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Fig. 2. HPLC chromatogram of a model
mixture of standards.
Operating conditions: flow rate, 500 1l
min; detector attenuation, 1.6 X10™°
RIU; chart speed, 5ma/min.
For other details see Fig. 1.
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Fig. 1. HPLC chromatograms of mono- ~ tetragalacturonic acid standards.
Operations: column, Shodex SUGAR SH1821, 8 X 300 mm; pre-column, Shodex SUGAR SHI0L1P, 6 X 50mm;
mobil phase, 0.005 N sulfuric acid; column temperature, 40 °C; flow rate, 1.0 ml /min; chromatograph,
Jasco TRI ROTAR-VI; detector, Jasco RID-300; attenuation; 6.4 X10™*RIU (upper), 1.6 X10™*RIU (lower):
recorder, SIC Chromatocorder 11; chart speed, 10 mn/ min.
ISéan?ple: upper, standard solution, 50 ug; lower, model mixture, 12.5 ug of individual standards; injection,
Peak identity: 1, monomer; 2, dimer; 3, trimer; 4, tetramer.
RIS T 4= TH—2Ry PERLOTEMETHEEHAL T/, HPLC D7 u= s 73 &
D OWHOMBEAEEATHBI EDNbh ot EFNVEEYO /o= /5T, PIFSI vy
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Table 1. Retention times and peak responses of galacturonic acid and
oligogalacturonic acids at flow rates of 500 and 1,000 11/ min.

Flow rate  (x1/min)
500 1,000
Galacturonates Retention Peak Retention Peak
time height time height
(min) (mm) (min) (mm)
Monomer 16.7 77.9 8.4 66.8
Dimer 14.5 77.4 7.3 65.2
Trimer 13.3 76.5 6.7 65.0
Tetramer 12.6 53.3 6.3 45.4
Pentamer* 12.0 e 6.1 ——e

* The values were obtained from the results shown in Fig. 5.

All the values present the average of five determinations.
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Table 2. Reproducibility of determination of galacturonicacid (n=5).

Detector Galacturonic Peak Standard Coefficient
attenuation acid height deviation of variation
(RIU) Cug) (mm) (%)

1 X107° 0.5 41.8 0.95 2.3
” 1.0 84.4 0.97 1.1
2 X 107° 1.0 41.6 0.86 2.1
” 2.0 83.4 0.96 1.2
4 X 107°¢ 1.0 20.8 0.42 2.0
” 2.0 41.3 0.44 1.1
” 4.0 83.4 0.60 0.7
3. BHRA
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Detector response
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VERDSEED Bte LipL, CORBTRS = = = 5
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B b Rt = o 7 VL L OS5 Fig. 4. Detector responses to the small amounts of galact-
FoOSAFMPESEERFEL TV b0 L Zi??ﬁﬁ;féi %%vl%rgoxs alxtée;;ix@_uo%s £0510-%C. 105
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Mlciits s o, diEgEaET solutions were filtered on a Milliporg Molcut It GC apparatus. The
resulting filtrates (10 #1) were used for injection. Only in the case of a

THARE L THATESBLT o e e Hiocato L) was wsed for isection.

Bbo BERIBRS B, 7 ?r?cxtlbeation period: A, 5 min; B, 10 min; C, 15 min; D, 30 miil; E, 60 min;

oD -7 @ikt UCH g’eég }il(géntit :1, monomer; 2, dimer; 3, trimer; 4, tetramer; 5, pentamer;
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EAFENIE - b D EEPNDS, TD8Y EVHER, BAED R F VEED endo-PG HFMIC
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THERT B DT, MM EWEABLNEEBThSS 5, SHOKBICH 7 Shodex SUGAR SH1821
H 5 LlL, VORAGEN ® HEYRAUD DN 54 ED &5 7 voviked ) IH 5 0 v o Y IBBORIESF
AELTHBLTVAELS TH D,

wWhicE &, SEOREN S, AikbEH T HPLE 347 F VIBORESEMRNDMTPERE Ry F 5 —
COVERIOME, S50~y FYEOMEIRICBWT, &%, 9 FRaREAEMBEITE
Br&im sl ENFEhG,

B #
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Fod1.0ml,/ min T, POFS v VBEET FIH I 2y u VERBICHA M D IS - o8, BiIE
SRS AE , OV 90 TH » 1o FOliE 500 £l min T 5 & X & I BT 1o B
Bohiz, TO&EDMFFEMRRIIBIN 185 TH -1

S (B ~F P SA T 0 v o VER) ORISR WIBEEREE T BT IS AR Ul BRI K
BHMHIRRE, I v o vBBTREBBXZ 01 ugThY, DA ES05ug BLEDT S 7 v a VEENTE
BINCHELCMETE S Edbhh oo, BRERRET 20K, Y57 vavR05~4 pg it
4 BEEME (n=5) oW TEMERE EETREERD 20, FIFRVThoBa&b 1T ThY
BEG1~2% LEVEERL, BERIERICRBIFTHE T EM8bh o,

Kluyveromyces fragilis @ endo-PG T & % =2 F DR BIGOHR» S e B 3 B>
WCBREEE L foo M 1.0 nl, min O&LET, B/ HOAFVETO—HWOF Y TH I 7 v u yBEK
MTE, $LEhoORNBILOBIHOBEB I LMD, FEN, <0 F VRROBEDIFY O DT 2D 1F
B OBIRCIERICERIEONERTH S T SRR L o i, ~2 F 7~ COERfEP s F v
BOWERRIBWT, &% TEIFRCEIb0LEbR A,
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SUMMARY

A mixture of mono- ~ tefragalacturonic acid standards was separated by both size
and ion exclusion mechanisms on a strong cation-exchange column (8 x 300 mm) of
Shodex SUGAR SH1821 with 0.005 N sulfuric acid as eluent.  Each separation was
complete in 9 min at a flow rate of 1.0 mi/min.

The relationship between the peak response and concentration was strictly linear
throughout the entire concentration range studied (0.5 ungfsample to 50 pg/sample
of individual standards); a differential refractometer was used as detector. At an
attenuation of 1 x 107 RIU, the cocfficients of variation of the peak height for
repeated injections (n = 5) were 2.3 and 1.1% for 0.5 and 1.0 ugfsample of galacturonic
acid, respectively. The detection limit of the uronic acid was estimated to be 0.1pug.

The method was applied to follow the course of hydrolysis of pectic acid by an
endopolygalacturonase, and proved to be a very powerful tool for studying the
mechanism of action of pectic enzymes. A series of oligogalacturonic acids having chain
lengths of two to six units could be distinguished from each other in the digest at an
early stage of the hydrolysis (10 min after the start); the major products were tetra-,
penta-, and hexagalacturonic acids. At a final stage (40 hr after the start), only three
components of mono-, di-, and trigalacturonic acids were detected in the digest; the major
product was trigalacturonic acid, amounting to 63% of the fotal pectic acid used. A total
of 92% of the original pectic acid was recovered in the three components.





