In optimization of photosynthetic reactions
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Introduction The DnaJ proteins provide stability for the PSII

 Dnad proteins, also called J-domain proteins, function as molecular protein complexes
co-chaperones of Hsp70 and play an important role in protein folding,

unfolding, and assembly under both normal and stress conditions. A . * The amount of PSIl supercomplexes and dimers was lowered
e in the dnaJ mutants, especially inj77 and 20, after
e Three Dnad proteins, At1g80920, At4g36040 and At4g13830, or e SESSSRRE 6h HL illumination (Figure 4).
AtJ8, AtJ11 and AtJ20, are small chloroplast-targeted DnaJ proteins e | |
in Arabidopsis with predicted molecular masses of 18.3-, 17.8- and * As the total amount of PSIl was not lowered, it can be
23.4-kD, respectively. They belong to the simplest group of the DnaJ s morees [ S W = deduced that the three DnaJ proteins provide stability for the
proteins, characterized by only one specific domain, the J-domain. . gessssew " ollproteincomplexes.

Figure 4. BN-PAGE analysis of thylakoid protein
complexes from WT and the dnaJ mutants.

e To get more insights into the function of these small DnaJ proteins,

the T-DNA insertion knockout mutants for Atd8, Atd11 and AtJ20 .
proteins, hereafter referred to as j8, j11 and j20, respectively, were Knocking out one of the small chloroplast-targeted

isolated and characterised. DnaJ proteins modifies the capacity for dynamic
regulation of chloroplast redox reactions
Characterization of the dnaj mutants . =~ o« . w»| .The dnaJ mutants, particularly j11 and j20,
e e - eaneessd accumulated more phosphorylated thylakoid proteins
%% |- Under standard growth conditions, the dnaj mutants did not o oD SS==S=22) during different short-term illumination conditions
LRIS ||| exhibit significantly different phenotypes compared to wild- , - (Figure 5A).
type (WT) except for slightly stunted growth of the j77 and B on o om0 0 o e | | - | |
j20 mutants (Figure 1). | e seesassses ®* During long-term HL illumination the j77 and ;20
b ol | GftteesteggneeSS |
weae | |* No difference was found in total chlorophyll amount per leaf 1| . o e e D mhuggnﬁzr ll(eeatg[d dtzﬁn Ptﬁlel er?tci)rree trepar?r;eelzts inS(;[iré)ar]c%y
s®-< | area, in chlorophyll a or b contents nor in the Chl a/b ratio s b n e o b n e IFZ)werPed c}ellpacity fora%climation of the thyla,koid redog
: rre w
between the dnaj mutants and the WT (Table 1). 25_2222&25 reactions to prolonged exposure to HL (Figure 5B).
Table 1: Contents of leaf chlorophyll in WT and the dnaJ mutants under standard growth Figure 5: Thylakoid proteir) phqsphorylation (A) after 6 h treatment underdifferent Iight. conc_iitions
light condition (120 umol photons m?s™), means + SD (n = 10). and (B) dgrlng long-term high Ilghttreatmez)nt._11 .0 pg of Chl was loaded forlmrgurloblottlng with the
Figure 1: Images Chlath Gig/ en®)  ChIah Chla g/ o) Cils (g / o) P-Thr antibody. 2GI_1 120 pymol photons m* s~ ; HL-500, 500 uymol photonsm™ s™, HL-1000, 1000
o Al all umol photonsm™s
wild-type (WT) WT 18.80 +£0.91 3.57 £0.05 14.69 +£0.73 4.11 +£0.18
plants and /8, j11
and j20 mutants. Jj8 salk 024617 19.22 £0.61 3.62 £0.05 15.06 £0.46 4.16 +£0.15
I lkoisen lssssod 3sTios  1449s040  406s0n The lack of the small chloroplast-targeted DNAJ
j20 salk 134365  17.95+1.00 3.54 £1.00 13.99 +0.77 3.96 +0.24 proteins triggers a gIObaI Stress res ponse

- . . _—  All the dnaj mutants up-regulated the expression of several
The dna.l mutants are SUSpECth'G to hlgh oy genes encoding ROS-detoxifying enzymes (e.g. Apx6, Cat1,

|ight CSD3, Gpx5) and stress-related transcription factors even

under normal GL conditions to similar extent as the WT plants
e Photochemical efficiency of photosystem |l (PSIl) (F /F,_ ratio) was not

exposed to HL (Figure 6). Thus, the gene expression profiles of
different between the WT and the dnaj mutants under growth light

— the dnadJ mutants under GL conditions resembled to those
(GL) conditions, whereas it decreased somewhat more drastically in induced upon HL treatmentin WT.

the mutants after exposure _of 6 h to high light (HL), especially in j7117 — WT_j8_j11_j20 - The upregulation of ROS scavenging

andj20as comparedto thatin WT. R "%“‘/\/\Q and antioxidant genes coincided with

o - When plants were returned to GL Fiaure 0 Gene expression profings o . | lower HO, content in the dnaJ

BWT mjg 0j11 0j20 conditions, the PSIl photochemical WT. Genes, whose expression showed e mutants than in WT, both at GL and HL

0,85 -+ o ) more than a two-fold change, are shown | X (= ”r . ”

e I [ efficiency recovered quickly and no Gty Gkt grec diovis > conditions (Figure 7). In addition, the
£ 075 | differences were found between the equisied plack missngvale) G contents of several antioxidant
" o0 | T dnaj mutantsand WT. oure 7 Histocherical dection of  PYO1EINS were  higher in the dna

: H,0, with DAB staining after 6 h mutants (data not shown).
0.65 7 Figure 2: PSII photochemical efficiency of the dnaJ mutants. The incubation of leaves under GL and HL.
0.60 values are means £ SD (n = 10) of ten independent experiments.
after GL, th light (120 | phot #s™); HL, high light (1000 . . . .
. T neteteren  molphotonsmis). o O * These results strongly indicate that a global stress response has been triggered in

the dnaJ mutants even in the absence of external stress.

The dnaj mutants possess lower CO, Conclusions and future plans

aSS|m|Iatlon capaCIty as compared to WT e |t is conceivable that the tolerance of the dnad mutants to oxidative stress results

from an unbalance of the redox reactions in chloroplasts, thereby modifying the
chloroplast retrograde signaling mechanisms and inducing the up- or down-
regulation of stress responsive genes in the nucleus.

 To analyse whether the DnaJ proteins are involved in acquiring the
maximal COZ2 fixation capacity, we measured both the light response
and COZ2 response curves of the dnaJd mutants and WT.

RSty 28 | " All'three dngj mutants suffered from limitation - As a whole, it can be concluded the tolerance of the dnaJ mutant plants to oxidative
Ll of the in vivo photosynthesis. stress occurs at the expense of the flexibility of photosynthetic reactions.
i mllinT e The A-Ci curves confirmed that particularly the | | | |

... | activity of Rubisco is compromised in the dnaJ  Further studies with double and triple mutants are expected to provide stronger

/ 2 2 /= mutants. phenotypes and also to give deeper insights into the functions of the AtJ8, AtJ11 and

JHFONRTAR VA PO | | AtJ20 proteins.

b .. e Moreover, the amount of Rubisco Activase was _ _ - | _ _
WS Beaw - lower in the mutants, suggesting that the three o | will also study the protein-protein interactions and search for the interaction
ceneSsae - small chloroplast DnaJ proteins could be partners for the DNAJ proteins. In addition, to achieve holistic information
Seas seaw - involved in the folding, unfolding, or assembly concerning the adaptive flexibility of the photosynthetic machinery, | will assess the

Figure 3: A, Light response . ’ ’ _ i i _ 1 1 f

curves; B, CO, response curves; Processes of this enzyme and thus partICIpate Importance of the DNAJ prOtelnS and IndlreCtIy’ the Importance of the

C.AClouves D Inmunobiot iy regulation of Rubisco activity. photosynthetic processes in which they are functioning - by studying the fitness of

Rubisco large (LU) and small the dnaj mutant plants in field conditions at the University of Umea, Sweden.

subunit (SU) (mean £ SD, n=3).
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