
Pseudomonas that caused a hypersensitive response leading to occur-
rence of necrotic lesions at the infection sites.1 However, much of our 
understanding of the IAN/GIMAPs functions comes from studies 
of animals though they are initially described in plants. In animal 
cells, such as rat, mouse and human, the IAN/GIMAP mRNAs are 
expressed predominantly in immune tissues and play crucial roles in 
regulating T-cell development and in maintaining T-cell homeostasis 
for normal immune functions.2-6

Most of the IAN/GIMAP genes are clustered in both plant and 
vertebrate genome. For example, 12 of 13 AtIAN family members 
(above 90% of total AtIANs) are localized on chromosome 1 and 
4 in a tandem array.7 In mouse, eleven IAN genes were previously 
predicted to lie within a tight cluster on Chromosome 6, and a 
cluster of 10 human IAN genes was found to localize within about 
300 kb in the chromosome 7.6,8-10 Tandem gene duplication is 
considered as a key mechanism for the expansion of IAN/GIMAP 
gene family.11

All the IAN/GIMAP proteins have specific conserved amino acid 
domains: a AIG1 domain and a coiled-coil motif.6,7 The AIG1 domain 
consists of five motifs (G1–G5) for GTP-binding and a conserved 
hydrophobic box between G3 and G4 unique to AIG1-like proteins.6,12 
Interestingly, the IAN/GIMAP proteins are localized at multi-sites 
including cytoplasm, ER, Golgi complex and mitochondria.2,6,9,10,13 
Distinct localization of the IAN/GIMAP protein members implies 
multiple modes of IAN mediated signaling pathways.

IAN/GIMAP Proteins as Key Regulators of Immune Response

The capacity of IAN proteins to stimulate immune response 
to infectious pathogens was first identified in Arabidopsis. Recent 
computational analysis showed that in addition to induction by 
Pseudomonas infection, AtIAN8 (AIG1) is also highly inducible by 
P. infestans and syringolin, and is slightly promoted by salicylic acid. 
The expression levels of AtIAN3 and AtIAN11 are highly increased 
by the infection of nematode, while the transcripts of AtIAN11, 
AtIAN12 and AtIAN13 are repressed by Myzus. Persicae.7 These 
results suggest that these IAN/GIMAP genes play important roles 
in biotic defense responses. The experimental analysis is needed to 
verify their functions in plant defense and the underlying molecular 
mechanisms.

The studies from human and mouse have provided clear and 
convincing evidence that the IAN/GIMAPs function as critical 

[Plant Signaling & Behavior 4:3, 165-167; March 2009]; ©2009 Landes Bioscience

The IAN (immune-associated nucleotide-binding protein) 
family belongs to a family of AIG1-like GTPases. These function-
ally uncharacterized GTP-binding proteins have unique structures 
and are differentially expressed in both vertebrate immune cells 
and plant cells during antibacterial responses. In mammals, the 
IANs, as a novel family of T cell receptor-responsive proteins, play 
critical roles in regulation of thymic development and survival of 
T lymphocytes through the interaction with Bcl-2 family proteins. 
The Arabidopsis AIG1 and AIG2, which are first identified IAN 
proteins, are involved in plant resistance to bacteria. Recent analysis 
of the expression patterns of Arabidopsis IANs suggests that these 
IAN proteins may play regulatory roles during plant development 
and response to both biotic and abiotic stress.

GTP-binding proteins are key components of biological complexes 
which control growth and development of eukaryotes under normal 
and stress conditions. IAN (immune-associated nucleotide-binding 
proteins (also known as GIMAP: GTPase of immunity-associated 
proteins) proteins belong to a novel GTPase family. Many IAN/
GIMAP proteins have been found to present in both animal and 
plant cells. It is reported that the proteins function in the survival 
and development of T lymphocytes in mouse and human and in 
resistance responses in Arabidopsis thaliana.

What are IAN/GIMAP Proteins?

IAN/GIMAP proteins are a family of GTP-or/and ATP-binding 
proteins conserved in vertebrates and angiosperm plants, and they 
were named according to their most prominent function in devel-
opment of immune system and regulation of immune responses. 
The first IAN/GIMAP protein was found in Arabidopsis and desig-
nated as AIG for avrRpt2-induced gene. The expression of AIG1 is 
rapidly and transiently induced by infection with avirulent strains of 

Mini-Review

IAN/GIMAPs are conserved and novel regulators in vertebrates and 
angiosperm plants
Zhijuan Wang and Xia Li*

The State Key Laboratory of Plant Cell & Chromosome Engineering; Center of Agricultural Resources; Institute of Genetics and Developmental Biology; Chinese Academy of 
Sciences; Shijiazhuang, Hebei, China

Key words: IAN/GIMAP proteins, AIG1 domain, survival, stress response, immune response

*Correspondence to: Xia Li; The State Key Laboratory of Plant Cell & Chromosome 
Engineering; Center of Agricultural Resources; Institute of Genetics and Developmental 
Biology; Chinese Academy of Sciences; 286 Huaizhong Road; Shijiazhuang, Hebei 
050021 China; Tel.: 86.0311.85871744; Fax: 86.0311.85815093; Email: xli@
genetics.ac.cn

Submitted: 12/21/08; Accepted: 12/23/08

Previously published online as a Plant Signaling & Behavior E-publication: 
http://www.landesbioscience.com/journals/psb/article/7722

www.landesbioscience.com Plant Signaling & Behavior 165



AUTHOR: please provide running title

166 Plant Signaling & Behavior 2009; Vol. 4 Issue 3

Functions of IAN/GIMAPs proteins

distinct  expression patterns and/or tissue specificity during plant 
development and response to various environmental stimuli by a 
computational approach.7 For instance, AtIAN13 is expressed mainly 
in pollen and AtIAN4 is preferentially in radicle, whereas AtIAN5 
is expressed in pollen, cotyledon and lateral roots. The expression 
profiles of these genes suggest that they may temporally and spatially 
regulate organ development in plants. Furthermore, the gene 
expression analysis also reveals roles of AtIAN in plant response to 
abiotic stress. For example, the expression of AtIAN5 and AtIAN9 is 
increased by heat treatment. The expression of AtIAN8 and AtIAN9 
is slightly increased by osmotic. Interestingly, AtIAN8 (AIG1) and 
AtIAN11 are responsive to both biotic and abiotic stress (e.g., cold), 
suggesting that these genes may be the promising candidates for 
common players that are involved in crosstalk between abiotic and 
biotic stress signaling pathways.

In mammals, differential gene expression patterns for IAN/
GIMAP members have also been detected. Some genes are expressed 
at higher levels in non-immune tissues and cells such as GIMP4 
in human which is expressed in several organs of the reproductive 
system like placenta, prostate and testis except its expression in 
immune cells.6 In addition, the physiological roles and molecular 
functions of some IAN/GIMAPs such as IAN12/GIMAP2 still 
remain unknown. We cannot exclude the possibilities that mamma-
lian IAN/GIMAPs may also play diverse roles during development 
and in response to various stresses.

Conclusion and Perspectives

Much remains to be learnt about the IAN/GIMAPs biology. 
In Arabidopsis, more than a decade has passed since the first IAN 
protein was identified. However, it is still not known how the protein 
modulates the host immune response. Microarray results now suggest 
that AtIANs may play important roles in plant growth and develop-
ment, as well as in responses to abiotic stresses. Therefore, attention 
should be paid to the physiological and molecular role of the IAN 
proteins and their intercellular signaling capacity in adaptation to 
their growth environment. An integrated reverse genetic approach is 
essential to elucidate the functions of AtIANs during their lifetime.

The importance of the IAN/GIMAP proteins in physiological and 
immunological processes has been confirmed in animals and human. 
The combined functional genomic, computational and proteomics 
approaches will further our understanding of the various immuno-
regulatory mechanisms in which IAN/GIMAP proteins are involved. 
Those novel insights could help us to harness the power of these 
proteins for the control of inflammatory processes and the treatments 
of human diseases including cancers, diabetes and infections.
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as IAN1, IAN4, IAN5 are highly expressed in T lymphocytes and 
their expression is significantly elevated upon the maturation of 
DP to SP thymocytes.9 Recently, more compelling evidence reveal 
the important roles of mammalian IAN/GIMAP family proteins 
in T-cell development, selection and survival, in controlling T-cell 
homeostasis, autoimmunity and leukemogenesis.10

For example, overexpression of IAN1 in fetal thymus organ 
culture resulted in severe apoptosis of developing thymocytes, 
whereas IAN1-deficient mice showed a significant delay in cell 
death of peripheral T cells suggesting the role of IAN1 in promoting 
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IAN/GIMAPs Regulate Cell Apoptosis through Mitochondria-
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survival in IAN5 knockdown T cells.9

Divergent Roles of IAN/GIMAP Proteins

Recently, divergent roles of IAN proteins have been noticed 
although they are well known for their functions in immune 
response. In Arabidopsis, 13 AtIAN/GIMAP genes show very 
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