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The relationship between chlorophyll metabolism and ultraweak lumines-

cence of leaves under salt stress in Cerasus humilis

SUN Cong, GUO Jinli’

(College of Horticulture and Plant Protection, Inner Mongolia Agricultural University, Hohhot 010010, Inner Mongolia, China)
Abstract: [Objective] Ultraweak luminescence (UWL) is a natural luminescence phenomenon in all
living organisms. However, the understanding of the mechanism of luminescence is still limited. In or-
der to analyze the excitation mechanism of UWL in plants, this study investigated the changes in UWL
intensity, chlorophyll metabolism, and chlorophyll content in leaves of Cerasus humilis under salt
stress, and carried out correlation analysis. The purpose was to reveal the relationship between plant
physiological status and UWL, with focus on chlorophyll metabolism so as to provide understandings
related to physiology of UWL emission in plants. [Methods] The potted seedlings of biennial C. humi-
lis were taken as the materials in this study. The seedlings were subjected to mild and severe stress treat-
ments with 400 mmol- L™ and 800 mmol- L' NaCl, respectively. Each potted seedling was irrigated with
400 mL of salt solution at different concentrations, and irrigation with the same amount of water was
taken as the control. The UWL intensity, main precursor substances of chlorophyll (ALA, PBG, Urolll,
CoplIl, ProtoIX, Mg-protolX, and Pchl), main chlorophyll synthetases (ALAD and MgCH), enzymes re-
lated to chlorophyll degradation, and chlorophyll contents (Chla, Chlb, and Chla+b) in the leaves of C.
humilis were measured every 2 days. The correlation between the indexes of chlorophyll metabolism
and UWL was analyzed. About 10-20 mature leaves were selected from the base of the branches for

measurement of the UWL intensity using an UWL test system (BPCL-2-SH, Beijing). Take 5 leaves
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from each treatment, and take samples from the top, middle, and bottom three parts of each leaf to mea-
sure UWL. Then, take a sufficient amount of leaves that were washed with distilled water and dried. Af-
ter removal of the main leaf veins, they were quickly frozen with liquid nitrogen and stored at —80 °C to
measure chlorophyll metabolism and contents. The tests were repeated three times, each with three bio-
logical repeats. [Results] (1) With the extension of stress time, the UWL intensity of C. humilis leaves
under different levels of salt stress showed a decreasing trend, which was 40.80% and 83.26% lower in
mild and severe stresses than that before the stress, respectively. During the whole stress period, UWL
in severe stress treatment decreased more rapidly compared with that in the mild stress treatment, and at
the end of the experiment, it decreased by 35.93% and 81.88%, compared with the control respectively.
(2) With the extension of stress time, the contents of seven chlorophyll synthesis precursors (ALA,
PBG, Uro III, Cop III, Proto IX, Mg-proto IX, and Pchl) in C. humilis leaves under different salt stress
treatments showed a decreasing trend. Among them, Cop III decreased fastest under mild stress with a
reduction of 57.97% compared with that before stress, and Pchl decreased fastest under severe stress
with a reduction of 67.17% compared with that before stress. The contents of the main synthetase
(ALAD and MgCH) and the degrading enzymes chlorophyllase (Chlase) showed an increasing trend.
Under mild and severe stress treatments, ALAD increased the fastest and was 1.59 times and 1.27 times
higher than before stress, respectively. Chlorophyll (Chla, Chlb, and Chla+b) contents showed a decreas-
ing trend, among which Chlb decreased fastest under mild stress with a reduction of 39.47% compared
with that before stress, and Chla decreased fastest under severe stress with a reduction of 76.66%. At
the same time, the severe stress led to greater changes in chlorophyll metabolism indicators than mild
stress. (3) Correlation analysis showed that under the two salt stress treatments, the UWL intensity of
leaves was significantly positively correlated with the contents of chlorophylls and their precursors, and
was significantly negatively correlated with the content of chlorophyll metabolism enzymes. Under
mild stress, the intensity of UWL was significantly positively correlated with the chlorophyll precur-
sors, ALA, PBG, and Mg-proto IX, as well as Chla and Chla+b, but significantly negatively correlated
with metabolism-related enzymes, ALAD and Chlase. Under severe stress, UWL intensity was signifi-
cantly positively correlated with chlorophyll precursor PBG, Uro III, and Cop III, as well as Chla, Chlb
and Chla+b, but negatively correlated with metabolic enzyme Chlase. [Conclusion] Salt stress blocked
the chlorophyll synthesis process of leaves in C. humilis, enhanced the degradation enzymes, and de-
creased the chlorophyll content. The UWL intensity decreased with the decrease in chlorophyll synthe-
sis precursors, chlorophyll enzyme activity, and chlorophyll content. The above changes in chlorophyll
metabolism may lead to changes in leaf UWL intensity. Therefore, the UWL of leaves in C. humilis is
closely related to chlorophyll metabolism. Salt stress led to the decrease in UWL emission, and the de-
crease becomes faster under more severe salt stresses.
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Table 1 The correlation analysis between chlorophyll

metabolism and UWL in leaves of C. humilis under salt

stress
e MEREARH UWLIH Uﬂﬁﬁ *Ea‘é%:%_’ﬂsz
Treatment Chlorophyll- UWL. regression Correlgtlon i
metabolism equation coefficient R
Xt B ALA y=3E-05x + 0.206 5 0.049 1
Control  ppG y=4E-05x + 0.182 0 0.685 0*
Urolll y=-3E-06x+0.0406  0.0952
CopllI y=-4E-07x+0.0042  0.168 8
ProtoIX y=0.0033x+31.4290  0.059 6
Mg-protoIX  y=0.000 6x+24.7290  0.013 6
Pchl y=-0.000 7x+23.8580  0.020 7
ALAD 3 =3E-05x + 0.053 6 0.2106
MgCH y=0.0004x+0.3329  0.699 2*
Chlase y=1.5551x+43603 02005
Chla y=-0.0003x+2.5395  0.1274
Chlb y=-0.0003x+1.2918  4.16E-01
Chla+b y=-0.000 6x+3.8313 03508
BREE ALA y=9E-05x + 0.081 1 0.890 8**
e PBG y=6E-05x+0.134 1 0.897 0%+
15\:[:;‘:5 Urolll y=4E-06x+0.0205  0.720 7*
Coplll y=2E-06x - 0.001 6 0.743 2%
ProtolX y=0.004 5x+15.5430  0.508 7
Mg-protoIX  »=0.008 9x +20.0390  0.819 5%*
Pchl y=0.002 4x + 16.796 0.478 1
ALAD y=-0.0002x +0.6032  0.926 5%*
MgCH y=-0.0003x+2.0465  0.743 1*
Chlase y=-3719 1x+16198  0.869 7**
Chla y=0.0004x+0.6547  0.82] 2%*
Chlb y=0.0002x+0.1127  0.647*
Chla+b y=0.000 6x+0.7674  0.790 5%*
WA ALA y=5E-05x+0.177 0 0.566 6
Jie PBG y=2E-05x+0.218 3 0.866 1+*
Severe  yrom y=3E-06x +0.023 7 0.861 8**
stress CopllI y="7E-07x + 0.001 2 0.847 5%*
ProtoIX 3=0.0064x+ 123680  0.707 4*
Mg-protolX  y=0.010 8x+18.676 0  0.761 2*
Pchl y=0.0052x+102820  0.643 8*
ALAD y=-6E-05x +0.316 3 0.685 6*
MgCH y=-0.000 3x + 1.878 0.674 1*
Chlase y=-13942x+ 11040  0.825 8**
Chla »=0.0005x+0.5832  0.755 6*
Chlb y=0.0001x+0.2254  0.613 8*
Chla+b 3=0.000 6x+0.8086  0.735 4*

Ty A UWL SREE sx AR 7 f“s+" 3 5l RIRAE p<0.05
I p<0.01 7K1 AH I 1 2 25 ARG 6 35 < R°=0.8 A BEAH 2%, 0.5<
R*<0.8 N RIS, 0.3<R*<0.5 MLJEAH I, R*<0.3 FRIEAA
A

Note: y means UWL intensity; x for each indicator,

e

indicates sig-
nificant correlation at the p<<0.05 level, and “**” indicates extremely
significant correlation at the p<<0.01 level; R*=0.8 is highly correlated,
0.5<R’<<0.8 is moderately correlated, 0.3<R*<<0.5 is low correlation,

and R*<<0.3 means substantially irrelevant.
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Folp 38 T BRI R ) UWL 5 B 3541 T R e b 2
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N T 3% B W B E i o FECUWL 5 5 R % i
B AR B E UWL g 52 T B B2 OK , UWL 9 5 R
% s AR 52 3] (R 300 45 Jp L PR R

2 2 SR RN 3¢ (Brassica rapa var. gla-
bra RegeD AR AN SRR 1) UWL #E4T 1 W 5%, Jk B
ZRAR B UWL A BE 1] 5t 3 R T 0 #2100 B i 2
TP UWL B 5 Y06 A 2 oG &1 i i
K. HBAA SHYOGEE R R R e R 34 5%
I IR AR IR . W2 A 2R AR A L A
(1) SR B 2 AT OB H Oy B ER, 7K FH A Y R R I A AN
&3 I SR Re A2y FRE IR RE
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52 F i (Solanum lycopersicum LOW 4R R & & 1
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LR S PRI ER 5y & S B AR 1R B A P4 o
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4 & R (Glu) > ALA—PBG—Urolll—CopIll—Prot
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B, Chlase 52 M 2% 3K B (1 S BE I , (1 4L Chla #%
1604 Chlidea, HIEIFJR T 020 2 1 B AR - B i i
SEPIBIE AT R I AR P E T SRR A BO& 12 ALA
FMg-Proto IXHIFR R & W% FF+,PBG. Urogen III.
CoprogenlII . Proto IXMpe.Mpde- Pchlide [ & &=
K545, #EI ALA 17 PBG %% 1€ & Mg-Proto IX
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