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Based on PAML⁵ analysis of CEACAM proteins from 19 hominid, 
Old World Monkey and New World Monkey primates.

The CEACAM protein family⁴
A multifunctional cell adhesion family in vertebrates
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Several bound by bacteria
• CEACAM1   • CEACAM5 (CEA)  
• CEACAM6   • CEACAM3

Functions include...
 • Cell adhesion 
• Intra- and Intercellular signaling
• Immune function
• Cell cycle modulation

CEACAMs 1, 5 & 6 

• strong markers of cancer 
progression and prognosis

• expressed on epithelia (esp. 
gastric) and immune cells

• housekeeping proteins 
involved in cellular signaling

CEACAM3 
• expressed on immune cells
• likely a dedicated immune 

protein

Region bound by 
bacterial adhesinsCEACAMs bound by bacterial adhesins the 

most rapidly evolving in primates

• niche construction
• immune evasion

Bacterial adhesin proteins can 
exploit cell surface proteins for...⁴

• movement through the host

Potentially decreasing host fitness
bacterial adhesin – host protein 

interactions

Consequences of evolutionary 
conflict between pathogens and 

host ‘housekeeping genes’
• Pathogen antagonism is predicted to lead to 

an ‘evolutionary arms race’ 
– characterized by rapid evolution 

host and bacterial proteins.

Model of bacterial adhesin host 
protein evolutionary arms race 1 Bacterial adhesin is unable to bind to 

the host epithelial protein

2
Pressure to manipulate host drives 
evolution of bacterial adhesin to bind 
host protein

3
Pressure to prevent exploitation favors 
evolution of host protein away from 
adhesin binding

4
Pressure to evolve shifts back to the 
bacterial adhesin

If and how housekeeping genes can evolve 
against pathogen exploitation is unclear.

How host  ‘housekeeping’ proteins can 
evolve to evade pathogen exploitation 
and maintain essential functions is an 

open question.

Sites under selection are concentrated 
in the N-domains*

 domain targeted by bacterial adhesins

* based on NS-sites analysis in PAML
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Some sites under 
selection localize 
to interface with 
H. pylori HopQ

Highlighted sites indicated as under selection by 
phylogenetic analysis programs PAML, FEL⁶ and MEME⁷

Bonobo CEACAM1 N-domain is unable to bind HopQ 
and has unusually divergend protein sequence
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H. pylori encodes the CEACAM 
binding adhesin HopQ³

HopQ

CEACAM1

CEACAM1 - HopQ 
binding is important for 

H. pylori niche 
construction and 

virulence.

Helicobacter pylori

*The WHO classifies 
H. pylori as a type I 

carcinogen² 

• Colonizes ~50% of all humans

• Infection with H. pylori can cause...

o Gastritis 
o Peptic ulcers
o Gastric cancer*

A ubiqutous,  pathogenic 
gut microbe¹
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Phylogeny of 
CEACAM N-domains

†Phylogenies built in PhyML⁸ using 
CEACAM sequences from 19 primate 
species and tested with 1000 
bootstrap replicates
    Nodes with bootstrap support >750*

Sequence differences between primate N-domain 
determines binding with H. pylori HopQ

Pulldowns between primate 
N-domains and and H. pylori strain 

G27. Binding determined by 
western blot and flow cytometry. 

Input is 10% protein input.

Rapid accumulation of amino acid changes in bonobo CEACAM1 could 
be due to gene conversion within the CEACAM N-domain 

branch length 
to scale

equal branch 
lengths

In phylogeny of full length sequences homologous CEACAM 
proteins generally group together with high bootstrap support

In phylogeny of only CEACAM N-domains...
• slower evolving CEACAMs group 

with homologous sequences with 
high bootstrap support

• CEACAMs 1, 3, 5 & 6 cluster 
together 
- Often, not alway, with low support

• Several clades support recent 
gene conversion among 
paralogous N-domains

• Origin of bonobo CEACAM1 still unclear

Clades supporting gene conversion

- May be the result of multiple 
conversion events

By swapping similar, but 
divergent N-domains 

CEACAMs antagonized 
by pathogens may be 

able to evade 
exploitation while 

maintaining essential 
functions.  
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