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Chaperonins Facilitate KNOTTED1
Cell-to-Cell Trafficking and Stem
Cell Function
Xianfeng Morgan Xu, Jing Wang, Zhenyu Xuan,* Alexander Goldshmidt, Philippa G. M. Borrill,†
Nisha Hariharan,‡ Jae Yean Kim,§ David Jackson�

Cell-to-cell communication in plants includes the selective trafficking of transcription factors and
other signals through plasmodesmata. The KNOTTED1 (KN1) homeobox (KNOX) family transcription
factors, which use this pathway, are essential for stem cell establishment and/or maintenance. Here
we show that KN1 trafficking requires the chaperonin complex, which belongs to a group of cytosolic
chaperones that fold specific substrate proteins. Genetic and physical interaction data show a
functional relevance for chaperonins in KNOX family-dependent stem cell maintenance. Furthermore,
tissue-specific complementation assays indicate a mechanistic basis for chaperonin function during
the posttranslocational refolding process. Our study shows that chaperonins are essential for the
cell-to-cell trafficking of a subset of mobile transcription factors and demonstrates the importance of
chaperonin-dependent protein trafficking for plant stem cell function.

Cell-to-cell communication plays critical
roles in specifying cell fate and coordi-
nating development in all multicellu-

lar organisms. One way in which plant cells
communicate is by the selective trafficking of
transcription factors and other signals through
plasmodesmata (PD), channels that traverse the
cell wall and connect neighboring cells (1–5).
The KNOTTED1 (KN1) homeodomain transcrip-

tion factor was the first plant protein found to
traffic selectively through PD. Subsequent dis-
coveries identified a growing array of mobile
signaling factors, including transcriptional reg-
ulators and small RNAs (3, 4, 6–8). Despite our
increasing recognition of the importance of this
pathway for transmitting signals between cells,
the molecular factors that contribute to selec-
tive trafficking are largely unknown. Here, we

identify chaperonins as essential for the cell-
to-cell trafficking of transcription factors and
demonstrate that chaperonin-dependent pro-
tein trafficking is required for plant stem cell
function.

Previously, we established a trichome res-
cue system in Arabidopsis to follow KN1 cell-
to-cell trafficking in vivo (9). This system
relies on the observation that maize KN1 can
functionally replace its Arabidopsis homolog
SHOOTMERISTEMLESS (STM ), and STM pro-
tein has also been shown to traffic (9, 10). Tri-
chomes are leaf hairs that develop from the
epidermis, and require the cell-autonomous activ-
ity of a MYB transcription factor, GLABROUS1
(GL1) (11). In our system, trichome development
is rescued in the gl1 mutant by expressing a GL1
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Fig. 1. Identification of a chaperonin, CCT8, essential for KN1 trafficking. (A and
B) The starting line for mutagenesis (A) (gl1; pRbcS::GFP~GL1~KN1C) showing
trichome rescue (arrowhead), whereas the 25-277 mutant (B) lost trichome rescue
(arrows) and had upwardly curled leaves (asterisk). (C and D) Scanning electron
microscopic images of leaf epidermis from the starting line (C) or mutant (D).
(E and F) Confocal image of a leaf cross section from the starting line (E) shows
accumulation of GFP~GL1~KN1C in both the mesophyll and the epidermis,
whereas the 25-177 mutant (F) has normal accumulation of GFP~GL1~KN1C in
the mesophyll but a severe reduction in the epidermis. Dashed lines denote the
epidermis; arrows point to nuclei with fusion protein. Chlorophyll autofluorescence
is shown in red. Corresponding genotypes are marked in each image. (G) Western

blotting shows a similar expression of the pRbcS::GFP~GL1~KN1C transgene in
both the starting line (control) and the 25-177 mutant. Ponceau staining was used
as the loading control. (H) CCT8 gene structure, showing different mutant alleles.
Black bars indicate exons; lines and gray bars represent introns and untranslated
regions, respectively. T-DNA insertions are shown as open triangles. (I) Control
experiments: (1) Mesophyll-expressed GL1~KN1C could rescue trichomes in gl1
but failed to rescue in gl1; cct8-1. (2) Expression of the GFP~GL1~KN1C fusion in
the gl1; cct8-1 epidermis was sufficient to rescue trichomes. Trichome rescue
efficiency was scored as the percentage of T1 transformants (n > 40) with trichome
rescue. (J) A pfd6-1; gl1; pRbcS::GFP~GL1~KN1C plant showing normal trichome
rescue. Scale bars: 0.5 cm (A and B), 400 mm (C and D), 25 mm (E and F).
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