TRIM21 detection of cytosolic antibody activates cytokine production

GFP‐Sindbis infection of HeLa cells
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Supernatant transfer from WT and K21 MEF 
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TRIM21 immune signalling is sufficient to induce an antiviral state
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TRIM21 signalling is not pathogen specific

DAPI S. Typhimurium Antibody TRIM21 Merge 

DANGER!
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TRIM21 senses antibody‐coated cytosolic bacteria

Human Rhinovirus 14 (HRV14)
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Antibodies are less effective at inhibiting HRV14 replication without sensing
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Human Rhinovirus 14 (HRV14)

TRIM21 can inhibit HRV14 replication in the absence of sensing

WT Adv5
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TRIM21 inhibition of Adv5 replication is entirely independent of sensing
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TRIM21 neutralizes GFP‐Adv5 infection

disposal?
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TRIM21 neutralizes GFP‐Adv5 infection via the proteasome

degradation of 
viral proteins

Antibody TRIM21
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Proteasome
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TRIM21 neutralizes GFP‐Adv5 infection via the proteasome
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degradation of 
viral proteins
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Proteasome
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VCP as an energy-dependent, 
ubiquitin-selective segregase 
and unfoldase

 Could pre-processing of 
viral capsid by VCP 
enable proteasomal 
degradation in ADIN?

Proteasomal
degradation

VCP
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ASegragase

Unfoldase

How does the cell deal with challenging substrates?
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• VCP is essential for TRIM21 viral 
neutraliation.

• VCP and TRIM21 operate on the same 
pathway of viral neutralization.

VCP is essential for TRIM21‐mediated neutralization

DBeQ = specific inhibitor of VCP ATPase activity
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ATPase activity of VCP is essential for TRIM21‐mediated neutralization

IC50 of DBeQ inhibition of ATPase activity similar to IC50
of ADIN inhibition
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ATPase activity of VCP is essential for TRIM21‐mediated neutralization
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VCP is essential for degradation of infecting virus and antibody

ProteasomeVCP

Segragase
Unfoldase

IgG
TRIM21

Adenovirus

TRIM21 directs infecting virions for degradation by VCP and the proteasome

‐1 0 +3 +7

Endpoint

Day:

MAV‐1 + antiserum
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p < 0.005
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n = 5 WT
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3.6x103 TCID50 units MAV‐1
+/‐MAV‐1 antiserum (1:2560)

TRIM21 provides important immune protection in vivo

**
*
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Antibody
Adenovirus

Effector
DANGER!

Sensor

TRIM21

How does TRIM21 act as both a sensor & effector?

Coiled‐coil:

B Box and 
RING domains:

PRYSPRY: 

TRIM21 is a multidomain protein:

N terminus 

C terminus 

TRIM21 is a multidomain protein:
1. PRYSPRY mediates IgG binding

CH2 CH2

CH3 CH3

TRIM21
PRYSPRY

TRIM21
PRYSPRY

IgG Fc

PRYSPRY: 
Binds IgG
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TRIM21
PRYSPRY

TRIM21
PRYSPRY

IgG Fc

FcγR
PRYSPRY: 
Binds IgG

TRIM21 is a multidomain protein:
1. PRYSPRY mediates IgG binding

 1.0

 2

 4.0 

 0.5

G (kcal/mol‐1)

PRYSPRY: 
Binds IgG

TRIM21 hotspot residues required for antibody binding
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Y328

W383

W381

TRIM21
PRYSPRY

CH2

CH3

PRYSPRY: 
Binds IgG

TRIM21 contacts both CH2 and CH3 IgG Fc domains

IgG Fc
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Interaction is largely driven by binding to the end of CH3 
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Strength of TRIM21:antibody interaction correlates with antiviral activity
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Direct antibody interaction is required for TRIM21 antiviral function
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Ubiquitination

PRYSPRY: 
Binds IgG

1. TRIM21 is a Ubiquitin ligase

TRIM21AdV‐9C12 MergeK48‐UbDAPI

TRIM21AdV‐9C12 MergeK48‐Ub

3. TRIM21:Virus:Ab complexes colocalize with K48‐Ubiquitin 

2. TRIM21 functions are RING dependent
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TRIM21 is a multidomain protein:
2. RING domain is an E3 ubiquitin ligase
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P1/P2Y
ATP

TLRs

RIG-I cGAS

PAMPs
Pathogen Associated 
Molecular Patterns

DAMPs
Damage Associated 
Molecular Patterns

TRAMPs
Translocated Molecular 
Patterns

Q. Can cells sense infection without PAMPs or DAMPs?
A. Yes! 

TRIM21 mediates a dual sensor & effector 
response


