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INTRODUCTION

Plant fatty acids (FAs) and lipids have essential

functions in storing energy and act as structural

components for cell membranes and signaling

molecules for plant growth and stress responses.

Acyl Carrier Proteins (ACPs) are small acidic

proteins, which covalently bind the fatty acyl

intermediates during the elongation of FAs. The

Arabidopsis thaliana ACP family has 8 members.

Through reverse genetic, molecular, and

biochemical approaches, we have discovered that

ACP1 localizes to the chloroplast and limits the

magnitude of pattern triggered immunity (PTI)

against the bacterial pathogen Pseudomonas

syringae pathovar tomato (Pto). The mutant acp1

plants have reduced the levels of linolenic acid

(18:3), which is the main precursor for the

biosynthesis of the phytohormone jasmonic acid

(JA), and a corresponding decrease in the

abundance of JA. Consistent with the known

antagonistic relationship between JA and salicylic

acid (SA), acp1 plants also over-accumulate SA and

display the corresponding shifts in JA- and SA-

regulated transcriptional outputs. The ability of ACP1

to prevent this hormone imbalance likely underlies

its negative impact on PTI in plant defense. Thus,

ACP1 links FA metabolism to stress hormone

homeostasis to be negatively involved in PTI in

Arabidopsis plant defense.

AIM

We aim to investigate the roles of ACP family, such

as the ACP1, in plant defense and interactions with

the destructive bacterial pathogen Pto DC3000,

which will strengthen our understanding of the

functions of ACP1 and other ACP isoforms in plant

immunity and facilitate their applications in

enhancing plant health and yield.

MATERIALS AND METHODS

1. Genetic and molecular screening for homozygous

lines of Arabidopsis;

2. Bacterial pathogen (Pto) infection and disease

rate;

3. Fatty acid extraction and analysis;

RESULTS
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Figure 1. Gene expression and morphological

phenotypes of the acp1 mutants. (a). Relative

gene expression of ACP1 in WT Col-0 and acp1

mutant plants. (* Student’s t-test with p<0.01). (b).

Morphological phenotypes of four-week-old WT Col-

0 and acp1 mutant plants. There was no obviously

visible difference of phenotypes between acp1

mutants and WT plants.

Figure 2. The visualization of subcellular

localization of ACP1 in the transiently

transformed N. benthamiana. The Agrobacterium

tumefaciens strains harboring the ACP1-GFP and

PT(plastid)-mCherry were infiltrated into the N.

benthamiana leaves to facilitate the ACP1-GFP

subcellular localization. The signals were checked 3

days after the Agrobacterium infiltration with the

confocal laser scanning microscopy. The signals of

ACP1-GFP and PT-mCherry were overlapped to the

same localization at the plastids. Scale bar =25 µm.

Figure 3. The responses of WT and acp1 mutant

plants to the bacterial pathogen Pto DC3000

infection. Pto DC3000 was syringe infiltrated at

5×105 CFU/ml into the leaves. The experiment was

repeated three times with similar results. The

diagram shows combined values from three

independent biological replicates. Values are means

± SD. Significant differences between the WT and

acp1 mutants were indicated by the asterisks

determined from the Student’s t-test (p < 0.05).

Figure 4. Levels of Fatty Acids (FAs) in four-week-

old WT Col-0 and acp1 mutant leaves. The fatty

acid levels of WT Col-0 and acp1 mutant leaves were

extracted and analyzed. The C18:3 was significantly

down-regulated in acp1 mutants compared with WT

Col-0. It is known that C18:3 is the main precursor for

JA biosynthesis. The result indicated that acp1

mutants might be defective in JA pathway. (*

Student’s t-test with p<0.05).
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Figure 5. The acp1 mutants accumulated a higher

level of salicylic acid (SA) and lower level of

jasmonic acid (JA) after the pathogen Pto

DC3000 infection. Four-week-old WT and acp1

mutant plants were inoculated with the buffer (10 mM

MgCl2) or Pto DC3000 at 5×105 CFU/ml by the leaf

infiltration. Leaf samples were collected for the

quantification of free JA (a) and JA-Ile/Leu (JA-

isoleucine/leucine) (b), free SA (c), and SAG (SA-

glycoside) (d) at 48 hours post-inoculation. Values

are the mean +/- SD. Different letters a-d within

figure (a-d) indicate the significant differences at p <

0.05, which was calculated by one-way analysis of

variance (ANOVA) using SPSS ver. 21.
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Figure 6. The acp1 mutants showed the

enhanced H2O2 accumulation upon the MAMP

flg22 treatment or Pto DC3000 inoculation. (a).

The real-time chemiluminescence of H2O2 burst

curve upon the 100 nM flg22 induction or water

treatment. Results shown (mean +/- SE) (n=5) are

from one of the two independent replicates with

consistent results. (b). WT Col-0 and acp1 mutant

plants were sprayed with Pto DC3000 (107 CFU/ml)

or with buffer (10 mM MgCl2) as the control. The

H2O2 production was visualized by the 3,3-

diaminobenzidine tetrahydrochloride (DAB) staining

at 48 hours post inoculation. The brown color

indicated the H2O2 production site.

4. Hormone extraction and analysis;

5. Callose deposition and ROS level test.

Figure 7. The acp1 mutants showed the

enhanced callose deposition in response to the

MAMP treatment and the pathogen Pto infection.

The leaves of acp1 mutants and WT Col-0 plants

were infiltrated with the buffer (10 mM MgCl2), 100

μM flg22, Pto DC3000 and Pto DC3000 hrcC- at 108

CFU/ml. The leaves were stained by 0.01% aniline

blue solution for the callose deposition at 16 hpi. The

number of callose deposition points were quantified

by Image J software. Shown are the mean +/- SD (n

= 3). (* Student’s t-test with p<0.05).

CONCLUSIONS AND DISCUSSION

ACP1 is a negative regulator of plant immunity

against the destructive bacterium Pto. The plastid-

localized ACP1, either directly or indirectly regulates

the accumulation of C18:3 FA. Our findings highlight a

role of ACP1 that does not appear to strongly

influence the general FA biosynthesis, but rather

might be specifically linked to the plant defense-

associated hormones JA and SA. The enhanced SA

level, ROS levels, and the callose deposition may

contribute to the resistance of acp1 mutant. ACP1

may also function together with other proteins and

defense pathways for the plant disease resistance

against pathogen infection. The related study needs

to be further investigated to help us better understand

the detailed function of this very critical gene.
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