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Protein family review
The 14-3-3s
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Summary

Multiple members of the 14-3-3 protein family have been found in all eukaryotes so far
investigated, yet they are apparently absent from prokaryotes. The major native forms of 14-3-3s
are homo- and hetero-dimers, the biological functions of which are to interact physically with
specific client proteins and thereby effect a change in the client. As a result, 14-3-3s are involved
in a vast array of processes such as the response to stress, cell-cycle control, and apoptosis,
serving as adapters, activators, and repressors. There are currently 133 full-length sequences
available in GenBank for this highly conserved protein family. A phylogenetic tree based on the
conserved middle core region of the protein sequences shows that, in plants, the 14-3-3 family
can be divided into two clearly defined groups. The core region encodes an amphipathic groove
that binds the multitude of client proteins that have conserved 14-3-3-recognition sequences.
The amino and carboxyl termini of 14-3-3 proteins are much more divergent than the core
region and may interact with isoform-specific client proteins and/or confer specialized subcellular
and tissue localization.
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Figure 2 (see the figure on the next page)
Phylogenetic relationships of 14-3-3s. This tree is a rooted cladogram from a neighbor-joining analysis [40] of the 133 different full-length 14-3-3 isoforms
that are currently available in the GenBank database [37], with Dictyostelium discoideum 14-3-3 as the outgroup. Arabidopsis isoforms are highlighted in
green. The separation of plant epsilon and non-epsilon 14-3-3 proteins is clearly visible. 

Figure 1
Conservation of 14-3-3 proteins. (a) A graph of percentage similarity derived from (b), which shows a multiple sequence alignment of 40 selected 14-3-3
isoforms (available with the complete version of this article, online). Highly conserved helices in (a) are in red and are indicated by numbers that
correspond to helices in the crystal structure of Figure 3. 
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Figure 2 (see the legend on the previous page)

Dictyostelium discoideum
Arabidopsis thaliana GF14 Iota
Fritillaria cirrhosa
Arabidopsis thaliana GF14 Epsilon
Arabidopsis thaliana GF14 Omicron
Tobacco Roots and Flowers
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Tobacco bZIP reg D75
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Soybean GF14 D 
Vicia faba Protein B 
Maackia amurensis
Arabidopsis thaliana GF14 Mu
Soybean GF14 C 
Cionia intestinalis
Drosophila melanogaster Epsilon
Xenopus laevis Epsilon
Rat Epsilon
Human Epsilon
Sheep Epsilon
Fucus vesiculosus
Schistosoma japonicum
Schistosoma mansoni 1 
Geodia cydonium
Human Gamma
Cow Gamma
Rat Gamma
Mouse Gamma
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C. elegans 1 
C. elegans 2 
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Entamoeba histolytica 1 
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Schistosoma japonicum Epsilon
Schistosoma mansoni Epsilon 2 
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Candida albicans
BMH1 Baker’s Yeast
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Emericella nidulans ArtA
Trichoderma harzianum
Hypocrea jeocorina 2 
Schizophyllum commune
Lentinula edodes
RA24 Fis. Yeast
RA25 Fis. Yeast
Chlamydomonas reinhardtii 1433 Like
Triticum aestivum TaWIN2
Tobacco Protein G 
Vigna angularis B 
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Tobacco Protein D 
Tomato Protein 1 
Potato 35G
Arabidopsis thaliana GF14 Kappa
Arabidopsis thaliana GF14 Lambda
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Populus x canescens 261AA
Vigna angularis A 
Pisum sativum 1433like 260AA
Oenothera elata
Vicia faba Protein A 
Cucurbita pepo 32kDa endonuclease
Brassica napus GF14 Omega
Arabidopsis thaliana GF14 Omega
Arabidopsis thaliana GF14 Phi
Arabidopsis thaliana GF14 Chi
Helianthus annuus
Tobacco Protein F 
Tomato Protein 6 
Potato 16R
Tomato SP shoot & flower reg
Tobacco Protein A 
Tomato SIG5
Tomato Protein 5 
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Tobacco Protein B 
Tomato Protein 2 
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Tobacco Protein C 
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Potato Leaf Specific
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Mesembryanthemum crystallinum
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Arabidopsis thaliana GF14 Psi
Arabidopsis thaliana GF14 Nu
Arabidopsis thaliana GF14 Upsilon
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Figure 3
The crystal structure of 14-3-3s. The model shown is derived from the
human 14-3-3 � isoform (PDB1QJB [22]) and is shown from (a) the top and
(b) one side as visualized by the 3Dmol software found in the Vector NTI
7.0 Suite. Helix numbers are denoted from H1 near the amino terminus to
H9 near the carboxyl terminus. Red and blue areas correspond to residues
of 100% identity and high conservation, respectively, and correspond to
colors on the alignment (Figure 1). Yellow areas correspond to regions of
reduced similarity and green areas indicate the nuclear export signal [22]. 
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Table 1

Genetic, cellular and functional information on Arabidopsis 14-3-3s

Gene name Isoform Locus* Cellular localization† Tissue distribution Gene accession number [37]

GRF1 Chi (
) At4g09000 N Pollen, stigma papillar cells U09377

GRF2 Omega (�) At1g78300 ? ? U09376

GRF3 Psi (�) At5g38480 ? Stems, leaves, flowers U09375

GRF4 Phi (�) At1g35160 Nm, Pm, Ct ? AF001414

GRF5 Upsilon (
) At5g16050 Nm, Pm, Ct ? AF001415

GRF6 Lambda (�) At5g10450 N, Pm, Ct Stems, leaves, flowers AF145298

GRF7 Nu (	) At3g02520 Nm, Pm, Ct ? AF145299

GRF8 Kappa (�) At5g65430 N, Pm/Cw, Ct ? AF145300

GRF9 Mu (�) At2g42590 Sg Leaves AF145301

GRF10 Epsilon (�) At1g22300 Ne, Pm, Ct, Sg Leaves AF145302

GRF11 Omicron (�) At1g34760 ? Stems, roots, flowers AF323920

GRF12 Iota (�) At1g26480 ? Flowers AF335544

GRF13 Pi (�) At1g78220 ? ? AAF18556.1 

*The number after ‘At’ denotes the chromosome. †N, nucleus; Nm, nuclear membrane; Pm, plasma membrane; Ct, cytoplasm; Cw, cell wall;  Sg, leaf
starch grain; Ne, nuclear envelope [7,14,30]. For further information on 14-3-3s, please see the Ferl lab website [38].
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