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Abstract

Intramolecular carbon isotopic analysis of biosynthetic products has potential to improve our knowledge on

organic material cycles in a variety of environments. Glucose is one of the most important starting materials for

biosynthetic products and its intramolecular carbon isotope distribution is essential information to understand car-

bon isotopic composition of biosynthetic products. Characteristics of intramolecular carbon isotope distribution in

glucose from plant material and ethanol fermented from glucose are reviewed. At the moment the characteristic of

intramolecular carbon isotope distribution in glucose have not been generalized. We need systematic investigation

of intramolecular carbon isotope distribution in glucose and its descendents. GC-IRMS and *C-NMR are promising

techniques for intramolecular carbon isotopic measurement for biosynthetic products.
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Fig. 1. Biosynthetic precursors for individual positions
in caffeine and intramolecular carbon isotope dis-
tribution determined for natural plant tea leaves
(adapted from Weilacher et al., 1996).

VI — ZWHKONHERSFD5F LV 6°C il
BLOG TN 6BC fliss#iw 7V 3 — XA OIERKE
%53 F N 6BC il A & AR IR ) AL ARE) R
E DMK DT TR 2B L 72,

HARAE BT O JER AT 72 551 6°C E 5545
EHAT 700 HAmAREEL LD L LA
T DAL, 1985 412 Galimov 12 & » T &
N7zbDTHorz. Wi, FAEGTHE (74
bR~ —) ECEHE S NS BRI SRR EL (B
%) LB S L5 5N 6BC A O R IR
Wb END, 5FHN6PC DA L FEARIC
B EMAAREE TR SN TB Y, R
WAL D RS RO ZEIZ OB H» 5 D
WEZALLZRNGZERTH S & FERL T
% (Galimov, 1985, 2006), L 2> L7255, HIET
1, HEWEOSFW 6°C A & ACHRRFE IRk
I AR RN 2, REEROFRGE T — L &
BRI T T v 7 ADKE Eh b EAREHEST-
Do FMNOCHGAT % FHHT 5 2 &5 — KN TH
% (f5] 21X, Monson and Hayes, 1982; Schmidt et al.,
1995)

KEGTIE, EERERD T OS5I 6°C 5554
" HEZ B TR B LAY — R YT
HbHTINVa—R, ZLTTNVa— ARFEO HAE
WY THDHITY /) —IVD5THNPCHEGAIZ DN
T, BN TV RIMA LML, F2nb
2B L CTor N 0RC oA AL O BLIK & # 85
5L, BRHEMLFIC BT A RERS T
DoFHN CC AT OB L REZ B D,

2 KAK—REENY VA~ ZDHFH I CEN

T ONE W —REY TH 5 73— A, %
' (CO, X HCO™) 124 L THHAFIIZ BC R 2T
HY, F7-CRURFEREE & Cy B FE R D
EWIZE) BCREZOBENSRE LD Z LITR M
LNTWwaE2, ZoOMME FELLTELHD
J 3% [l 52 B 3% (RUBISCO (Cs &%) & PEPC (C,
FERE)) BOBAZPE D B AR K) R O FREE D sE
B I OREREEDENTH S (Farquhar et al.,
1982), COREERILEEL AN Y VR A L
T, EESNIZKENTFICPEREENDD
T, REREEREENOPHAERWIE 7 Vv a—2%



A B E O 53 F W R RN AR A G Al O A IR L2 A R 5%

&G, ME 5 TW PCIEG A x Fio L& 2
S5NTWwW/z, LA L7%&AYS, Rossmannetal. (1991
E) OFHINC X o T, WAERR (G REE) 22
O—AHKBIO by EOD Y (CGRE) 707
YHERD TV 3 — AN IERCET I 72 5T SBC Al A3
HiwdFoL W) 2T ENILHTHL M SN,
ZOHRLIESLC ZOREDPBRH I NS Z LD %
Do 7275, 2009 412 Gilbert et al. |2 X o CTHbHEA
(G A7 -2, g (CRE) 77
YBIONTEUaY (CRREE) T 7 U HED
73— 2O IERRE 5T BC B S A DERR
N72e Fig 21270V 3 — AD K RFEIALD 653C il
D5 Tk SPCEICRTT 2 72 (AS) OHLE %
TR o BRI TN OBCAES AR % s L 72 1F%e
(Ivlev et al., 1987, Gleixneretal., 1993) X 7" )L 2 —
A HUR D FEFEE B 0 0BC A & MM IERERT
GARERR LRI D H DA, SV aT—AD
C-1 53700 5 C-6 HA7 F T2 @B FH L 72611
FRE2HOATH B,

Rossmann et al. (%, 27V 32— A5+ 6°C %5
MOFBE LT, (1) Gl & Co kg, BEDER
SRE (A0 —AnT v 7 rir) LITERRIC,
GrF AR oPC il & i LT C-3 HF i & C-4 3L
T BCEMHTHY, C6FMLTIZPCREZTH D
Z &, EIRfEL 7z, Gilbertetal (X, 5 OfEFEA
Rossmann et al. |2 £ o THES L7255 H & A s Fl
HThDHI LMz, 2R CHEETHELZ
B, T TUVHREIINV IR TAZ O—

- -® - -maize starch (Rossmann)
- -8- - sugar beet sucrose (Rossmann) 1 CHO
—e— maize starch (Gilbert)
—o&— wheat starch (Gilbert) ‘
—=&— sugar beet sucrose (Gilbert) 2
b ?HOH
I3 R
4 A\ 3CHOH
7 1N ‘
7 o N 4
L= . CHOH
< ., h \\”q |
OST 5
¥ S ?HOH
-6
R e e 6CH,0H
C1 C2 C3 C4 C5 C-6
Carbon Position glucose

Fig. 2. Relative intramolecular carbon isotope distribution
in glucose from C; and C, plants (adapted from
Rossmann et al., 1991 and Gilbert et al., 2009).
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Fig. 3. Metabolic pathways related carbon fixation to glucose production in plant.
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Table 1. Molecular and intramolecular §'*C values measured for ethanol from fermentation of plant materials and those
calculated from intramolecular isotope distribution in glucose

analytical

Sample ovalue (%o) method  literature
"r}sgylﬁi‘llleﬁllim phg;‘{fly\;lfyfﬁc Octhanolbulk Oty Ometnylene Omethyl-methylene
Masurement of ethanol
beet Cs -27.4 -28.2 -26.5 -1.7 NMR Caytan et al., 2007
grape C; -24.8 -26.5 -23.0 -3.5
sugarcane Cy -12.2 -11.4 -13.0 1.6
maize Cy -10.1 -8.4 -11.8 34
synthetic -29.4 -26.0 -32.7 6.7
beet C; -28.0 -28.0 -27.9 -0.1 NMR Thomas et al., 2010
cane (o -12.4 -11.1 -13.8 2.7
maize C, -10.8 -8.0 -13.6 5.6
pineapple CAM -14.4 -21.3 -7.4 -13.9
agave CAM -11.9 -16.5 -7.3 9.2
tapioca C; -27.9 -30.2 -25.6 -4.6 IRMS Hattori, 2011
cane Cy -12.5 -13.4 -11.6 -1.8
maize (o -11.3 -11.2 -11.4 0.2
synthetic -29.7 -27.7 -31.6 39
Calculation from intramolecular 6'*C distribution of glucose measured by Rossmann et al. and Gilbert et al.
sugar beet-sucrose C; -27.3 -28.3 -26.3 2.0 IRMS Rossmann et al., 1991
sugar beet-sucrose (& -27.5 -27.7 -27.3 -0.5 NMR Gilbert et al., 2009
wheat-starch Cs -28.3 -28.9 -27.7 -1.2 NMR Gilbert et al., 2009
maize-starch C, -11.0 -12.2 -9.9 -2.3 IRMS Rossmann et al., 1991
maize-starch Cy -10.3 9.8 -10.7 09 NMR Gilbert et al., 2009
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