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OnpenesieHne HEUTPAJBHBIX 0JIUT0- M MOJMCAXAPHUI0B
(MHYJHMHOB U PPYKTAHOB), BbIJIEJI€HHBIX U3 PacTeHUI

BBEJEHUE

C Tex mop, Kak ObUIO BIEpBbIE MOKAa3aHO,
4TO BbICOKOA( (heKTUBHAS KHUJKOCTHAs
aHMOHOOOMEHHas xpomarorpadus (high-
performance anion-exchange chromatography,
HPAE) COBMECTHO c HMITYJIbCHBIM
aMIIEpOMETPUYECKUM JieTekTupoBanuem (pulse
amperometric detection, PAD) wmoxer ObITh
WCTIOJb30BaHA ISl Pa3/IEICHUs] U OIpPENeIICHUS
YITIEBOMOB C  BBICOKOH  3((MEKTHBHOCTBIO,
HPAE-PAD nama mupokoe NMpUMEHEHHE IS
pasnuuHBIX  00pasmoB®.  Jus  pasjeseHus
yTJIEBOJIOB UCII0JIb30BajIach KOJIOHKA
CarboPac™ PA1l, sBugromascs  CHIBLHBIM
aHMOHOOOMEHHHKOM U CHEUAIBHO
paspaboTanHass ISt

nosucaxapunos. B 1989 rogy Koizumi et al

aHaJIn3a MOHO- u

nokasan, urto merong HPAE-PAD moxer ObITH
WCTIOJNB30BaH JUIS  ONPEACICHHUS JIMHEHHBIX
MOJIUMEPOB TITFOKO3BI co CTETICHBIO
nonmumepusanuu (degree of polymerization, DP)
paBHOM 50°. HoBblit METO IO 3¢ (heKTUBHOCTH
3HAYUTENBHO  TPEB30OLIEN  CYHIECTBYIOIINE
METOJIUKH HA OCHOBE T'eNb-(OUIbTpanuu (Ipeaesn
obuapyxxenuss DP12) u oOpaieHHO-(ha30Boi
xpomarorpaduu (mpenen obnapyxkenuss DP30,
CBSI3aHHBIH €  IUIOXOH  PacTBOPUMOCTHIO
OONBPIIMX  TIOJMMEPOB B DIIIOGHTaX  JIIS
oOpareHHo-(ha30BoM xpomarorpadun).
HenaBHo ObUTO MMOKa3aHO, YTO C TIOMOIIBIO
HPAE-PAD BO3MOXHO pa3fenarh IOJIUMEPHI
TJIIOKO3bI CO CTETEHBI0 TMOJMMEpH3auu Ooee
80*,

Beicokass  paspemaromias  CrocoOHOCTh

HPAE 1 BO3MOXXHOCTB OTIpeIeTICHUS TTOJTMMEPOB

MeTtonuyeckue ykazanus 67

C  BBICOKOM  CTENEHBIO  MOJMMEpPU3AIMH
no3Boman Koizumi et al, ucromssyss HPAE-
PAD, ycranoButh pacmpeaenenue  ol,4-
CBA3aHHOM TJIIOKO3Bl B IIECTH €CTECTBEHHBIX
MCTOUHHKAX" . Bo3MoXkHOCTE TOJTyYCHHSI
HO00HOTO pacIpene/iCHHsT BMECTE C BBICOKOM
9yBCTBHUTEIHLHOCTHIO HMITYJIECHOM
aMIIepOMETPUHI caenanm
OINpe/ieIeHHe TPUMECEl caxapHOH CBEKIBI B
AIeJbCHHOBOM —COKE®, a TakKe [O3BOJIMINA

YCTaHOBUTH reorpa(puqecxoe MIPOUCXOKACHUC

BO3MO>XHBIM

poduITIo pacnpeneneHus
7
OJIUTOCAXapHUI0B, BXOIAIIMX B €0 COCTAB ' .

Ména o

Hauunas ¢ 1989 rona nosiBUioch orpoMHOE
KOJM4ecTBO pador, mocesmieHHsix HPAE-PAD
aHaJIu3y OJINTO- M MOJUCAXapUJIOB, BKIIOYAs

AMIIOTICKTHHBI ~, apaGUHaHbL,
apaGMHOKCHIAHBL, (pyKTOOTHrOCAXAPH/IE,
dpyxTans'’, raakTaHel
TITIOKOAPAOHHOKCHITAHBI —, MaHHaHBI -,

KCHJIAHBI™ M KCHJIOTTIFOKAHBI. JTH yIIICBOIHBIC
KOMIIOHCHTHI OBUIM BBIICJICHBI M3 MHOXECTBA
UCTOYHUKOB. B oaHoil u3 paboT aBTOpBI
OTIpEACITIH coJIepKaHue
dbpyToonurocaxapunoB B Oonee yeM 80 Bumax
DPYKTOB, OBOLICH 1 3¢PHOBBIX".

JlaHHBIN TOKYMEHT COJEPKUT YKa3aHUs AJIs
pa3paboTku Meroaa HPAE-PAD TUTSI
pasaeneHus HEUTpPaTbHBIX OJIUTO- "
MOJIUCAXaPUIOB  PACTHTEIBHOTO  MPOUCXOXK-
neHus.  PasneneHus — aMWJIONIEKTHHOB W
(PYKTaHOB WJUTIOCTPUPYIOT BBIOOP KOJIOHOK,
JMIOEHTOB M (OpM TpagueHTa Ais CO3JaHUs
Hanéxaelx HPAE-POD wMeronoB — ananmmsa

OJINT'0- U IIoJIMCaxapuaoB.
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OBbOPY[JOBAHUE

XpomaTtorpaduueckas cucrema Dionex BioL.C®,

COCTOSIIAS H3:

— rpaguentHoro Hacoca GP50 ¢ ¢pynkuuei
BaKyyMHOTO JIeTa3UPOBAHHSI

— aJeKkTpoxuMmuueckoro aerekropa ED50

— opranaiizepa amoenros EOL

— aBrocamIuiepa ¢ TepmocratoM AS50

IIporpammuoe obecrieuenue Dionex

Chromeleon® 6

PEAIEHTbI U CTAHQAPTbI
JlenonnzoBaHHas BoAa, conpoTusieHue 17.8
MOM-cM niy BblIe (UCTIONB3YETCS ISt
MIPUTOTOBIICHHS BCEX ITIOCHTOB M Pa3BEJCHUS
CTaHJapTOB)

Hatpus ruapoxcun, 50% (w/w) (Fisher Scientific)
Hatpus anerar, 6e3Boaubiii (Fluka, Microselect)
WnynuH, kopenb mukopus (Sigma Chemical)
WnynuH, knyouu reopruna (Sigma Chemical)
Manstpur MO40 (Grain Processing Corporation)

APYIME PACXOLOHbIE MATEPUAJIbI
Ounbrpyromue Hacaaku Ha mmpuill (0.47 MK,
PVDF) (Acrodisc LC, Gelman Sciences)
Heiinonossie ¢punbrpytomue aucku (0.2 MM, 47
MmmM) (P/N 66602, Gelman Sciences)

Buane! 11g aBTocamiuiepa

yCcJlioBus
CarboPac PA1 uau PA-100
Kostomka Analytical,
. (4 x 250 mm, P/N 035391 u
043055, cooTBETCTBEHHO)
CarboPac PA1 wmm PA-100
[Ipeaxononka (4 x 50 mm, P/N 043096 u
043054, cOOTBETCTBEHHO)
Pabouee 17.2 MITa (2500 psi)
aBIIEHUE
Jerazamus 30 cek. kaxapie 10 MuH.
O0beM 10 MK
WHXEKIA

MeTtonuyeckue ykazanus 67

O0BeM meTim 25 MK

A: 100 MM wimu 150 MM NaOH
b: 100 MM wm 150 MM NaOH

OII0EHTHI
/0.5M umu 1.0 M auerara
HATPHS

CkopocTh

p 1.0 Mur/mMuu

MOTOKa
HmmynbcHas aMmnepomMeTpus,

JleTekTupoBaHUE 30JI0TOM pabOUMid FTEKTPO/I,

Ag/AQCI snexktpo cpaBHEHHS

1
®opMa 21eKTPOXHMUYECKOr0 MoTeHnaa’

(waveform)

Bpewms, cex ITorenuuman, B HMurerpuposanue
0.00 +0.1

0.20 +0.1 Hauano

0.40 +0.1 Komnerng

0.41 -2.0

0.42 -2.0

0.43 +0.6

0.44 -0.1

0.50 -0.1

Ilpumeuanue: nannas popma
AJIEKTPOXMUMUYECKOT0 MOTeHIIMANA JOJKHA OBITh
WCTIOJIh30BaHA TOJBKO C HOBBIM 30JI0TBIM pabouum
3JIEKTPOIOM, JTUOO € 30JI0THIM pabounum
AIIEKTPOJIOM, JUIsl KOTOPOTO HCIOIb30BaJIach PaHee
3Ta (hopMa UMITyJIbCa.

YacroTa cbopa

JTAaHHBIX 2T
OxumaeMbIi

20-37 nC
¢bon
Temneparypa 30°C

ITapameTpsbl aBTOCAMILIEPA

BricoTa urisl 2 MM

MepTBbIit 00beM 4 MKIT

O0BeM mid
MIPOMBIBKH

100 MK
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IMpumepsl FpaI[I/IeHTOB*:

OmoenT A: 100 MM rugpokcuia HaTpust

OmoeHt B: 100 MM runpoxcuaa Hatpusi / 1.0 M
arierata HaTpus

Ckopoctb oToka: 1 mi/MuH

Pa3zpenenue M040:

Bpems, mun %A %B  ®opwma rpaauenra

0.0 95 5 6
60.0 55 45 6
61.0 95 5 6

Bpewms ananuza: 75 MUHYT

Paznenenne Unynuna:

Bpems, mun %A %B  ®opwma rpaguenra

0.0 85 15 6
60.0 55 45 6
61.0 85 5 6

Bpewms ananuza: 75 MUHYT

OcrainbHble TPaIUCHTHI B TAHHOM JOKYMEHTE IIOKa3aHbl HA PUCYHKaX UJIN
OITMCaHbl B TEKCTE
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rNPUIrOTOBJIEHNE PACTBOPOB U
PEAFEHTOB
MpurotoBneHne ob6pasuoB
Maltrin M040

Bssecuts 25 mr M040 u 1o0aBUThL BOABI ISt
MoJlydeHus: pactBopa 5 wmr/miu. Bce palotsl,
OIIMCAaHHBIC B ObLIH

JJaHHOM  JIOKYMEHTE,

BBINOJIHEHBI C pacTBopoM 5.2 mr/mi M040.

Huynunw

B3Becutp 25 mr unynuHa u no6asuts 100 MM
TMJIPOKCUAA HATpUs JJIs MOJIy4eHUs pacTBopa 5
mr/mia. Bcee paboThl, omnMcaHHBIE B JaHHOM
JIOKyMEHTe, ObUTH BBINOJHEHbI ¢ pacTBopaMu 5.0
MI/MJI MHYJIUHA U3 KOPHEH IUKOpHUsS U 5.5 mr/mi
WHYJIMHA U3 KIyOHEH reopruxa.

O6wume pekomeHAaLUM MO NPUTrOTOBNEHUIO
obpasuoB, cogepXxalwmx onurocaxapuabl,
ansa HPAE-PAD

OOpa3ipl MOKHO PacTBOPSTH B BOJAEC WIH B
100 MM ruznpokcune Hatpusi (HEMOCPEICTBEHHO
nepen aHanu3oM). BO3MOXXHO HUCHOJIb30BaHUE

boinee BBICOKHX KOHHCHTpaHI/Iﬁ

BJINAHUC nux Ha

THIIPOKCHUIA
HATpUs, HO pe3yabTar
xpomatorpaduu Isi AaHHOTO oOpaslia, JaHHON
KOHI[EHTpaluu  oOpa3na, o0beMa HHKEKIUU
JIOJDKHO OBITH OIICHEHO JIOTIOTHUTEIBHO.

MyTHbIe 00pa3ubl ciieayeT mpoduiIbTPOBATH
yepe3 ¢punsTp 0.45 Mxm. Ecnu oOpasmbl ocTaroTcst
MYTHBIMHA

nocne  (UIbTpalUU, OHU  TPH

BBITOJHEHUH  MHXEKIIUU  MOTYT  TOBPEIUTH
KOJIOHKY M 3aCOPUTh HHXEKTOp, HHXEKTOPHBIH
KJIalaH, WH)XEKTOPHYIO TETII0 WIM KalWwuisp 0
MPEIKOJIOHKH. JIOTOTHUTEIbHYO HHPOPMAIIUIO 1O
mpoOonoAroToBke st KoyioHok CarboPac mMoxkHO
HAlTH B PYKOBOJCTBE IOJIb30BATEIs K KOJIOHKAM

CarboPac (Jloxyment Ne031824-02).

MpuroTtoBneHue anteHTa

100 u 150 MM 2udpokcuo nampuus
Heobxomumo UCIOJIb30BATh

BOJlY

(178 MOwm-cM wu

BBICOKOKAQUCCTBCHHYIO ACUOHU30BAHHYTO

BBICOKOI'O  COIIPOTUBIICHUA

ctp. 3uz 14



OoJee), COAEPKAIIYyI0 HAaUMEHbBIIEE KOJIUYECTBO
TMOKcHaa yriaepoaa. buonorndeckue 3arps3sHeHUs
JIOJDKHBI ~ TIOJIHOCTBIO  OTCYTCTBOBaTb. ODJIIOEHT
TOJKEH OBITbH IIPUTOTOBJIEH u3
KOHLEHTpUPOBaHHOTO pactBopa 50% ruapokcuna
Hatpusa. He wucnons3yite TIpaHyIMpOBaHHBIN
runpokcua Hatpus. g npurorosieHus 2 a 100
MM NaOH rpajyupoBaHHYIO

IJIaCTUKOBYIO nuneTky u nobasbre 10.4 ma 50%

BO3BMMUTC

THIIPOKCUIA HATpHUA K | J1 BOXBI, 3aT€M JIOBEIUTE
o6bveM Bonoit 10 2 i1. [lepememuBaiite pactBop 1-2
MUHYTHI. J[TUTeNbHOE NepeMenIMBaHhe BEAET K
YBEIIMUYEHUIO  COJAEp)KaHUs  KapOoHAT-MOHA B
pacTBope, KOTOpBIA 3axBaTbIBaeTCs M3 BO3JyXa.
[locne mpuroToBiIEHUs, XpaHUTE pPacTBOpP B
3aKpBITOM EMKOCTH MOJ TeTUeM P JaBjiIeHuu 34-
55 xIla (5-8 psi) Bce Bpems. Ilpu xpaHeHun mon
reliieM, dJII0CHT MOXXKHO HCIOJIBh30BAaTh B TEUCHHE
npumepHo 1 Hegenu. g npurotosnenus 2 i 150
MM pactBopa NaOH, passeaute 50% (w/w)
pacTBOp TUAPOKCUIA HATPHsl, KaK OMHCAHO BBIIIE

st 100 MM rugpokcuaa HaTpus.

100 u 150 mM 2uopoxcuo nampusn c 0.5 uau 1.0
M auyemama nampus

OtmepbTe mpuMepHo 800 Mi1 BOBI B MEPHBIM
nunuHAp ooveMoM 1 1. OmycTUTe MarHUTHYIO
MelIIaJIKy W Ha4yHWUTE IepemelnnBanue. B3BechTe
41 v (0.5 M) wm 82 r (1.0 M) Ge3BomHOTO
KpUCTAINTUYECKOro alnerata Hatpusi. HempepsIBHO
N00aBIIHTE COJIb, SHEPTUYHO MEepPEeMELINBasi BOAY.
Ilocne TOrO, Kak coOJb pacTBOPUTCSH, YIAJINUTE
MarHUTHYI0 MeEIIaJNKy, W ucnoiapzyite 10 Mia
IpaJyMpOBaHHYI0 IUIACTUKOBYIO MHUMETKY JUIs
nobasiiennst 5.2 ma (s npurotosinenus 100 mM
THAPOKCHJIA  HATPHUSA) (s
npurotosieHus 150 MM ruapokcuna Hatpus) 50%
(w/w) pactBOpa THApPOKCHAA HATPUS K PacTBOPY
arierata HaTpus. [loBequre o6beM BoJol 10 1 11 u

wm 7.8 M

OBICTpO B30ONTAWTE WWIMHIpP, UISI TOTO, YTOOBI
nepeMeniate ero cojaepxkumoe. I[Ipodunerpyiite
pacTBOp TMOJ BakyyMOM 4Yepe3 HEHJIOHOBBII
¢unpetp 0.2 MKM. DTOT mar MOXET 3aHITh

HEKOTOpOe BpeMs, TaK Kak QUIBTP MOXKET
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3a0UTHCS HEPACTBOPUMBIMHU NPHUMECSMHU, KOTOpPHIE

comepxkarcss B amerare  Hatpusa.  [locrie
MPUTOTOBJICHUSI XPAHUTE DIIIOCHT B 3aKPBITOU
éMKocTH moj renreM nipu AasieHuu 34-55 klla (5-
8 psi) Bce Bpems. [Ipu XpaHEHHMH MOJ TEIIUEM,
9JIFOEHT MOJKHO  HCIIOJB30BaTh B  TEUYCHHE

puMepHo 1 Henenu.

Courmn: CarboPec PA-00 + guand
Elsant: 0 mir: 100 md NaO/
50 mM NalAc
60 mire 100 mid NaO&/
50 m NaDAC

Malirin 0405.2 mgiml

(A) Linear Gradient

(B) Concave Gradiem

1
40 50 &0

LU _i,.JUJJMJJAuuW

Mirutzs

Puc. 1. CpaBHEeHME TUHEHHOTO U U30THYTOTO
rpaJIneHTAa IIPU PA3/IEICHUY MTOJINCAXaPUIOB.

50 mi sodium scelate;
&0 min at 150 mi sodium hydroside
250 mM sodium zceta

Cure 6
lemperaire: 30 °C
ow Rata: 1.0 mLfmin
204
PAD iAu) Waveform A [TN21)
Red Hook Beer 1:50 dilution

Dietection:

AT

ul

'-\“Jml-.-lUI'LUL_L'iL,n"MI'waJh,fk-'-UMmm. B

T T T T T T T T 1
3 0 13 ki 5 i} 15 40 45

17506

Puc. 2. HPAE-PAD ananu3 sHTapHOTO NHUBa
Red Hook.
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PE3YJIbTATbI U OBCY)XXOEHUE

Buvioop epaduenma

HesapspkeHHbIe MOJTCaxapuIbl
(MUHEHHBIE WM C HCOONBIIMM BETBJICHHEM),
00BIYHO pa3ziesstoT Ha kosonkax CarboPac PAL
wm PA-100 ¢ wucmonb3oBaHMEM —TpaJueHTa
areTara HaTpusi B JJIFOCHTE, COJEpIKaIieM JH0o
100, 150 MM rugpokcuaa
IManpokcua HaTpus HEOOXOIUM IS HWOHHU3AIUU

OJINT'O- u

oo HaTpusl.
THJIPOKCHIIBHBIX TPYII caxapu/ia 10 OKCUaHHOHOB.
Takum o6pazom MoaudUIUPOBAHHBIN caxapuj
yIep:KUBacTCs Kak aHHMOH Ha copbente CarboPac,
CUJIBHOM aHMOHOOOMEHHHUKE. AueraT-uoH
saBisgeTcs 0Oojieeé  CHUIBHBIM  DIIOEHTOM, YeM
TUJIPOKCHUI-UOH U UCTIONB3YETCS /ISl DIIFOMPOBAHUS
cBsizaHHOTO caxapuzaa. Ha pucynke 1 (manenp A)
npuBeneHo pazgeneane Manetpur  M040 Ha
CarboPac PA-100 ¢ wucnonb3oBaHHEM
rpaauenta ot 50 go 450 MM anerata Hatpus B 100
MM rtuapokcune Hatpus. Manetpun  MO040
MIpeICTaBISET coboit npemnapar
MaJbTOJEKCTPUHOB, BBIJICTICHHBIN U3 KyKypy3HOTO

KOJIOHKEC

Kpaxmaiia.
coboi

MaJIBTOI[GKCTpI/IHBI NpeaACTaBIAOT

HECIAJKUE  IUTATENIbHbIE  IOJUMEpHI
TJIIOKO3bl. ManbTONEKCTPUHBI MOTYT OBITH TaKXkKe
OTHECEHBI K KJIACCY aMUJIONEKTUHOB, IIFOKO3HBIX
TJIFOKO3BI

MMOJIMMEPOB, B KOTOPBIX MOHOMCPEL

oOpa3yror monmmep 1o cBa3siM  ald  co
CIIy4allHBIMU BETBJICHHUAMH 10 CBs3saM  ol,6.
3amMeHa JMHEWHOro rpaaueHTa (KpuBas 5) Ha
pucynke 1A Ha crierka BOTHYTHIM (KpuBas 6)
MPUBOJIUT K pa3leieHuI0, TOKa3aHHOMY Ha
pucynke 1B.  Xors nganHas 3ameHa (opwmbl
TpaJueHTa He MO3BOJISIET MOJYYUTh HOBBIX ITHKOB,

OHa IIO03BOCT YBCIMYUTL PACCTOAHUC MCKIAY

CYILECTBYOLIUMU MUKAMH. JaHHbld  THI
rpaJueHTa MOKET MOBBICUTH BOCIPOU3BOAUMOCTh
WHTETPUPOBaHUSA, a Takxke O0OJerdyuts coop

WHAUBHUAYAJIBbHBIX IIHKOB  JJIA
JIOTIOJIHUTEIILHOTO aHaanu3a. MbI O6H8.py>I(I/IJ'II/I, 4qTo

OYHUCTKU WIIU
cllerka BOTHyTas (opma TpaaueHTa YyIydIlaeT

pasaciICHUC YTJICBOAHBIX IMOJIMMEPOB, B KOTOPBIX
AIIIOMPYEMBIE MHKH XY)K€ Pa3periaroTcsi C pOCTOM
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nojuMepa. Ha pucyHke 2 mokazaH pe3yJbTaT

aHa/lM3a 1MBa, B KOTOPOM, KaK HU3BECTHO,

COACPIKATCA aMUIIOIICKTUHEI.

‘aC PA-100 + guard

i 2 PAT + quard

Elant: 0 mir: 100 mi NaDH50 mbd MaOAc
mirt 100 mid NalH &0 m KalAc

im A (TNZ1)
537 mgiml
Peas: 2 Maltotriose A

=

liial:_

005 T T T T T

JUUUU

.

L HL MULUMM»-L—-'

Minutas

Puc. 3. Cpasuenue xomonok CarboPac PA1 u PA-
100 npu pazzeneHuy noanucaxapuaos.
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Buvioop kononku

Ha pucynke 3 mnpuBeAeHO CpaBHUTEIHHOE
pazgenenue Manbtpna MO040 Ha KOJIOHKax
CarboPac PA-100 (A) u CarboPac PAl (B).
PucyHok neMOHCTpUpYyeT pa3iuyusi CBOMCTB
copbenToB. PA-100 conmep>kuT yacTuiubl copOeHTa
MEHBILIEr0 JauameTrpa C OOJbIIEH  CTENeHbIO
CIIMBKM 110 cpaBHeHuto ¢ PAl. Otu paznuuus
NPUBOJAT K  YBEIMYEHUIO  3(P(HEKTUBHOCTHU
paznenenus W ymeHbiieHuto Ha 10% Emkoctu
copbenrta (90 mdkB 1o cpaBHeHHIO ¢ 100 MDKB).
[oBblmieHHas 3 PEKTUBHOCTH MOKA3aHA YUCIEHHO
nyTéM cpaBHEHHS 3((HEKTUBHOCTH IMUKOB OT ABYX

paznenenuii (cMm. Tabdm. 1).

Homep nuka CarboPac PA-100 CarboPac PA1
4 17087 9378
8 39445 24417
12 66978 45667

Taba. 1. CpaBHenue 3¢ hekTuBHOCTEN MUKOB

bnaronaps moBbimeHHON  3¢ddexTuBHOCTH
YAaJOCh JETeKTUPOBAaTh TPH JIOTIOJHUTEIHEHBIX
muka Ha Kononke PA-100. Menpmue BpeMeHa
yIlepKUBaHMS NMMKOB Ha MaHenu A (110 CpaBHEHHIO
¢ B) neMoHCTpHUPYIOT MEHBIITYIO EMKOCTH KOJIOHKH
PA-100. YMeHbIIeHHE €MKOCTH PUBOJIUT K TOMY,
yro Oosiee OOBEMHBIC YTJIEBOAHBIE MOJIEKYJIbI
AIIFOUPYIOTCSA MEHbIIEN
anerata Hatpus. 3aMmeHa rpaauenta ¢ 50-450 mM
Ha 80-480 MM (mnms TorO,

nmoBbIIeHHYI0 éMkocTh PALl) He mpuBenda K

npu KOHIIEHTpalUH

YTOOBl  y4ecThb

IIOABJICHUIO AOIIOJJTHUTCIBHBIX IMTHMKOB Ha KOJIOHKC
PAL.

100 mM 2uopoxkcuoa nampua unu 150 mM
2uopokcuoa nampusn?

Bo
pa3JeNeHNuI0  OJIUIo-

HPAE-PAD
U IOJIMCAXapUIOB aBTOPBI

MHOTUX paboTax IO
ucnosp3ytor 100 MM mwm 150 MM runpokcuaa
Hatpusi. Mbl cpaBHWIM pasiesieHue ManbTpuHa
MO040 npu naHHBIX KOHUEHTpauusxX THAPOKCHUIA
HaTtpusi. XOTA KOHLEHTpalus HOHOB JJIIOEHTA
Bbille B ciayuyae 150 MM ruzppokcupa Hatpus,
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TOJIBKO IIEPBBIM MUK JIIOUPYETCS PAHBIIE, YEM B
aHAJIOTMYHOM pasjaeneHuu npu smouunn 100 MM
THAPOKCHIa HaTpus. MBI mojlaraeM, 4to OOJbIINe
BpeMeHa yaepkuBaHusi B ciaydae 150 MM
THAPOKCUAA HATpUsi OOBICHSIOTCS  Ooublieit
CTENEHbIO HOHU3ALMH THAPOKCUIBHBIX TPy
oOpasia, 4T0, B CBOIO O4epenb, BeAET K Oonee

CUJIBHOMY  B3aUMOJICHCTBUIO c KOJIOHKOH
CarboPac. DToT pe3ysbTar ObLI BIEPBbIC MOJYUYCH
MIPU pa3/IeJICHUU Pa3BETBIECHHBIX OJUTOCaXapHIOB
MJIEKOTTHTAIONIUX . [Tpu
KayecTBe oeHTa 150 MM rugpokcua HaTpus He
yAanoch OOHApYKUTh JOMOJHUTENbHBIX MHKOB B

npenapate Manstpuna M040, no cpaBHeHUIO €O

HCIIO0JIBb30BaHNH B

100 MM runpokcuna Hatpus. Vcnonb3zoBaHue
150 MM
OIIpaBJIaHO INpH aHajau3e 00pa3loB, COJEpIKAILUX
00BbEMHBIE YIJIEBO/IBI,
PacTBOPSAIOTCS MPU MOBBIIIEHHBIX KOHLIEHTPALUAX

TUAPOKCHUJIAa HATPUsT MOXKET ObITh

KOTOPBIC JIyqaie

TUAPOKCHUIa HATPHA.

Column: CarboPac PA-100 and guard

Paned A: 0 min & 100 mi o Fpdroeada,
50 mM 50 acetale
&0 min 2t 100 mi sodium hydrosde,
450 mh sodium acetate
Curve &

Paned B: omin a 150 mM sodium hydrowads,
50 mM sodium acetate
&0 min 2k 150 mbd sodhum hydromds,

450 mh sodium acetale

Flow Rate:
Injection:
Detartion:

Pags

03iq

N L I.JLMJ ‘Um J”h! [ o

il L'll_.l‘-_,h. LUL .il .h.‘ILI.LUu'lI'.'J-\W—-—u-—-"""

a

T T T T T T T 1
15 & 25 on 35 40 L 50 55 &1
Minues

Puc. 4. Paznenenne ManbTOAEKCTPUHOB
¢ 100 MM u 150 MM NaOH.
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Calumn
Eluent:

Tamparature:

CarbaPac PA-100 + guard
0 min: 100 mi MaOH!
150 m sodium acetale
60 min: 100 mM KaDH/
550 m socdium acetale
Curie &

n-C

npoWIMPOBAaHUIO KakK, HANpuUMep HHYJUHBI,

HMCIOT pPa3jiIMdHOC pacnpcAacICHUC IMOJIUMCPOB.

Metox HPAE-PAD wmoxer ObITH  Takxke
WCIIOJIb30BaH JIJISI CPABHEHUS Pa3HBIX IKCTPAKITUI
WIM TapTUd  ONWro- WM  TOJUCAaXapHoB,

MOJIYUYCHHBIX U3 OJHOI'O UCTOYHHUKA.

Calumn
Eluent:

CarbaPac PA-100 and quand

0min 2t 100 mb sodium hydrozide
150 mM sodium acetale;

G0vmin 2 100 mM scdium fydraxide
550 mM sodium acetale

Cure &

Flow Rata: 1.0 mL/min
Inj. Volume: 0p
[etaction: PAD (A
02— Waveform A (THz1)
Sampla: 5.5 mg/ml in .1 M NailH
(A} Chicory Imulin
LRI
0 T T T
02—
(B} Dzhlia knulin
pe .l
MM. L

Puc. 5. Cpasuurensubiit HPAE-PAD ananus
WHYJIMHOB U3 KOpHS 1uKopus (A) u u3 KiryoHen
reoprusa (B).

Ananu3 unyaunos

Jlnst pa3pabOTKA METOJIOB aHalW3a MHYJIWHOB
MBI HCIIOJIB30BAIA PE3yJIbTAThI, TOJyYCHHBIC MPU
pa3eneHny aMIIIOTIEKTUHOB. VIHYITMHBI OTHOCSTCS
K Kiaccy (pyKTaHOB U TPEACTABIAIOT c000it
nuHeiHble [2-1 monmuMepsl (PYKTO3BI UTHHOM
nopsinka DP60, comepxkamue Ha KOHIIE OCTaTOK
roko3bl. Ha pucyHke 5 mokazaHbl pa3aeieHus
WHYJIMHOB U3 KOpHS uukopus (A) U u3 KiyOHel
reopruHa (B). Paznenenue ObUTO BBITIOJHEHO Ha
komonke CarboPac PA-100 ¢ wucnonb3oBaHHEM
100 MM rugpokcuaa HaTpus U
KpUBOJHMHEHHOro TpanueHta (kpuas 6) 150-550

JJIFOCHTA

MM anerara Harpus. PUCyHOK 5 nemoHCTpupyet

BO3MO>KHOCTD METOoJa HPAE-PAD o

MeTtonuyeckue ykazanus 67

Temparature
Florw Hate:
Inj. Volume:
Detaction:
Sample:

n-C

1.0mLimin

0

PAD Wavelorm A (TH 21)
A Lot 48F 7175

1B

ul

B Lok T8F 7905

i U\lml

=

=]

0.00

0o T

W 15 o X% I35 1l'. -1:'. .‘.‘:l .‘:b EIZI

Puc. 6. CpaBHeHue 1ByX NapTHil HHYJIMHOB,

BBIACJICHHBIX U3 KOpHGfI UKOpUA.

Homep OTHomIeHUe BbICOTHI MHKOB
NHKa (cTrapas napTHs/HOBas IAPTHSA)
3 0.76

6 0.89

10 0.97

12 0.93

14 0.92

18 0.96

23 0.99

27 1.00

31 1.08

35 1.13

Tao6.a. 2. CpaBHeHHE JBYX MapTUH UHYJIMHOB U3

KOPHS LIUKOPHSL.
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Ha pucynke 6 npuBeneHO CpaBHEHHME ABYX

MapTUd  WHYJIMHOB W3  KOpPHA  LUKOpHSA,
npuoOpeTeHHbIX ¢ pa3Hule B 10 ner.
AHanu3 IIomamed - IHUKOB  ITOKAa3bIBAET

(Tabn. 2), 4yto crapas mapTtus MMeeT OOoJIbLIMHA
MIPOLIEHT OOBEMHBIX ITOJIMMEPOB.

Pazpadbomka nHaoéricnvix memooos anaiuza
071U20- U ROJIUCAXAPUOOB.

st pa3pabotku HanéxHbXx MetonoB HPAE-
PAD, ciemyer
ypaBHOBEUINBaHUS
YYUTHIBATh  MPUPOAY KOJINYECTBO
HaHOCHMOI'O oOpa3sua, bopmbl
JIEKTPOXMMUYECKOTO TMOTEHIMANIA, PEKUM BBOJA

ONTHMHU3UPOBATh  MPOIIECC
KOJIOHKH,  TeMIIepaTypy,
oOpa3ia,

BBIOOp

po0 aBTOCAMILIEPOM.

Jlnst xopomieil BOCIPOU3BOJMMOCTH BPEMEH
yIEp)KUBAaHHUS TIHMKOB KOJIOHKA JOJDKHA OBITH
ypaBHOBEIIEHAa CTApTOBBIM OydepoM [0 Hadaia
KaX/I0r0 aHaliu3a, M NEepuoJl YpaBHOBEILHBAHUS

MCKAY WHXCKIUAMUA JOJIDKCH CTpOoro
KOHTPOJUPOBATHCA. Bo BCEX pa3aAcCiICHUAX,
NPpUBCACHHBIX B JaHHOM JOOKYMCHTC, KOJIOHKA

OblJla ypaBHOBEIICHA MEXIy HWHXEKIUIMH B
tedeHue 15 muHyT (15 Mi1), Ipu 3TOM B TeueHuUe
MEepBOM  MHUHYTHI MPOUCXOAWI  TMEPEeXoa  OT
KOHEUHBIX 3HAYCHHWH TpaJMeHTa K HaYaJbHBIM
nepen  Kaxmaou HIDKEKIen.  Mul
KOHTPOJIMPOBATH BpeMst YpaBHOBEITUBAHUS
KOJIOHKA  yCTAaHOBKOM  JUIMTENIbHOCTH  IUKJIA

IPOMBIBKH aBTOCAMILIICpAa N0 MHKCKIHNU 15 MHHYT

HOBOM

(CKOpPOCTH MOTOKA MPH 3TOM COCTaBIIsIIA | MJI/MUH)
nocje KakJIOoro pasfefieHus 1O JOCTHKEHUH
(uHANBHON TOYKH

rpaguenta. KoHTpone 3a

TeMIEpaTypod  KOJOHKH, MOMEIIIEHHOMN B
TEPMOCTAT, TAK)KE MOBBIIIAET BOCIPOU3BOJIUMOCTD

pE3yNIbTaTOB.
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MHorue o0pa3ipl ONUro- M MOJUCAXAPUIOB

o0pazyroTcs KHCJIOTHOTO WU
(hepMEHTAaTHBHOTO THUIpOJW3a Oojee UITMHHBIX
MOJIUMEPOB. K puMepy,
AMWIONEKTUHBI  TOJy4alOTCS TPU  TUAPOIIH3E
kpaxmana. O6pasipl, IPUrOTOBIEHHBIEC MTOI0OHBIM
obpa3zom,

BBICOKOMOJICKYJISIDHOI'O MaTcpuala, KOTOpBIfI HC

Iy TEM

aMujI03a nu

MOTYT COJIepXkKaTh OCTaTK!

OyIeT »JJIIoupoBaThCid C KOJOHKH BO BpEMs

CTaHAApPTHOT'O METoJa. ITocme HECKOJBKHX
I/IH)KGKHI/Iﬁ CHHMIXCHHC €MKOCTH KOJIOHKH
(BCJ'ICI[CTBI/IC HaJIn4us JaHHBIX

BBICOKOMOJIEKYJIIPHBIX ~ BEIIECTB) MPUBEAET K
YMEHBIIECHUIO BPEMEH YAECPKUBAHHUS OCHOBHBIX
Myl

umkekun MansTpuHa M040, ucnons3ys MeTon,

IAKOB. caenaim 32 TMOCJIEeI0BaTEIbHBIE

ITIOKA3aHHbIN HAa pucyHKe 1A.

0.5= Temperaire:
Flow Rale

—-

0.4

PAD Warvefiorm A (TH 21)
Maitrin M40 5.38 mg/ml

0.3+

| S B B N R B R S
W 15 2 25 30 35 &0 45 50 55 6O
Mirutes

Puc. 7. CpaBHUTEIBHBIN aHANIU3 pa3/ielIeHU
1 1 32 ManbTOJIEKCTPUHOB.

Ha ©pucynke 7 mnOpuBeneHO HaJOXEHUE
XpoMaTOrpaMM NEPBOM M IMOCIETHEN WHKEKIUU.
Bpemena ynepxuBaHMsI COBNAJAIOT AJisi MEPBBIX
18-t mukoB, U ymeHbinaoTcs (B ciaydae 32-oi
WHKEKIMH) JIJTsI BCeX MUKOB mociie 18-ro. PucyHok

8 mokasbIBaeT, 4To 3(PPeKT sBisieTcs pe3yIbTaToM

copOuun CHJIBHO yAEPKUBAEMOTO, HE
IOUPYIOLIETOCS npu TUX YCIIOBHSIX
xpomarorpadupoBanust ~ marepuana.  Huxass

XpoMaTorpaMMa Ha pHUCYHKE &8 COOTBETCTBYET
xojoctomy 3akoiry (10 MK BOfbl), CIETaHHOMY /10

ctp. 8wz 14



32-x wmmkekuuid Manerpuaa M040, a BepxHAA
XpoMaTorpaMma — YHCTBIM 3aKOJ, CJIICJIaHHBIN
cpazy mnocie 32-ou wunxeknuu MO040. Meton,
WCIOJIB30BaHHBIM I 3TOT0  CpaBHEHHUS,
UJEHTUYEH METONYy [Uld pa3leleHHs Ipernapara
Mansrpuna M040, 3a HCKIIOYEHHMEM TOrO, 4YTO
KOJOHKa TpombIBajjack B TeueHue 10 MuHYT

pactBopom 100 MM runpokcuaa Hatpust / 1 M

anerara HaTpusa II0CJIC (1)I/IHaJ'II>HOI71 TOYKU
rpaaucHTa.
Column: CarboPac PA-100 and guard
Ehent: 0 mim at 100 mM sodium Fydroide
50 mi sodium acetate,
&0 min &l 100 mM sodium hydmzida
mM sodium acetzle
1 100 mM sodium Frydroaads
sndium 13
n &l 100 mib sodium bydrade
00 mM sodium actale
rva 5
-
0240 — » LA
Toud
PAD Wanvefiorm A (TM 21)
Deionized water
Elank after
32 malodextrin injections
l |I
R— - k-\-\_"-
Initzal Blank
I N
0.000 T T T T T T T
0 | 20 3 40 50 1]
Minuies

Puc. 8. Broj xonocToii mpoOsI (C MPOMBIBKOHA) J10
1 1ocJie 32 MHKEKIUH MaJIbTOIEKCTPHUHA.

DTO  CpaBHEHHUE
KOMITOHEHTOB 00pa3iia, KOTOPhIE HE AIIOUPYIOTCS C
KOJIOHKA Ha NPOTHKEHUH 32 HHXKEKIud. Mbl

ITOKa3bIBACT HaJINn4uc

MOXXEM pELIUTh JaHHYI MpoOJeMy IMPOMBIBKON
KOJIOHKH TIOCJIe KaXKIOH MHXKEKIIUH, HO JJIsl 3TOTO
norpedyercs aHayIM3a.

[IpomOmKUTENIBHOCTh TIPOMBIBKA  MOXET OBITh

YBEIWYUTH  BpEMS
olpefie]ieHa MCXOAs M3 TpeOOBaHWH, KOTOpHIE
NPEABSBISAIOTCS K METOAY — CKOJBKO ITHKOB B
pa3feneHnd Hac HMHTEPECYIoT (HampuMep, eciu
HaM HMHTEpeceH 000l W3 uiau Bce mnepBbie 18
MTUKOB

JaHHOTO  pa3aciiCHHud, TO  HNPOMBIBKU

HEO0OXOIUMO TIPOBOJUTH KaXKJble 32 HHKEKIIHN).
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Ecmu xe mepBbie 20 MUKOB — YMEHBIIUTH 00BEM
s
Hy)kmaercs i kosnonka CarboPac B TiiarenbpHO#

oOpazerr ¢
KOMIIOHEHTOB,

HH)KEKIIUH. TOTO, YTOOBI  OIpPEHCITUTH,

MOXXHO  HCIIOJIb30BaTh

pacnpeneseHueM

OTMBIBKE,

W3BECTHBIM
HampuMep MHYJIMH U3 KOpHS IuKopus (puc. SA).
Hnst sToro HeOONbIIME KOJMYECTBA CTaHIApTa
(vHynMHA) pac]acoBBIBAIOTCS MO MAaJICHBKUM
BHAJIaM M 3aMOPaXKHBAIOTCS M IPU HEOOXOAMMOCTH

WCTIONB3YIOTCS  JUIsl  TIPOBEPKH  MPUTOJTHOCTH
xpomaTorpaduueckoit CUCTEMBI, BpeMeH
yAepKUBaHMUS, OTKJIMKA u o0mieit

MMPOU3BOAUTCIILHOCTU CUCTCMBIL.

Column:
Elueni:

CarboPac: PA-100 and guand

omin a 150 mM sodium hydroode
170 m sodium acetate

5 min at 150 mM sodium fydroode
725 m sodium acetate

A0 min 2t 150 mid sodium hydraxide
300 mi sodium acetate

55 min 2t 150 mi sodium hydroxide
135 mi sodium acetale

&0 min 2t 150 mid sodium hydrazide
450 mid sodium acetate
lemperaire: 3 °C

Flow Rate: 1.0 mLimin

Inj. Wolume: Ao

B 50ul

C. 100

PAL Wavelom A (TN 21)
Maltrin Moa0 (5.2 mgfml]

Detartion:
Sample

I||"'[|[|"r

YT
U\ IL-I VU A A snansnn
}
|.| VU PP Parimaane

J.LJLUU..&J.J. P

0.1 T T T T T T T 1
o 5 w15 ;25 3 15 4 45 5
Minutas

Puc. 9. Dpdexr neperpy3ku KOITOHKH IPU
pa3esIeHUH OJIUTOCAXapHUIOB.

Jpyrasi BO3MOXHasi NMPUYMHA YMEHBIIECHHBIX
BPEMEH YAEPKHWBAaHUS MHUKOB, OCOOCHHO CHIIBHO
VACPKUBAEMBIX — OTO HAaHECEHHWE CIUIIKOM
Oompmioro KonmudecTBa odOpasma. Ha pucynke 9
nmokazaH 3(p(}EKT YBEIMUMBAIOMIETOCS KOJUYECTBA
Manstprira M040 Ha xononky CarboPac PA-100.
OOparute BHHMaHHE Ha CIJaKeHHbIE (HOPMBI
NMUKOB M YMEHBIICHHbIE BpEMEHA YAEP>KUBAHUSI
Huorpa

Ooiee NO3JHUX TIMKOB Pa3dCICHUA.

KOJIOHKY TIpH HAaHECEHHWH oO0pas3lia HaMEpeHHO
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MEperpyx arT IS 9TOOBI

AOCTAaTOYHBIC KOJIMYCCTBA KOHKPECTHOI'O IMWKA HJIN

TOTO, cobpatb
MMKOB JUIsl OTAeNbHOTO aHanuza. KomoHka
CarboPac PA-100 goctymua B ¢dopmare 9 x 250
TaKXKe CYLIECTBYeT albTepPHATUBHA
ynakoBka B ¢opmare 22 x 250 mm. Ilpu cGope
¢pakuuii ¢ konmonku 4 x 250 mm CarboPac
BO3MOKHO

MM, a

UCTIOJIb30BaHUE YTIIEBOAHOTO
MemOpanHoro  obeccomuBanus  (Carbohydrate
Membrane Desalter, CMD) s mnpeBpaiieHus
THJPOKCHIA HATPHUS U aleTara HaTPHs, BXOMSIINX
B COCTaB AJIIOEHTa, B Pa30aBICHHYIO YKCYCHYIO
KHUCJIOTY, KOTOpasi MOXKET ObITh yjAajeHa IO3]Hee
BAKyyMHBIM  BbImapuBammeM . CMD  moxer
y6upats 10 350 MM Na’ mpu ckopoctu motoka 1
Mi/MuH.  Dpaknum, (ON1191117):
CarboPac

YKCYCHOM KHCJIOTOW W TMAJIM30BATHh MPOTUB BOBI

coOpaHHbBIE C

KOJIOHOK MOXHO  HEUTPAIN30BaTh
C MCII0JIb30BAaHUEM JUATU3HON TPYyOKH € IIPeesioM
orceuenus 1000 [a.

[ mosly4eHuss BBICOKOM BOCIIPOU3BOIHU-
MOCTH INEKTPOXUMHUUYECKUX
dopmy
(Waveform) A'® (xoropas mpuBenena B maHHOM

OTKJIHKOB,

HCIIOJIb3YHTE BXOJHOTO  HMMITyJbca
JIOKYMEHTE), KOHTPOJIUPYUTE

BJIEKTPOXUMHUYECKOU

TeMIepaTypy
STYCHKH, WCIIONB3YyITE
aBTOCAMILIEP M BHIOMpANTE PEKUM aBTOCAMILIEPA
ucxons W3 OajmaHca — MEXIYy — OKeJIaeMOi
BOCIIPOM3BOJIMMOCTBIO M KOJUYECTBOM 00Opa3iia,
KOTOpPOE€ BBl IUIAHUPYETE TOTPATUTh (BBICOKAs
BOCIIPOU3BOJMMOCTh TpeOyeT Oosbie obOpasia).
dopma BXOJHOTO HMITyJbca A oOecreyuBacT
Ooiee

JUIUTEIBbHYIO JOJTOCPOYHYIO

BOCIIPpOMU3BOJUMOCTE pPE3YJIbTAaTOB, 4YEM pPaHEC

PEKOMCHAOBAHHBIC q)OpMI)I BXOIHBIX I/IMI'Iy.]'IBCOB16

19
C OJIOEHTaMH, COJIEpP)KallMMH aneTaT HaTpus .
Hnst KOHTPOJIS 3a

QJICKTPOXUMHUYCCKAA syeika

TeMnepaTypou
MOXET  OBIThH
YCTaHOBJICHA BMECTE C KOJOHKON BHYTPH MOMYJIS
AS50 TC.

TouHocTs WHXekIMi aBTocamiuiepa AS50, u
COOTBETCTBEHHO BOCIIPOHM3BOJUMOCTD  IUIOIIAIH
TTUKOB, BBIOPAHHOTO

3aBHCHUT oT pexKUMa

aBTOCaMILIepa. Haubonee TouHEIE PE3yJIbTAaThl
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MONYYarOTC B PEXKUME HHKEKIUH C TOJTHBIM
sanonaenreM netrau (full-loop). B stom pexume
aBTocamIuiep 3abupaer oOpaseln; W3  BHAJIHI,
00bEMOM B HYETHIpE pa3a MPEBBIMIAIIINM 00HEM
NeTIN UHXKEeKTopa. [1eTis MoIHOCThIO 3amoHsAeTCs
o0pa3loM, a M3IUIIKU YXOAAT B JIMHUIO CJIHBA.
3areM comep)KUMOoe METJIM MOCTYNaeT Ha KOJOHKY.
Bonee neranmpHylo HHPOpPMALUIO IO pEKUMaAM
WH)XEKTOpa MOXXHO HaWTH B
aBTocaminiepy AS50.

WHCTPYKHUU K
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DP FMT:;O);I:::;:I:ILX OtHOocuTeNbHBIH | OTHOCHTENBHBIH | OTHOCHTEJbHBIH OTKJIHNK / OTHOCHTEILHBII OTKIUK / OTrIHUK /
OTKJINK" OTKJIHNK® HCOHP orkauk / HCOH? MKMOJIb® MKr®
rpynn (HCOH)
2 8 1.00 - - 1.00 17.8 51.9
3 11 1.39 - - 1.01 22.3 44.2
4 14 1.72 - - 0.98 29.0 43.6
5 17 2.06 - - 0.97 29.8 35.9
6 20 2.33 0.74 1.08 0.93 34.5 34.8
7 23 2.59 0.82 1.03 0.90 35.7 31.0
8 26 - 0.89 0.99 - - -
9 29 - 1.00 1.00 - - -
10 32 - 1.10 1.00 - - -
11 35 - 1.20 1.00 - - -
12* 38 - 1.31 1.00 - 38.8 20.6
13* 41 - 1.38 0.99 - 40.0 19.6
14* 44 - 1.46 0.97 - 50.9 215
15 47 - 1.55 0.96 - - -
16* 50 - 1.59 0.92 - 46.0 18.8
17* 53 - 1.65 0.90 - 52.2 18.3
18-19 - - - - - 44.6 14.8
19-21 - - - - - 44.3 13.6
20-22 - - - - - 54.4 15.9

TaoJu1. 3. DIeKTPOXUMUYECKUN OTKIUK aMUJIO3HBIX OJIMTOCAXAPUJIOB.

a. Koizumi, K. et al., Journal of Chromatography. 1989, 464: 365-373
b. Koizumi, K. et al., Journal of Chromatography. 1991, 585: 233-238
c. Ammeraal, R. N. et al., Carbo. Res. 1991, 215: 179-192

11-12, 12-13, 14-15, 14-16, u 17-18

* oM. COOTBCTCTBCHHO.

SJIEKTPOXUMUYECKUN OTKITUK
OJINIO- U NOJINCAXAPULOB

XoTss B JaHHOM paboTe MBI HE H3ydYaau
BOMPOCHI,  Kacaroluecs
OTKJIMKA OJIUTO- U TOJUCAXapHJOB, 3TU JIaHHbIE

3,5,20,21
OIMIMCAHBI B JIUTCPATYPC

QJICKTPOXUMHUICCKOTO

. PaGoTbI MOCBSAIIEHBI

U3YUYCHUIO 3aBUCHMOCTH U3MCHEHHUSI
ANIEKTPOXMMUYECKOTO TIOTCHIMala OT CTEICHU
nonumepusarmn (DP). Koizumi et al®®

YTO OTKJIMK Bo3pacTtaer ¢ poctom DP. Otknuk,

TOKa3aJ,

HOpMHpOBaHHHﬁ Ha KOJIHUYCCTBO THUAPOKCHUIIbBHBIX

TpymI, Takxke Bo3pacTaeT (cMm. Tabdbm. 3). B
COOTBETCTBUM C JaHHBIMH  HAOJIOICHHSMH,
Ameraal et al *° mokasam, uro ¢ pocrom DP

BO3pacTaeT JIMHEHHBIM IIPUPOCT B OTKIMKE B
pacdere Ha MMKPOMOJIb HAHECEHHOI'O BELIECTBA, U
YMEHBILAETCSI OTKIMK B pacyeTe Ha MUKpPOTrpamMm
BemecTBa. HenaBusas pa60Ta21 MOJATBEPKIACT ITH
pe3yJbTaThl.
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APYINE ®AKTOPbI, KOTOPBbIE
HEOBXO4QUMO YYUTBIBATb

JInst SKOHOMHM JJIIO€HTa W 00pa3oBaHUS
MEHBIIETO KOJMYECTBA CIMBHBIX BOJ CYIIECTBYIOT
konmonku CarboPac B dopmare 2 X 250 mm.
Hcnonp3oBaHue BMECTO aleraTa HaTpUs HUTpaTa
HaTpUS ~ PEKOMEHIIOBAaHO  JJS  pasJelieHUi
AMIJTOTIEKTHHOB ., ABTOPBI [IOKA3aJIH, YTO HHTPAT,
SIBISIIOIIMICS 00Jiee CHIIBHBIM DIIFOCHTOM, YeM
amerar, JIydiie

HOIXOIUT  JUIA

paSBCTBHéHHHX

paszieneHus
JUHEUHBIX | YTJICBOIOB.
Hcnonp30oBaHne HUTPATHBIX ITIOEHTOB MO3BOJIHIIO
pas3aensaTh MOJUMEpHI ¢ Oobliei crenenbto (DP66
npotuB DP58 B ciydae amneTaTHBIX SIIOCHTOB).
Onnako y xommanuu Dionex Her maHHBIX,
KaCaroIUXCs a¢deKToB
WCTIOJIb30BAHNU DIIIOCHTOB Ha OCHOBE HHUTpaTa

Hatpus 1 metoga HPAE-PAD.

AOJITOCPOIHBIX npu
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NMPELQOCTEPEXXEHWA U PEKOMEHOAUUN

JInst  modydeHus HaWiydlluxX pe3yJbTaToB
samensiiite AQ/AQCIl snexTpon cpaBHCHHS Ha
HOBBII KaXKable 3-6 MeCSIIEB.

HAOrINOJIHEHUE

[lockonbky cpaBHEHHME JABYX TpPagUEHTHBIX
pa3lieNeHuil C HCIOJIb30BAHUEM TEOPETUUECKHUX
Tapenok (3QPEeKTUBHOCTEN) HE COBCEM KOPPEKTHO,
B OTOM pa3Jelie Mbl INPUBOJAUM METOJ pacuéra
émkocreil mukoB, onucaHHbii Giddings et al, u
HCIIOJIB30BAaHHBIA JUIsl CPAaBHEHUS pa3leleHui
MAaJIbTOJIEKCTPUHOB Ha Kojionkax CarboPac PA1 u
PA-100%,
Jns  pacuéra €MKOCTM TIHMKa pas3elieHus ¢
IPaJIUEHTHBIM npoduiem
UCHoNb3yHTe opmyity:

QJIFOUPOBAHUA,

EmkocTs mika = 1.5 x Bpems ananusa x
(1/Cpennsist muprHa nuka)

1.5 — 310 daxTop paspenieHus MUKOB 10 6a30BOM
JTUHUH.

Hcnone3ys manHyio GhopMyiy, Mbl MOJIYYUITH
sgauenne 191 mug xonouku PA1 u 3auenue 209
mis PA-100. Otot 10% mpupocT cOOTBETCTBYET
KOJIMYECTBY MTUKOB, UICHTUQUIIMPOBAHHBIX
MPOTrpaMMHBIM OO€CIIeYeHUEM TpPH HUHTETPUPOBA-

Huu (30 mukoB s PA1 u 33 nuka st PA-100).
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EIDI0NEX

Application Note 67

Deter mination of Plant-Derived Neutral
Oligo- and Polysaccharides

INTRODUCTION

Since it was first reported that high-performance
anion-exchange chromatography (HPAE) could be
combined with pulsed amperometric detection (PAD) to
separate and detect carbohydrates with high sensitivity
and without derivatization,® HPAE-PAD has been
applied to the determination of many types of carbohy-
dratesin alarge variety of samples.?2 Carbohydrates
were separated with the CarboPac™ PA1, a strong
anion-exchange column specifically designed to
separate mono- and oligosaccharides. In 1989, Koizumi
et a. reported that HPAE-PAD could be used to separate
linear glucose polymers with degrees of polymerization
(DP) as high as 50.2 This method was a significant
improvement over size-exclusion chromatography,
which could not resolve polymers greater than DP12,
and reversed-phase chromatography, which could not
determine polymers greater than DP30 (due to the
poor solubility of the large carbohydrates in reversed-
phase eluents). More recently, Hanashiro et al.
reported an HPAE-PAD separation of glucose poly-
mers greater than DP80.*

The high-resolving power of HPAE and its ability
to determine higher DPs than other techniques, allowed
Koizumi et al. to use HPAE-PAD to “fingerprint” the
distribution of a.1,4-linked glucose polymers from six
natural sources.® This fingerprinting capability, com-
bined with the sensitivity of PAD, allowed the determi-
nation of beet sugar adulteration of orange juice? and
the determination of the geographical origin of honey
from its oligosaccharide profile.’”

Since 1989, numerous publications have featured
HPAE-PAD analysis of oligo- and polysaccharides,
including amylopectins,®>* arabinans,® arabinoxylans,?
fructooligosaccharides,® fructans,*® galactans,*
glucoarabinoxylans,’> mannans,*® xylans,** and
xyloglucans.?® These carbohydrate polymers were
isolated from avariety of sources. In one study, the
authors determined the fructooligosaccharide content of
over 80 fruits, vegetables, and grains.®

This application note describes how to develop an
HPAE-PAD method for separating plant-derived neutral
oligo- and polysaccharides. Amylopectin and fructan
separations demonstrate column, eluent, and gradient
choices for devel oping rugged HPAE-PAD methods for
neutral oligo- and polysaccharides.



EQUIPMENT
Dionex BioL C® chromatography system consisting of:
GP50 Gradient Pump with vacuum degas option
ED50 Electrochemical Detector
EO1 Eluent Organizer
A S50 Autosampler with Therma Compartment
Dionex Chromeleon® 6 Chromatography Workstation

REAGENTS AND STANDARDS

Deionized water, 17.8 MQ-cm resistivity or better (used
for all eluent and standard preparations)

Sodium hydroxide, 50% (w/w) (Fisher Scientific)

Sodium acetate, anhydrous (Fluka, Microselect)

Inulin, chicory root (Sigma Chemical)

Inulin, dahlia tuber (Sigma Chemical)

Maltrin® MO40 (Grain Processing Corporation)

OTHER CONSUMABLES

Syringe filters (0.45-uM PVDF) (Acrodisc LC,
Gelman Sciences)

Nylon filter disks (0.2-uM, 47 mm) (P/N 66602,
Gelman Sciences)

Autosampler vials

CONDITIONS

Column: CarboPac PA1 or PA-100 Analytical,
(4 x 250 mm, P/N 35391 and 43055,
respectively)
CarboPac PA1 or PA-100 Guard
(4 x 50 mm, P/N 43096 and 43054,
respectively)

Expected Operating

Pressure: 17.2 MPa (2500 psi)

Degas: 30 severy 10 min

Injection Volume: 10 uL
Injection Loop:  25uL

Eluents: A: 100 mM or 150 mM NaOH
B: 100 mM or 150 mM NaOH/500
mM or 1 M sodium acetate

Flow Rate: 1.0 mL/min

Detection: Pulsed amperometry, gold working

electrode, Ag/AgCI reference

Waveform?®

Time (sec) Potential (V)  Integration
0.00 +0.1

0.20 +0.1 Begin

0.40 +0.1 End

0.41 2.0

0.42 -2.0

0.43 +0.6

0.44 -0.1

0.50 -0.1

Note: This waveform should only be used with a new
gold working electrode or gold working electrode that
has only been previously used with this waveform.

Collection Rate: 2 Hz

Expected 20-37 nC
Background:

Temperature: 30°C
Needle height: 2mm
Cut segment

Volume: 4 ulL
Flush volume: 100 uL

Example* Gradients:
Eluent A: 100 mM sodium hydroxide

Eluent B: 100 mM sodium hydroxide/1.0M sodium
acetate

Flow Rate 1.0 mL/min

MO040 Separation

Time (min) %A %B Curve
0.0 95 5 6
60.0 55 45 6
61.0 95 5 6
Autosampler Cycle Time: 75 min

Inulin Separation

Time (min) %A %B Curve
0.0 85 15 6
60.0 55 55 6
61.0 85 15 6

Autosampler Cycle Time: 75 min

* Other gradientsin this application note are shown in
the figures or described in the text.
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PREPARATION OF SOLUTIONS AND REAGENTS
Sample Preparation
Maltrin M040

Weigh out 25 mg of M040 and add water to prepare
a5.0-mg/mL solution. All work presented in this
application note was performed with 5.2-mg/mL M040
solutions.

Inulins

Weigh out 25 mg of inulin and add 100 mM sodium
hydroxide, prepared in the same manner as the eluent, to
prepare a 5.0-mg/mL solution. All work presented in
this application note was performed with 5.0-mg/mL
chicory root inulin and 5.5-mg/mL dahliatuber inulin
solutions.

General Advice on Preparing Samples Containing Oli-
gosaccharides for HPAE-PAD

Samples can be dissolved in water or 100 mM
sodium hydroxide (reconstitute just prior to analysis).
Higher concentrations of sodium hydroxide may be
used, but the effect on the chromatography for a given
sample, sample concentration, and injection volume
must be evaluated. Cloudy samples should be filtered
using a0.45 uM syringe filter. If samplesthat are
cloudy, even after filtration, are injected, they will
damage the guard column and clog the injector, injec-
tion valve, injection loop, or tubing leading to the guard
column. For additional advice on sample considerations
for CarboPac columns, see the CarboPac column
manual (Document #031824-02).

Eluent Preparation
100 and 150 mM Sodium Hydroxide

It is essential to use high-quality water of high
resistivity (17.8 MQ-cm or better) that contains as
little dissolved carbon dioxide as possible. Biological

contamination should be absent. Sodium hydroxide
eluent should be prepared with 50% (w/w) sodium
hydroxide. Sodium hydroxide pellets are covered
with athin layer of sodium carbonate and should not
be used under any circumstances. To prepare 2 L of
100 mM NaOH, use a 10-mL graduated plastic pipet to
deliver 10.4-mL 50% (w/w) sodium hydroxideinto 1 L
of water and then add water to reach 2 L. Stir this
solution only 1-2 min. Excessive mixing will increase
the carbonate ion in the solution by trapping carbon
dioxide from the air. After preparation, keep the eluent
blanketed under helium at 34-55 kPa (5-8 psi) at all
times. If maintained under helium, the eluent isviable
for approximately one week. To prepare 2 L of 150 mM
NaOH, dilute 15.6-mL 50% (w/w) sodium hydroxide
using the same procedure described for the 100 mM
eluent.

100 or 150 mM Sodium Hydroxide with 0.5 or 1.0 M
Sodium Acetate

Measure approximately 800 mL of water into a 1-L
graduated cylinder. Add a stir bar and begin stirring.
Weigh out 41.0 g (0.5 M) or 82.0 g (1 M) of anhydrous
crystalline sodium acetate. Steadily add the sodium
acetate while briskly stirring the water. After the salt
dissolves, remove the stir bar with a magnetic retriever
and use a 10-mL graduated plastic pipet to add 5.2 mL
(100 mM sodium hydroxide) or 7.8 mL (150 mM
sodium hydroxide) 50% (w/w) sodium hydroxide to the
sodium acetate solution. Add water to the solution to
reach afinal volume of 1 L, replace the stir bar, and stir
briefly to mix. Vacuum filter this solution through a 0.2
uM nylon filter. This step may proceed slowly if the
filter clogs with insoluble impurities from the sodium
acetate. After preparation, keep the eluent blanketed
under helium at 34-55 kPa (5-8 psi) at all times. If
maintained under helium, this eluent is viable for
approximately one week.
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Column: CarboPac PA-100 + guard
Eluent: 0 min: 100 mM NaOH/
50 mM NaOAc
60 min: 100 mM NaOH/
450 mM NaOAc
Temperature: 30 °C
Flow Rate: 1.0 mL/min
Inj. Volume: 10 Wb
Detection: PAD (Au)
0.4 — Waveform A (TN21)
Sample: Maltrin 0405.2 mg/mL
(A) Linear Gradient
uc
oy
0 T T T T T 1
0.4
(B) Concave Gradient
ucC
ny
0 T T T T T 1
0 10 20 30 40 50 60
Minutes
17016

Figure 1. Comparison of a linear and curved gradient for a
polysaccharide separation.

RESULTS AND DISCUSSION
Gradient Choice

Uncharged oligo- and polysaccharides with little or
no branching are generally separated on either a Carbo-
Pac PA1 or PA-100 column set using a sodium acetate
gradient in an eluent containing either 100 or 150 mM
sodium hydroxide. The sodium hydroxide is present to
ionize the saccharide hydroxyl groups to oxyanions so
that the saccharide binds to the CarboPac column, a
strong anion exchanger. The acetate ion is a stronger
eluent than the hydroxide ion and is used to elute the

Column: CarboPac PA-100 + guard
Eluent: 0 min at 150 mM sodium hydroxide
50 mM sodium acetate;
60 min at 150 mM sodium hydroxide
450 mM sodium acetate
Curve 6
Temperature: 30 °C
Flow Rate: 1.0 mL/min
Inj. Volume: 20 uL
0.3 Detection: PAD (Au) Waveform A (TN21)
Sample: Red Hook Beer 1:50 dilution
ucC

0 T T T T T T T T 1
0 5 10 15 20 25 30 35 40 45

Minutes
17506

Figure 2. HPAE-PAD analysis of Red Hook amber beer.

bound saccharide. Figure 1, Panel A shows the separa-
tion of Maltrin M040 on a CarboPac PA-100 column
using a gradient of 50 to 450 mM sodium acetate in

100 mM sodium hydroxide. Maltrin M040 isa
maltodextrin sample prepared from cornstarch.
Maltodextrins are nonsweet nutritive polymers of
glucose. Maltodextrins can also be classified as amy-
lopectins, glucose polymers in which the glucoses are
joined by a.1,4 linkages with occasional branches of
1,6 linked glucose. Changing the linear gradient
(curve 5) in Figure 1, Panel A to adlightly concave
gradient (curve 6), yields the separation in Figure 1,
Panel B. Although no additional peaks are identified, the
spacing between the later-eluting peaks is improved.
This gradient may improve the reproducibility of
integration and will make it easier to collect individual
peaks for purification or additional analyses. We have
found that adightly concave gradient improves separations
of carbohydrate polymersin which the later-eluting pesks
arelessresolved asthe polymer getslarger. Figure 2 shows
this method applied to the analysis of beer, which isknown
to contain amylopectins.
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Column:

Eluent:

(A) CarboPac PA-100 + guard

(B) CarboPac PA1 + guard

0 min: 100 mM NaOH/50 mM NaOAc
60 min: 100 mM NaOH/450 mM NaOAc
Curve 6

Table 1. Comparison of Peak Efficiencies

Peak # CarboPac PA-100 CarboPac PA1
4 17087 9378
8 39445 24417
12 66978 45667

Temperature: 30 °C
Flow Rate: 1.0 mL/min
Inj. Volume: 10 b
Detection: PAD (Au)
_ Waveform A (TN21)
0.50
1 Sample: 5.2 mg/mL
Peaks: 2. Maltotriose - A
uc
-0.05 T T T T T 1
0.50
B
1
uc
-0.05 | | | | | |
0 10 20 30 40 50 60

Minutes
17012

Figure 3. Comparison of the CarboPac PA1 and PA-100 columns
for a polysaccharide separation.

Column Choice

Figure 3 compares the Maltrin M040 separation on
a CarboPac PA-100 column set (Panel A) with the same
separation on a CarboPac PA1 column set (Panel B).
This figure highlights the resin differences between the
CarboPac PA1 and PA-100 columns that lead to im-
proved oligo- and polysaccharide separations on the
PA-100. The PA-100 has asmaller latex particle size
and increased latex cross-linking compared to the PA1.

These differences yield more efficient chromatography
and 10% less column capacity (90 meq vs 100 meq).
The improved efficiency is shown numerically by
comparing the efficiency of peaks from both separations
(Table 1). Thisimproved efficiency leads to the identifi-
cation (same detection parameters used for both chro-
matograms) of three more peaks on the PA-100 column.
The shorter retention times in Panel A compared to
Panel B demonstrate the lower capacity of the PA-100.
This reduced capacity causes larger carbohydrate
polymersto elute with less sodium acetate. A change in
the sodium acetate gradient of 50 to 450 mM to a
gradient of 80 to 480 mM, to account for the higher
capacity of the PA1 column, did not identify a greater
number of peaks (chromatogram not shown).

100 mM Sodium Hydroxide or 150 mM Sodium Hydroxide
In the many HPAE-PAD publications of oligo- and
polysaccharide separations, the authors have used either
100 mM sodium hydroxide or 150 mM sodium hydrox-
ide. We compared the Maltrin M 040 separation with
100 mM sodium hydroxide (Figure 4, Panel A) with the
same separation using 150 mM sodium hydroxide
(Figure 4, Panel B). Although the concentration of
eluent anions is greater at all points in the separation
with the 150 mM sodium hydroxide eluent, only the
first peak (not shown) elutes earlier in the 150 mM
sodium hydroxide separation. We believe longer
retention with the 150 mM sodium hydroxide eluent is
due to the greater ionization of sample hydroxyl groups
that leads to tighter binding to the CarboPac column.
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Column: CarboPac PA-100 and guard

Panel A: 0 min at 100 mM sodium hydroxide,
50 mM sodium acetate;
60 min at 100 mM sodium hydroxide,
450 mM sodium acetate
Curve 6

Panel B: 0 min at 150 mM sodium hydroxide,
50 mM sodium acetate
60 min at 150 mM sodium hydroxide,
450 mM sodium acetate

Curve 6
Flow Rate: 1.0 mL/min
Injection: 25 ub
Detection: PAD; Waveform A (TN 21)
0.3 1 Peaks: 1. Maltrin MO40 (5.38 mg/mL)
A
uC
0 T T T T T T T T 1
0.3 7
B
uC
0 I E— T T T |
15 20 25 30 35 40 45 50 55 61

Minutes
17502

Figure 4. Maltodextrin separation with 200 mM and 150 mM
NaOH.

This result has been previously observed for separations
of branched mammalian oligosaccharides.t” The 150 mM
sodium hydroxide eluent did not identify any more
peaks in the Maltrin M040 sample compared to the

100 mM eluent. Using 150 mM rather than 100 mM,
sodium hydroxide may be beneficial for the separation
of some samples due to improved solubility of some
larger carbohydrate polymers.

Inulin Analysis

We used what we |learned devel oping amylopectin
separation to develop inulin separations. Inulins are
fructansthat are linear $2-1 linked polymers of fructose
as large as DP60 with aterminal glucose. Figure 5
shows a comparison of inulin from chicory root

Column: CarboPac PA-100 + guard

Eluent: 0 min: 100 mM NaOH/
150 mM sodium acetate
60 min: 100 mM NaOH/
550 mM sodium acetate

Curve 6
Temperature: 30 °C
Flow Rate: 1.0 mL/min
Inj. Volume: 10 uL
Detection: PAD (Au)
0.2 Waveform A (TN21)
Sample: 5.5 mg/mL in 0.1 M NaOH
(A) Chicory Inulin
uc
0 T T T T T 1
0.2
(B) Dahlia Inulin
uc
0 T T T T T 1
0 10 20 30 40 50 60
Minutes

17018/9

Figure 5. HPAE-PAD comparison of chicory and dahlia inulins.

(Panel A) and dahliatuber (Panel B). Theinulins are
separated on a CarboPac PA-100 column using a

100 mM sodium hydroxide eluent and a curved gradient
(Curve 6) of 150 to 550 mM sodium acetate. Figure 5
demonstrates the “fingerprinting” ability of the HPAE-
PAD technique, as the inulins isolated from different
sources have different polymer distributions. HPAE-
PAD can also be used to compare different isolations or
lots of an oligo- or polysaccharide isolated from the
same source. Figure 6 shows a comparison of two lots
of chicory root inulin purchased over ten years apart.
Comparison of the peak areas (Table 2) reveals that the
older lot has a greater percentage of larger polymers.
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Column: CarboPac PA-100 and guard
Eluent: 0 min at 100 mM sodium hydroxide
150 mM sodium acetate;
60 min at 100 mM sodium hydroxide
550 mM sodium acetate
Curve 6
Temperature: 30 °C
Flow Rate: 1.0 mL/min
Inj. Volume: 10 uL
Detection: PAD Waveform A (TN 21)
Sample: A. Lot 49F7175
0.18— B. Lot 79F7105
A
uC
! i
0.00 T T T T T T T T T T 1T
0.18
B
uC
00 —T—T T 1T T T T T T T T 1
0 5 10 15 20 25 30 35 40 45 50 55 60

Minutes
17934

Figure 6. Comparison of two lots of chicory inulin.

Table 2. Comparison of Two Lots of Chicory Inulin

Peak Number

Peak Height Ratio (old lot/new lot)

3

6
10
12
14
18
23
27
31
35

0.76
0.89
0.97
0.93
0.92
0.96
0.99
1.00
1.08
113

DEVELOPING RUGGED ASSAYS OF OLIGO- AND
POLYSACCHARIDES

To develop rugged HPAE-PAD assays of oligo- and
polysaccharides, the analyst should optimize the column
reequilibration, temperature, nature of the sample,
amount of sample injected, choice of electrochemical
waveform, and autosampl er injection mode.

For good retention time reproducibility, the column
must be equilibrated to the starting gradient conditions
prior to each injection, and the reequilibration period
should be tightly controlled. In all separations shown in
this application note, the column set was reequilibrated
at initial conditions for 15 min (15 mL), with the first
minute used to return from the final gradient condition
to the starting condition, prior to the next injection. We
controlled the reequilibration time by setting the AS50
Autosampler cycle time to 15 min (flow rate was
1 mL/min) after the separation’s final gradient time point.
Controlling the column temperature by placing the
column set in the AS50 Autosampler Thermal Compart-
ment (TC) also increases retention time reproducibility.
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Column: CarboPac' PA-100 and guard

Eluent: 0 min at 100 mM sodium hydroxide
50 mM sodium acetate;
60 min at 100 mM sodium hydroxide
450 mM sodium acetate

Curve 6
0.5 Temperature: 30 °C
Flow Rate: 1.0 mL/min
Inj. Volume: 10 uL
0.4 Detection: PAD Waveform A (TN 21)
Sample: Maltrin M040 5.38 mg/mL
0.3+
uC
0.2+
0.1+
L]
OF—T—T1T 71 7 T T T T T T T 1

0 5 10 15 20 25 30 35 40 45 50 55 60
Minutes

17933

Figure 7. Comparison of maltodextrin separations 1 and 32.

The nature of the sample(s) must also be consid-
ered. Many oligo- and polysaccharide samples are
prepared by the acid or enzymatic hydrolysis of alarger
polymer. For example, amylose and amylopectins are
prepared by hydrolyzing starch. Samples prepared in
this manner can still contain small amounts of very
high-molecular-weight material that will not elute from
the column during a method designed to elute all the
major peaks. After multiple injections, the loss of
column capacity due to these large polymers will cause
the retention times of later-eluting peaks to shorten. To
demonstrate this retention time loss, we made 32
consecutive separations of Maltrin M040 using the
method in Figure 1A. Figure 7 compares the first
injection to the last injection. The retention times are the
same for the first 18 peaks, but are shorter for all the
later-eluting peaks in the 32nd injection. Figure 8 shows
that this effect isaresult of tightly bound sample that is
not eluted by the separation method. The lower chro-
matogram is a blank injection (10 uL water) made prior
to the 32 Maltrin M040 injections, and the upper
chromatogram is a blank injection made immediately
after the 32 Maltrin M040 injections. The separation
method used for this comparison was the same as that
used for the 32 Maltrin M040 injections, except that the
column was washed for 10 min with 100 mM sodium

Column: CarboPac PA-100 and guard

Eluent: 0 min at 100 mM sodium hydroxide
50 mM sodium acetate,
60 min at 100 mM sodium hydroxide
450 mM sodium acetate
Curve 6
61 min at 100 mM sodium hydroxide
600 mM sodium acetate
70 min at 100 mM sodium hydroxide
600 mM sodium acetate

Curve 5

Temperature: 30 °C

0240 7 Flow Rate: 1.0 mL/min
Inj. Volume: 10 ub
Detection: PAD Waveform A (TN 21)
Sample: Deionized water
Blank after
32 maltodextrin injections

uc

Initial Blank

0.000 T T T T T T T

0 10 20 30 40 50 60 71
Minutes

17938

Figure 8. Blank injections (with wash) before and after 32
maltodextrin separations.

hydroxide 1 M sodium acetate after the final gradient
point. This comparison shows that there were sample
components that did not elute from the column during the
32 injections. Although we could eliminate this problem by
washing the column after each injection, extraanaysis
time would be required. The amount of time between
column cleanings can be determined based on which peaks
oneisinterested in measuring (i.e., if one wished to
quantify any or al of thefirst 18 peaks of this separation, a
column cleaning would only be needed every 32 injec-
tions). If, in this separation, only the first 20 peaks are of
interest, the injection amount could be reduced, which
would further increase the times between column
cleanings. To determine if the CarboPac column needs
to be cleaned, inject a known sample, such as the
chicory root inulin shown in Figure 5, Panel A. A
standard of chicory root inulin aliquoted into a number
of small vials and stored in afreezer could be used as a
system suitability standard to judge retention, response,
and overall performance of the chromatography system.
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Column: CarboPac PA-100 and guard
Eluent: 0 min at 150 mM sodium hydroxide
170 mM sodium acetate;
5 min at 150 mM sodium hydroxide
225 mM sodium acetate;
40 min at 150 mM sodium hydroxide
300 mM sodium acetate;
55 min at 150 mM sodium hydroxide
335 mM sodium acetate;
80 min at 150 mM sodium hydroxide
450 mM sodium acetate
Temperature: 30 °C

Flow Rate: 1.0 mL/min
0.6 Inj. Volume: A. 10 uL
‘ B. 50 uL
C. 100 uL
Detection: PAD Waveform A (TN 21)
Sample: Maltrin M040 (5.2 mg/mL)

qu ‘”"N

A

uC

-0.1 T T T T T T T T T !
0 5 10 15 20 25 30 3% 40 45 50

Minutes
17502

Figure 9. Effect of sample overload on oligosaccharide
chromatography.

Another possible cause of reduced retention times,
especially for later-eluting peaks, is an injection of too
much sample. Figure 9 shows the effect of injecting
increasing amounts of Maltrin M040 on the CarboPac
PA-100 column set. Note the flattened peak shapes and
reduced retention times of the later-eluting peaks.
Sometimes, sample isintentionally overloaded to collect
larger amounts of a given peak or peaks for a separate
analysis. Alternatively, the CarboPac PA-100 is avail-
ablein a9 x 250 mm format or custom packed in a
22 x 250 mm column body. When collecting fractions
from a4 x 250 mm CarboPac column, the Carbohydrate
Membrane Desalter (CMD) can be used to convert the
sodium hydroxide and sodium acetate eluent into dilute
acetic acid that can be removed by vacuum drying.*® The
CMD can remove up to 350 mM Na' at 1.0 mL/min.
Fractions collected from larger CarboPac columns can
be neutralized with acetic acid and dialyzed against
water using 1000-dalton mw-cutoff dialysis tubing.

To obtain the best reproducibility of electrochemi-
cal response, use Waveform A (the same as used here),
control the temperature of the electrochemical cell, use
a properly functioning autosampler, and choose an
autosampler injection mode that balances the reproduc-
ibility desired with the amount of sample you wish to
expend (the best reproducibility requires using more
sample). Waveform A provides better long-term repro-
ducibility than the previously recommended wave-
forms!® with sodium acetate-containing eluents.’® To
control temperature, the electrochemical cell can be
installed inside the AS50 TC, along with the column set.

The precision and accuracy of AS50 injections, and
therefore peak area reproducibility, depends on the
mode of injection. The most accurate and precise
injections are made in full-loop injection mode using a
calibrated sample loop. In this mode, the AS50 draws
four times the loop volume from the sample vial and
deliversit to the injection valve. The middle portion of
the sampleis positioned in the loop and injected. For
loop sizeslessthan 17 ul, 2.5 times the loop volume
plus 25 ulL isdelivered to the valve. Peak area precision
for full-loop injections of 25 uL istypically 0.3% RSD.
To conserve sample, use either the partial-loop or the
partial-loop, limited-sample (Partial LS) injection mode.
In the partial-loop mode, the AS50 draws the volume to
be injected from the sample vial, plus two times the cut
segment volume. (The cut segment volume is a portion
of the sample discarded from each end of the aspirated
sample to improve accuracy.) The middle portion of the
sampleis positioned in the loop and injected. For best
precision and accuracy when using one of the partial-
loop injection modes, install a sample loop that is at
least two times the injected volume. Peak area precision
for partial-loop injections of 10 uL istypically 1%
RSD. A 10-uL partial-loop injection with a cut volume
of 10 uL uses 30 uL of sample. The AS50 in Partial LS
mode wastes no sample and usually provides precision
of 1-2% RSD. See the AS50 reference manual for a
complete discussion of the different injection modes.
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Table 3. Electrochemical Response of Amylose Oligosaccharides

DP # HCOH Relative Relative | Relative Response | Relative Response |Response per | Response per
Response? Response® per HCOH® per HCOH? umole© uge
2 8 1.00 - - 1.00 17.8 51.9
3 11 1.39 - - 1.01 22.3 442
4 14 1.72 - - 0.98 29.0 43.6
5 17 2.06 - - 0.97 29.8 35.9
6 20 2.33 0.74 1.08 0.93 345 34.8
7 23 2.59 0.82 1.03 0.90 35.7 31.0
8 26 - 0.89 0.99 - - -
9 29 - 1.00 1.00 - - -
10 32 - 1.10 1.00 - - -
11 35 - 1.20 1.00 - - -
12* 38 - 1.31 1.00 - 38.8 20.6
13* 41 - 1.38 0.99 - 40.0 19.6
14* 44 - 1.46 0.97 - 50.9 215
15 47 - 1.55 0.96 - - -
16* 50 - 1.59 0.92 - 46.0 18.8
17* 53 - 1.65 0.90 - 52.2 18.3
18-19 - - - - - 44.6 14.8
19-21 - - - - - 443 13.6
20-22 - - - - - 54.4 15.9

a Koizumi, K. et al., Journal of Chromatography. 1989, 464. 365-373.
b Koizumi, K. et al., Journal of Chromatography. 1991, 585: 233—-238.

ELECTROCHEMICAL RESPONSE OF OLIGO- AND
POLYSACCHARIDES

Although not investigated in this application note, a
few publications have studied the relative electrochemi-
cal responses of oligo- and polysaccharides.®>>%?! These
publications investigated the change in electrochemical
response as amylose and amylopectin DP increased.
Koizumi et al.*® showed that response increased with
DP. This change could be normalized to an increase per
hydroxyl group (Table 3). Consistent with those obser-
vations, Ammeraal, et al.?° showed that as DP increased,
there was a linear increase in response per micromole
injected, and the response per microgram injected
decreased. A more recent publication confirmed these
observations.?
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¢ Ammeraal, R. N. et al., Carbo. Res. 1991, 215: 179-192.
* Forref. ¢, 11-12, 12-13, 14-15, 14-16, and 17-18, respectively

OTHER CONSIDERATIONS

For analysts who wish to consume less eluent and
produce less waste per injection, the CarboPac columns
are availablein 2 x 250 mm formats. The use of sodium
nitrate in place of sodium acetate has been reported for
amylopectin separations.?? The authors reported that
nitrate, a stronger eluent that acetate, affected better
separations between linear and branched, and was able
to distinguish a higher DP for amylopectin (DP58 for
acetate and DP66 for nitrate). Dionex has not eval uated
the long-term effects of using sodium nitrate eluents for
HPAE-PAD.

PRECAUTIONS AND RECOMMENDATIONS
For best results, the Ag/AgCI reference electrode
should be replaced every three to six months.

Determination of Plant-Derived Neutral Oligo- and Polysaccharides




APPENDIX

Becauseit isnot entirely accurate to compare two
gradient separations by using theoretical plates (efficien-
cies), in this appendix we use the peak capacity method
reported by Giddings to compare the maltodextrin separa-
tions on the CarboPac PA 1 and PA-100 columns.®

To calculate the peak capacity of agradient separation,
thefollowing formulais used:

Peak Capacity = 1.5 x Run Time x (1/Average Peak Width)

The 1.5 isthe resolution factor for basaline resolution.
Using thisformula, we caculated avalue of 191 for the
PA1 and 209 for the PA-100. This 10% increase matches
that seen for the number of peaksidentified using the same
integration parametersin the software (30 pesks for PAL
and 33 for the PA-100).
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Fisher Scientific, 2000 Park Lane, Pittsburgh, Pennsyl-
vania, 15275-1126 USA, 1-800-766-7000,
www.fishersci.com.

Sigma Chemical Company, PO. Box 14508, St. Louis,
MO 63178 USA, 1-800-325-3010,
www.sigma-aldrich.com.

Fluka Chemika-BioChemika, Fluka Chemie AG,
Industriestrasse 25, CH-9471, Buchs, Switzerland,
+81 755 25 11.

Gelman Sciences, 600 S. Wagner Road, Ann Arbor, Ml,
48106-1448 USA, 1-800-521-1520,
www.pall.com/gel man/
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Maltrin is a registered trademark of the Grain Processing Corporation.
BioLC and Chromeleon are registered trademarks, and
CarboPac is trademark of the Dionex Corporation.
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