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Variation in the carbon isotope composition of CO, derived from plant

autotrophic respiration
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Abstract; Stable carbon isotopes have become an important tool to advance our understanding of carbon cycle processes.
The carbon isotope signature of plant-respired CO, (8"C,) is widely used for disentangling key physiological processes,
carbon allocation, and responses to changing environmental conditions. In this review, we summarize short—term dynamics
of 8" C,. Plant organs differ in both their 8" C, values and the magnitude of their diel variation; leaf > root > trunk and
stem. Plant functional types differ in the magnitude of the diurnal shift in 8" C . The correlation between the diel variation
of 8"C,, and the isotopic signature of the substrate is not consistent across various studies. The isotopic signature of respired
CO, is determined by the isotope effects of photosynthetic carbon assimilation, respiratory substrate availability, the
utilization of respiratory intermediates, and respiratory enzymes in connection with different carbon metabolic pathways,
light enhanced dark respiration ( LEDR), species-specific genetic characteristics, and changes in environmental factors.
Despite recent advances in the understanding of the potential mechanisms driving short—term variation in plant 8°C, , more
research is required to unravel the underlying respiratory metabolic mechanisms. Stable isotope techniques have been
employed in various ecological and environmental studies in China. However, not much work has been done in the field of
plant 8"°C, and its physiological mechanisms. We hope this review will strength our understanding of the recent advances in

plant 8" C, research and promote the progress of in-depth research on plant respiratory metabolism in China.
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http ; //www.ecologica.cn



4 A E = 38 &

1 2% AR HEAL IR ST RS . R R b T IS4 I (aldolase ) [FE 200 OS2 A5 ek TR C I EE R T
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HPIZEE R B R AR BRI, PR Y B A B R, TR R AR,
AR AR TR AN [R) 07 i P IRES ) 8 C L Je e F AR AU R B A7 AF 22 57, AT 52 ) A 42 25 R I I B O,
1) 8" C [l B H AR R B
2.2 WRMERRIEA 2R A

T AE P TR A g R rh 40 22D B A ) 2R R ] R BOAS [R] A B 42 P I R Y CO, R 2R
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Table 1 Intramolecular carbon isotope distribution in glucose(3'*C values are deviations from the mean 8'>C of the whole molecule)

53F C atom C-1 C-2 C-3 C-4 C-5 C-6
F KA % B Maize Glucose 0.9 -0.1 -0.7 52 -0.1 -4.8
FHE 4% Sugar Beet Glucose -1.3 -0.9 1.9 6.3 -1.1 -4.9

C- 1 AR P8 — LR IFF , C- 2 A M 43 38 TR S5 ], B K IR T Rossmann )
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VAR , 76 R A e B =0 ( PDH) 7E R B IUE &2 C 1Y CO,. & IR C 2RI 1 1) S TR A T A (Acetyl
CoA) BE AT LAFE AFFRERRAGER , 250t IR IR VE T , 2077 4= ATP (adenosine triphosphate ) , SR DL FH T4 ik 2k
RETF=9 . YPTH CBEEG A YT IERAE R, B CO, M C = B 5 I 4 b — 2 2434 £
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PR R A A I P e 3 et 8 3 1A AP A R AV B 1) Bt e 54 , 350 fefT 8 C Y 728 A T 4 o i b A= 4 g 2
AW = f0 M BES RE ( Oxalis triangularis A. St-Hil. ) B9 AE AT 21 FOAT 162 B2 A6 P18 OR 45105 0 375 1, DAL ok
3" C 1Y HARL IR AT (K 1)
2.2.2 PEPCase XHEYEEL CO, M THIE E

PEPCase REMS ALY A N ITF I BE L CO, A9 1 22 ( CO, refixation ) , % 2 T2 11 Fifi lk [ 437 28 H4 3 640 1 ( 5.
T%0) " SR ARG A 4L ST BT COL B (R R LA R, T A M 28 B TP 77 7E PEPCase”™™
AIRIERE PEPCase BIGPEM 225 2 FBURM RIF R AME L AF7E 2255 T PEPCase RY/E 1542 B 1%
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Fig.1 Major expected fluxes of respiratory substrates explaining 8 C of dark-respired CO, depending on the respiratory energy demand
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SCRESR A i ARG S5 S, W A 1V PR AR B3 A AP SRR o0 i, B & ° C 1Y C-4, S BT IR BT CO, 1Y
e [l 37 22 20 Bl 2, LEDR WIBERS 380N AE AR S50 NN BRAE LR W R H VR e SR 29 90 404, 3%
ST I A R GNP IR CO, IR AR o BRI SR FH 2 S USSR M40 I e I W e 9 A o 5%
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2.4 FREERZE XY 87 C AR L i R
PR R K eSS A 8" C ML AL IR . DeNiro F1 Epstein®™ AR5 & BLA )R 19 25 1k 25 1 5 5%
M WP it P 35 4 508 P C/ P C AR R 8 C R AR ARk, B I R IR BE T T, PR JES ) FR Rl K AL B
BRI (P C AL SEGEYM F T CO, 19 87 C (HHRLE TR . Schnyder I Lattanzi'® BFIRF5Y th 3
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) 87 CAH (-21.7%0, —24.9%0) ¥4 15 FAE K AE LRI 5 1 Y 87 C A (15C/14°C, FI R/ W) (-22.8%o0, -
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255, COAYIE L (P/P,) KA, R RN B2 P/ P, R AR T FAR , R EHE I 172 ¢ A9 TRlk , PR I R 40 e i
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R 5 S W LA A [ e o G R Al ) 7 3 2L 108 A 34 B vk R S58 A8 Ak A i 7 o B 1 ) 467 3R BT ik
% (Isotope Ratio Mass Spectrometer, TRMS ) J2 il % #2472 15 PP W L CO, Bk [ o7 28 2H R 1A 3 0 i i, BT
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B, TG IROGRE: (Laser Absorption Spectroscopy, LAS) e EY ﬁﬁi%ﬁ’*ﬁ( Compound Specific Isotope
Analysis, CSIA) % #E 4R+ K ( Nuclear Magnetic Resonance, NMR) 402K ¥R & 1 it 1% £ R ( Nano —scale
Secondary Ton Mass Spectrometer, Nano SIMS) HAG PRI | & BUEE SRS o B 38 inmT =5 2 PRS00 0, bt
FUAH DI PR AN FE 4 R L SR AL 1 S o R T B

KT FEAEY SN AR IR B A T8 20058 BN TE RN A BT, ARk B,
WFFEF 0] 563 LT LT AIRSE : (1) ARG PRI 8" C (LN AR 35 A Ak B AR PR (il . i PR 40 e 2 58 )
PN 5 (2) R4 =4 85 C {5 FIR R 8" C 1 L B AR AR R B 23 ROBE A 828 4k (3) AR DR

FEIREE I 8 C B AR Ab S L5 P IARIS Z IS AR 5 (4) AR A= 25 R Gk 7] (o 3% 08 ik L ROk A 25 R eI il
3V C TR,

WFFEHEY) 85 C A B TIRATEEAF My T AR R B U 8l , LA S AR 5 A S R GE B . FLAT, IR Bs
CAEZ KT 3V C R AR (B3R [5G T M5 T BB 5 e A 4l , L8 i A SOt [ 9 O THAE )
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