Citrus depressa

Studies on Pectins from Fruit of

Shekwasha (Citrus depressa)

2008



2. 1.

2. 2.

2. 2.

2. 2.

2. 2.

2. 2.

2. 2.

2. 2.

2. 2.

..................................... 8
....................................................................................................... 8
.............................................................................. 9
L 9
2. 9
PP PP PP 10
P 13
2.4, L. 13
2.4.2. 13
2. A, 3. 14
2.4, 4. 14
2.4.5. 14
0 15
B, e 15
PP 16



2. 2. B 16

2.2.9.1H- BC-NMR 16
2. 2.00. e 17
2. 2. 10, e 17
2. 2. L. e 19
PR PUPPPPPRR PRI 20
2.3. 10 20
2. 3. . e 21
2.3.2. 1. 21
2. 3. 2. 2. e 21
2.3.2.3 Degree of methoxylation .................... 21
2 TR TP 22
2. B A e 25
2. 3. D e 25
2. 3. B e 29
2. 3. 7. NMR e 32
2.3. 7. LI H-NMR e 32
2. 3. 7. 2. COSY e 36
2. 3. 7. 3. NOESY e 36
2.3. 7. 4. 83C-NMR 40
2. 3. 8. 46



2.3.9.

2.3.10.

2.3.11.

2. . s

e L s

3. 2.

3.2.10.

3. 3.

3.3.1.



G T PP PP RTRRPPPTPPPPN 69
3. 3 A e 69
3. 3L DL e 71
3. 3. B e 71
3.3.7.H- BC-NMR e 75
3. 3L B e 79
G T PP RTRRPPPTTPPPN 79
B . s 83
PP 84
.......................................................................................... 89
............................................................................................... 103



24 28 122 133 400 km 1,000 km

2,000 2,400 mm

1

2)



3)

2)

4)

5) K - 6-8)

9, 10) 11-15)

16, 17)

18, 19)



20)

B -(1-3)-

21-23)

24)

Citrus depressa Shekwasha

25, 26)



26) 40

27)

3cm 4cm

28)

1,141 29)

50

259
1 2
10 12 12
1,000 17
27)
30)
2000
6 300



38)

32)

38)

33-36)

39)

40)

1.4

31)

37)

pH 15 3.0 60 100

0.5



47, 48)

51)

49, 50)

modified citrus pectin MCP

(Dha)

41)
1-4 a -D-
4
L- D-
-5- -L-
(Kdo)  3-
44)
45, 46)
52, 53)



LPS 54)

Citrus tankan

NMR

0.05 M HCI

55-57)

85



2. 1.

1790

Vauquelin

Citrus depressa

58)

200



2. 2.

2.2.1.

2.2.2.

Fig. 1

59

58)

Citrus depressa 2001 1
Pericarp Endocarp
40 24
4
Ralet and Thibault 59)

39 0.05 M HCI 250 ml



5x 20 cm H+*

pH 4.5

Fig. 2

Amberlite 120B

0.5 M NaOH

¢

0.5 M NaOH

Viskase Companies, Inc.

Molecular Weight Cut Off/ MWCO= 14,000

200 mg 0.05 M NaOAc H4.8 50ml
DEAE-Sepharose GE
¢ 2.6x 28cm AcO- 2 ml/min
0.05 M NaOAc H4.8 200 ml
1 M NaOAc H4.8 600 ml
Fig. 2
2.2.3.
250 mg/
50 ml 4 NaOH 0.1 M
4 1 1 1 M HCI
pH 4.5

10



Fig. 1. Photographs of Citrus depressa.



Pericarp and Endocarp

— Stirred in 0.05 M HCl at 85°C for 1 h
— Filtered

Filtrate

— Neutralized with NaOH
— Filtered

Filtrate

— Concentrated

— Added ethanol
Precipitate

— Washed with ethanol
— Dried in vacuo

¥

¥
Dred matenal

— Dissolved in distilled water

— Passed through Amberlite IR-120B
— Neutralized with NaOH

— Dialyzed in distilled water

— Lyophilized

Dried matenal

— Dissolved in 0.05 M NaOAc buffer
— Applied into DEAE-Sepharose

— Washed with 0.05 M NaOAc buffer
— Eluted with 1 M NaOAc buffer
Acid fraction

— Dialyzed in distilled water

— Lyophilized

Pectin

Fig. 2. Extraction procedure of pectins from pencarp and endocarp of C. depressa.
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propionic-2,2,3,3-ds acid, sodium salt TSP 0.00ppm
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Table 1. Chemical components of pectins from pericarp and endocarp of C. depressa.

Yield® Carbohydrates? Uronic acid® Ash®  Moisture®  DMe

Pericarp 2.6 88.0 78.0 4.7 7.2 62.9

Endocarp 4.1 89.3 79.2 4.1 8.8 66.2

8 Fresh weight basis (%)
b Pectin weight basis (%)
¢ Degree of methoxylation



Table 2. Sugar components of pectins from pericarp and endocarp of C. depressa.

D-GalA D-Gal L-Ara L-Rha D-Glc D-Man

Pericam 100 9.20 1.34 1.02 0.88 0.76

Endocarp 100 10.3 1.53 0.94 N.D. N.D.

Relative molar ratio (mol%a)
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Fig. 3. Gel filtration chromatogram of pectin from pericarp of C. depressa.
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4. Gel filtration chromatogram of pectin from endocarp of C. depressa.



Table 3. Specific rotation of pectins from pericarp and endocarp of C. depressa.

Temperature (°C) 10 20 25 30 40 50 60
Pericarp +198°  +176° +149°  +138° +138° +138°  +138&°
Endocarp +204°  +195° +188° +188° +188° +188° +188°

[@], (degree)
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Fig. 6. Infrared spectra of pectin from endocarp of C. depressa, de-esterified peclin
from endocarp of C. depressa, standard pectin and de-esterified standard pectin.
(2) Standard pectin

(1) Pectin from endocarp of C. depressa
(3) De-esterified pectin from endocarp C. depressa (4) De-esterified standard pectin
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Fig. 7. "H-NMR spectra of pectin and de-esterified pectin from pericarp of C. depressa in D,O at 80°C.
(1) Pectin from pericarp of C. depressa (2) De-esterified pectin from pericarp of C. depressa
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Fig. 8. "H-NMR spectra of pectin and de-esterified pectin from endocarp of C. depressa in D,0O at 80°C.
{1} Pectin from endocarp of C. depressa (2) De-esterified pectin from endocarp of C. depressa
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20 2.2 ppm

2.3.7.2.COSY
COSY
1H-NMR Fig. 9, 10

4.5~5.5 ppm

H-1
5.09 ppm H-2 3.76 H-3 397 H-4 442 H-5 4.69
H-1 5.09 ppm H-2
3.76 H-3 3.97 H-4 441 H-5 4.68
H-1 5.08 ppm
H-2 3.76 H-3 396 H-4 442 H-5 471

Table 4
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2.3.7.3. NOESY

NOESY
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Lt

Fig. 9. COSY spectrum of de-esterified pectin from pericarp of C. depressa.
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Fig. 10. COSY spectrum of de-esterified pectin from endocarp of C. depressa.



Table 4. Chemical shifts of 'TH-NMR spectra of de-esterified pectins from pericarp and
endocarp of C. depressa, and de-esterified standard pectin.

'H Chemical shifts (ppm)

) H-1 H-2 H-3 H-4 H-5
De-esterified Galacturonic acid 509 376 3.97 4.42 469

pericarp
De-esteriied  gajacturonicacid 509 376 397 441 468

endocarp

De-esterified — gajacturonicacid 508 376 396 442 471
standard pectin




83, 84)

NOESY D-

H-1 H-4
D_
1-4 Fig. 11, 12
NOESY
a -(1-4)- D-
2.3.7.4.183C-NMR
BC-NMR IH-NMR 80
Fig. 13, 14
56 ppm
85)
173 ppm 177 ppm
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Fig. 11. NOESY spectrum of de-esterified pectin from pericarp of C. depressa.
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Fig. 12. NOESY spectrum of de-esterified pectin from endocarp of C. depressa.
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Fig. 13. *C-NMR spectra of pectin and de-esterified pectin from pericarp of C. depressa in D,O at 80°C.
(1) Pectin from pericarp of C. depressa (2) De-esterified pectin from pericarp of C. depressa
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Fig. 14. "*C-NMR spectra of pectin and de-esterified pectin from endocarp of C. depressa in D,O at 80°C.
(1) Pectin from endocarp of C. depressa (2) De-esterified pectin from endocarp of C. depressa



86) 13C-NMR

13C-NMR
6 6 HMQC
2 NMR
85-88)
D-
D-
GA
G GA-1 102.1 ppm GA-2 71.3 GA-3
718 GA-4 81.1 GA-5 740 GA6 1768 G-1 107.2ppm G-2

750 G-3 763 G4 805 G-5 775 G-6 63.8
GA-1 102.0ppm GA-2 71.3
GA-3 72.0 GA4 811 GA-5 742 GA-6 1774 G-1 107.2 ppm
G-2 749 G-3 763 G-4 805 G5 775 G-6 63.7
BC-NMR

GA-1

101.9 ppm GA-2 71.3 GA-3 719 GA-4 811 GA-5 743 GA-6 177.6
G-1 107.2ppm G-2 749 G-3 763 G-4 805 G5 774 G-6

63.7
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B -(1-4)-

2.3.8.

Table 5

85-88)

a-(1-4)-  D-

D- 90
Powell
89  Thibault 64) Powell
0.5 M HCI 100 3h
Thibault
90)
GalA-GalA GalA-Rha Rha-GalA neutral sugar-neutral sugar
< >
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Ly

Table 5. Chemical shifts of *C-NMR spectra of de-esterified pectins from pericarp and
endocarp of C. depressa, and de-eslerified standard pectin.

3C Chemical shifts (ppm)

C-1 C-2 C-3 C-4 C-5 C-6
De-esterified Galacturonic acid 1021 71.3 71.8 811 740 1768
pericarp alaciose 107.2 750 763 80.5 775 838
De-esterified Galacturonic acid 1020 71.3 720 811 74 .2 177 .4
endocarp Galaciose 107.2 4.9 6.3 80.5 7.5 63.7
De-esterified Galacturonic acid 1019 71.3 71.9 811 74 3 177 6
standard pectin  Galactose 107.2 749 763 80.5 774 8637
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90.8 Table 6
IH-NMR
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1.8x 104 Fig. 16
100
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64)

89.9
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Table 6. Chemical components of homogalacturonans from pericarp and endocarp.

Yield® Total carbohydrate® Uronic acid®
Pericarp 712 909 899
Endocarp 68.2 89.7 90.8

@ Pectin weight basis (%)
» Homogalacturonan weight basis (%)
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Fig. 15. TH-NMR spectra of native pectins (upper) and homogalacturonans (lower)
from pericarp and endocarp of C. depressa in D,O at 85°C.
(1) Pencarp (2) Endocarp
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2 CHsl
Table 7
-6 1-3,6 1-3 1-5
1.2 1-24
3,4 | 1.3 1.6 1
-3,6 I
37.6 1.4
1-4 |
-1

1-.34
|
1-3 1
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Table 7. Methylation analysis of pectins from pericarp and encocarp of C. depressa.

Pericarp Endocarp

Ara  terminalf 2.89 4.39
terminalp 1.00 2.61
1—2 or 3 link 242 3.30
125 link 9.42 8.48
1225 link 8.45 -
13,5 Hink 2.91

Rha 1—2link 3.15 515
1-32.4 link 432 479

Gal  terminal 8.44 14.25
123 link 3.07 232
1—4 link 24.10 2476
126 link 12.12 11.64
1—3.4 link 1.62 493
124 .6 link 409 424
1-53.6 link 8.71 638
1-+3,4,6 link 1.88 2.76

Glc 124 link 1.41

Relative molar ratioc (mol%)
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Fig. 17. Photographs of gels of pectin and de-esterified pectin from pericarp and endocarp of C. depressa .
(1) Pectin from pericarp  (2) De-esterified pectin from pericarp
(3) Pectin from endocarp (4) De-esterified pectin from endocarp
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Fig. 18. Schematic structure model of pectin of pericarp from C. depressa.
Galacturonic acid residues were methoxylated (63 %) and acetylated (1 %)
HG: Homogalacturonan, RG: Rhamnogalacturonan, SC: Side chains
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Fig. 19. Schematic structure model of the pectin of endocarp from C. depressa.
Galacturonic acid residues were methoxylated (66 %) and acetviated (2 %).
HG: Homogalacturonan, RG: Rhamnogalacturonan, SC: Side chains
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3 Citrus tankan
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Fig. 20. Photographs of Citrus tankan.




3. 3.

3.3.1.
0.05M
1 85 Amberlite
IR 120B DEAE Sepharose
2.8
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Table 8
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Table 8. Chemical components of pectin from pericarp of C. tankan. (%, wiw).

Yield® Carbohydrates? Uronic acid® Ash® Moisture®  DMe

Tankan 2.75 94.0 80.0 7.0 11.0 63.2

® Fresh weight basis (%)
b Pectin weight basis (%)
¢ Degree of methoxylation
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Table 9. Sugar components of pectin from pericarp of C. tankan.

D-GalA D-Gal L-Ara L-Rha

Tankan 100 113 36 26

Relative molar ratio (mol%)
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Gel filtration chromatogram of pectin from pericarp of C. tankan.



Table 10. Specific rotation of pectin from perncarp of C. tankan.

Temperature (°C) 10 20 25 30 40 50 60

Tankan +207°  +201°  +201° +200° +200° +200° +207°

[a ], (degree)
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Fig. 22. Infrared spectra of pectin from pericarp of C. fankan, de-esterified pectin from
pericarp of C. tankan, standard pectin and de-esterified standard pectin.

(1) Pectin from pericarp of C. tankan {2) Standard pectin

(3) De-esterified pectin from pericarp of C. tankan (4) De-esterified standard pectin
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Fig. 23. "H-NMR spectra of pectin and de-esterified pectin from pericarp of C. tankan in D,O at 80°C.
(1) Pectin from pericarp of C. tankan (2) De-esterified pectin from pericarp of C. tankan
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Fig. 24. C-NMR spectra of pectin and de-esterified pectin from pericarp of C. tankan in D,O at 80°C.
(1) Pectin from pericarp of C. tankan (2) De-esterified pectin from pericarp of C. tankan



Table 11. Chemical shifts of 'H- and '*C-NMR spectra of de-esterified pectin
from pericarp of C. tankan.

'H /'3C Chemical shifts (ppm)

1 2 3 4 5 6
Galacturonic acid 50811018 3745709 397/718 4431811 476/738 -11773
Galactose” 107 4 750 76 4 804 7176 63.5

*Galactose represents only '*C chemical shifts.
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G-6 635 Table 11
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Pectin, 1%:; Sucrose, 60%:;

De-esterified pectin, 1%;

Citric acid, 0.05 M ' CacCl,, 5% I

Fig. 25. Photographs of gels of pectin and de-esterified pectin from pericarp of C. tankan.
{1) Pectin from pericarp of C. tankan (2) De-esterified pectin from pericarp of C. tankan
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