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Abstract

The simple, effective, and sensitive method for analyzing monosaccharide composition of fucoidan using
UPLC-DAD-TOF/MS combined with precolumn derivatization by 3-methyl-1-phenyl-5-pyrazolone (PMP) reagent.
This method is used to identify and quantify the monosaccharide composition in fucoidan from Sargassum horneri.
The UPLC method with PMP precolumn derivatization is reported (simple, rapid, convenient and reproducible)
and it also proved to be suitable for the UPLC analysis of fucoidan. Also, this method can be used for determination
of monosaccharide contents in other seaweed polysaccharides by changing the pH value of the mobile phase. In
order to ensure reliability, this analytical method was validated by analyzing the linearities, precisions, and recovery
rates of mixed standard solutions of mannose and other monosaccharides. Fucoidan derived from S. horneri is
composed of mannose, glucose, galactose, xylose, glucuronic acid, rhamnose and fucose, with the fucose content
found to exceed 50% of the fucoidan composition. The results of this study help to structurally analyze the fucoidan
from 8. horneri. 1t is expected that the analytical method established in this study will be useful for the standardization
and development of functional raw materials from S. horneri.
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WA | 22 E-F(phaeophyta)®] EAVY I Sargassaceae)
TS (Sargassum)©l| &8 A o] RAMRK(Sargassum
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AlEE 2017 59 SellA] FAG Ao BATS
horneri) x5S T8t AHESIH o™ 5-10 cmZ AT
g F AE 7o 40ue] FAFE o] &ste] ER
% 30 min F<F 4ot o] B4 F& A AT T 50Tl A
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k A 272 (Arium comport I, Sartorius, Germany)ol| 4] A&
resistivity 18.2 M - cm, TOC 2 ppb ©]3}<] ultrapure water
grade® APSSATE VRO B B Y BAe
mannose, thamnose, glucuronic acid, glucose, galactose,
xylose 3! fucose ETEA S T3S & A= Lot
10,000 pg/mLe] ETH NS FA St o] & 10-500 pg/mL
o] FEHSRE M AL EFEFEH R AFLSISITh
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T A 2oA Wsisinh el S rHl AlEE 045 im PTFE
membrane syringe filter(Whatman International, Maidstone,
UK) 2.2 ]33} & 2 M sodium hydroxide(NaOH) S ©] &3}
o] pH 72 24 ¢ tha A= Fe] 30 mLo] H =5 %83
ol
AA

3-Methyl-1-phenyl-5-pyrazolone(PMP) Fx=xl|&}
7hrEslE HEH-t PMP 54 922 Honda 5(15)
o e wet ZheEel AlE 2 mLE #HStd 05 M
PMP-MeOH £-913} 03 M NaOH £ 7} 2 mL % #7}slo]
W T 70CE )] 7FEE 8204 30 min B9t
HESAIZ] £ Ao A Hhdsith o] 03 M HCl 2 mLE
A7vste] g Eo] P42 wW7hA] <F 1 min FF wrela
chloroform 4 mLE 7}sted & T3 20°C, 1,500 pm =
15 min F<F Y428t PMP-fr=A4 8= o] 9] A
AAsIF oW 4] 45N 045 pm PTFE membrane
syringe filterZ ©]3} & UPLC-DADZ 413}1t}. Fucose
T THAETEIE T WHO R Helste] APol=at
W fref) Faojde] vl 24 9 ks glsisith

UPLC-DAD-TOF/MS £4%x#

F f el 9 248 2 I ERle Sl
7FrEsl & =4 81 (derivatives) 9] PMP-sugars< T}
37 7 Z7](photodiode array detector, PDA)7} “F2+¢
UPLC(Nexera XR, Shimadzu, Kyoto, Japan)$} UPLC-ESI-
TOF/MS(LCMS-IT-TOF®, Shimadzu)& ©| &3} t}. B4
H™ L& Capeell Core Cig(2.1 mm L1.d.x150 mm L, 2,7 um,
Shiseido, Tokyo, Japan)< AF&-3l% 1L ©] % 42 100 mM
ammonium acetate(A) 2} acetonitrile(B)= 80:20% (viv)& &
g8 2P0 AAsta S 02 mminZE 3} o]wf
o] ZAe] pHE 4-7 W9]9] 27l A Z} PMP-sugars®] ¥-2]
A4S gste] HA9 20 AESGT 29 25=
35TE frAlsta Al 8E 5 ILE FUUT A9
O 3o ® 200-600 nm 9= Al TelEdE
PMP-sugars®] UV ~HEAZ skolste] Ao Foab4
(wavelength of maximum absorption, Ap,) o2 IZFIEL
A Ve AH 24 AR ol
(electrospray ionization, ES)E ©]-83}%] 2.1 positive ion
mode® A 3Ith ESI capillary?] A4S 45 kV,
nebulizing gas(N2)¢} drying gas= Zt2t 1.5 L/min¥} 150
kPaZ A7 39t} CDLY} block heaters 200C 2 A7 3F5
31, tlo]E 3] A1ZH2 0.3 min(event time 300 msec, repeat
3, ion accumulation 10 msec) S 2 3}t HaEA W=
my/z 100-1,0002.2 A7 si3ith. AF 24 A3} shimadzu
A}e] LCMS solution(ver. 3.60)¥} accurate mass calculator
AL AZEZ o]l formula predictor(ver. 1.2)5 -&3}o]
3 41819] o1, TOF(time of flight) 2% £417]1& 37|29l

tune A3 Z +0.005 Da ©]ste] HF & F%(mass
accuracy)E FAISHAAM & APS FPsIith

MU AS

AT f854 A5S 98 244 (linearity), 78
A (precision), 7 2Hd (accuracy), 7 Z3H|(limit of detection,
LOD) 2 7 &34 (limit of quantitation, LOQ)Z 2-<13}%]
o} ol sl 2 feAlste] By AR R
T&A} PAPo|EARE FE2E A REE UF SR UPLCE
2A3te] 7k Aol Aeld oz FalH A Eelaie
] AZetEa#do] (37} UV 2 mass spectrum®] %]

& vla, ERlsant A SREFEYS 9
Aoz Y TER 3|3l 33] vkE 4%t & HERAS
24 sko] w23 A #A S (correlation coefficient, 17) S
AhEste] ZRlstitt. FE/d-2 di(intra-day) BHE 4]
< 538 A EFH 2} elative standard deviation, % RSD)
= of gl a, gL FA R 9 TR
H RN st Y AAY A E A
£ o2 3|5 E(recovery) = 1t AZESHA
FeHAl e dEde] 718719 EFHAE o] &5t

& 43t gol WEHY

H

LOD=3.3§/S
LOQ=106/S

6 : The standard deviation of the response
S : The slope of the calibration curve

BE A3 53] o]} vHE Z4eial, AdA kel 9
S A8 98te] SPSS® statistics ver 23(IBM®,
Armonk, NY, USA)E o]l HHEE ttesto} LAul =]
4HE4 (one-way ANOVA) 2|31 Tukey b range test=
A 87 Foaks AAsta o Ave Had 2EAAt
(mean+SD)Z FA| 3}

A0 ¥ &

HeF fAsE(PMP-sugars) 2 22 &4 % 3

FHo|te AEH 0= Dische 2 E el Y= A
AATABE BBFEAE o8 HAReDeR B
A8 e F e AEA Soll @A Ak Fe]
w3t o] 2 FAJshE e e Aol o 2y
tho] EAekA] kol A& Fel 93 Als = 24l

B7ls3stel HPLCY AlaF Z4HE& 7 =7|(differential
refractive index detector, RID)Y} 324l 33t = A3}
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Fig. 1. UPLC chromatogram of PMP-labeled monosaccharide standards (A) and PMP-derivatives of acid hydrolysates of S. horneri (B).
Peak 1, mannose (Man); 2, thamnose (Rha); 3, glucuronic acid (GlcA); 4, glucose (Gle); 5, galactose (Gal); 6, xylose (Xyl); 7, fucose (Fuc).

g 714 AZrtE I o) £A4(22)8t ot B
A9 frEAls=] o] HolAl= EAI7E Uk o
ol Honda 5(13)°l] 28] ¢t PMP =43 S BTl =
UPLC-DAD(-ES)-TOF/MS EAH < & g3f0] g1 27 &
# FHo|dhe] TR 242 EQlst7] 913t PMP-sugars
e 545 AESS

PMP =8} WHH-S desialylation =+ desulfation®]
Jojupr] b= vlwd e &% 7oA Bl A3E
bis-PMP =4 $H&(PMP-sugars)©] 4714 48 of| A <F
3l So]&2] A S u]al, 245 nm(e=30,000 L-mol™-cm™)e]]
A Ao g3l dolut H71skehA HEo] kg AeR
H 3 ETh?23). o]df & AFoA e 7HEsld Yol
2 AEY EPETFENAS PMP FEAS vHE ¥
UPLC-DAD¢®]| 23] #2315 2, PMP-sugars® Z}Z}
2] peakell thall 200-600 nm Heo|A UV ~HEH
A8 A2}, A= 245 nm=E YR Suzuki®} Honda(23)
o] Ao} dA|et= Aoz 15Tt PMP-sugarsel| t
slo] UPLCE o] 8¢+ #8]27S Rao 524 WS A&
5193 21} PMP-galactose(PMP-Gal), -xylose(-Xyl) % -fucose
(-Fuc)7} H-2]=A] 9%k PMP-sugars®] 2| Ed 4
(peak tailing)e] Loy} o] F7ke] 243} &2 =7 (elution
mode)= AR 3ATE ©]F 4= 100 mM ammonium
acetate(A) 9} acetonitrile(B) &3+-&-nje] H] &S 2]l
PMP-sugars®] ™5 A]7Hretention time, tg)= H] 13} Tk
1 A3}, %7] 10%(v/v) acetonitrile® 5 min F<F X 3k

N

tlo M o

- 20%(v}v) acetonitrile = “FA1 7 A ARt Fb FA] 6
S= o F™F PMP 39 M JFgs ¥ Fn
PMP-sugars®] 2] (resolution)©| 1.5 o]’3 .2 YEFGTH
(Fig. 1). B8 PMP-sugars®] 2]l theh o] 54| pHO| F3F
= #EASIH = pH SVl wet & HAste Ao R
YERsEaL, pH 7 ©]/3el]4] PMP-thamnose} PMP-glucuronic
acid®] &% A7 A== Ao I ArhFg. 2).
UPLCel 9J8] £2]¥ 718 PMP-sugars ] %-& ESI-TOF/
MSE- ©]-&-3}] positive ion modeol|A] FAelA 1 A ~
# E & (mass spectrum)2] molecular ion peak®] o] &
E45 aEste] T3 tHTable 1). PMP-sugarse
[M+H]" 2} [M+K]"2] ©]& g2l o2 YElt o fucose 5
o] aldose®} ketose el TFHF EF carbodiimide
(RN=C=NR)¢} Z31H-g-o]| <& A3 bisPMP =43}
E(Fig. 3)(13)2 =] PMP F=A3} k3o &z
(dissociation) ¥ 2] 231 PP A o 7 FA = Z1g gls}
ATt Peak 1, 4 2 55 myz 5102187, [M+H]'Z} myz
549.1746, [M+K]"9] E&EA} o] &(molecular ion)°] &3}
A ERlER e Fx24  ztolo] wet aldohexose?l
mannose, glucose 3 galactose peak?] &ZEA]|7to] zlo] 7}
U= Ao el Peak 2, 72 mjz 4952238, [M+H]' <]
molecular ion®] 7%= ©] methyl pentose® rhamnose(6-
deoxy-L-mannose) 9} fucose(6-deoxy-L-galactose) 2 213}
Tk Peak 3-& myz 525.1980, [M+H]"©] 715 °] glucuronic
acid2 5% =t} 53] glucuronic acid= glucoseol|l A
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Fig. 2. Effect of pH values of the chromatographic eluent on
retention times.

Peak 1, mannose (Man); 2, rthamnose (Rha); 3, glucuronic acid (GlcA); 4, glucose
(Gle); 5, galactose (Gal); 6, xylose (Xyl); 7, fucose (Fuc).

Eluent, 20% (v/v) acetonitrile in 100 mM ammonium acetate buffer. Analytical condition
was described in Table 1.

BN

== Bik(sugar acid)2] ¥ F<] hexuronic acid - ZA] 3
7 Y FEUTHY FHAECR EAlste R
g4 Itk T3 peak 6= m/z 481.2028, [M+H] 2} m/z
519.1640, [M+K]" 2] molecular ion®| 73 %% ©] aldopentose
A £ xyloseo & 7% 5% thFig. 4).

BEMH M HAS

A o] HApE FFo|eke]
3918 €13 UPLC-DAD #A41H
23} o] YEFTE Mannose 5 x
& 10-500 mg/Le] W= @A R ST 5 F
3§ UPLCE #Mste] 7h Bpe] ddil= 2Mdsta
A e AEst A4S gRlatsth PMP-sugars -
2] mannose, thamnose, glucuronic acid, glucose, galactose,
xylose & fucose?] & 0.9999 | o2 BF 943 24
g JERISITE FEA2 Aol EARE -FEE Al
E ddez 1Y 58 vt BNsi9n o 29, 74 9=a
WA o] A EEHAH(% RSD)E 0.03-0.63% 2= LR}
AOAC 7| =81R1(25) 712 1%ol3tel F33tsth &
& IS S8k eIt SBAc| Rt FE5E
Al 20, 50 100 mg/Le] E3ETEN-S H7lste] UPLC
2 FAst e 2A8] e e AR S BEE
2 A4kl 34ES AEsHTh 2 SRS AV iEE
&0l w2} mannose?] 3]5&-2 98.45-108.21% 2.2 E}
%31 rhamnose 97.32-101.31%, glucuronic acid 89.21-97,87%,
glucose 92.76-103.56%, galactose 98.56-106.21%, xylose
94.53-109.76% 18] 3L fucose 97.11-105.21% % 3+l o]
AOAC 7ol =8}21(25)21 70-125% n|vhol] R5% ZZ31%
ok A& 9 H el = o T AEH Wedeld
7hol =21R1(26)9] ¥hg-o] EFA Aot Hid e 7]&7]
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Table 1. Identified seven monosaccharides of chromatographical and their mass spectrometric data from the fucoidan of S. horeners

ESI(+)-TOF/MS result Identification
Peak tR 7\max
# (mn)  (nm) Meas. mass Theor. mass Error Predicted formula
fon (m2) (m2) mDa)  (bis PMP-sugrs) Compound MF.
[M+H]' 5112152 5112187 35
S 'S 49,1693 491746 53 CutbaNOr Mannose CHO,
2 Wl 246 [MeH) 4952192 4952238 46 CaHNiOg Rhmnose CHin05
301629 46 [MeH) 525.1935 525.1980 45 CosthsNO Glucuronic acid ~ CeHiO;
[M+H]' 5112125 5112187 62
M (VK 549.1693 549.1746 53 CuthaNOr Glucose Cots
[M+H]* 5112169 2112187 -18
5 2207 247 [M+K]+ 549.1683 549.1746 63 C26H30N4O7 Galactose C6H120(,
[M+H]* 4812035 4812082 47
6 24.79 247 [M+K] + 519.1587 519.1640 53 C25H23N406 XleS@ C5H1005
7 97 4T MeH 4952199 4952238 39 CosHaoNOs Fucose CHi0s
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Table 2. Result of method validation for the derivatized monosaccharides

Piak Monosaccharide Calcilt])lrf:g on Sg%jfjll%tgl? I(){y?iliiso[r;; Acc(l%cyz) (ulé/?I?L) (u]g/)n?L)
1 Mannose y=24011x-1143 0.99996 0.52 98.45-108.21 213 6.46
2 Rhamnose y=23929x-27180 0.99996 042 97.32-101.31 1.60 4.85
3 Glucuronic acid y=21409x+99533 0.99991 0.36 89.2197.87 1.03 313
4 Glucose y=21549x+10714 0.9999%4 0.18 92.76-103.56 1.03 311
5 Galactose y=24412x-11303 0.99999 0.69 98.56-106.21 1.14 346
6 Xylose y=30281x-35587 0.99999 0.29 94.53-109.76 1.14 344
7 Fucose y=23932x-12315 0.99995 0.30 97.11-105.21 0.76 231

DPrecision was evaluated using five replicates performed on a intra-day.

YAccuracy was measured of the closeness of the analytical result of the true value determined by analyzing a spiked sample.

HO /.:\k\,j;;/«\

HO\ _—— \_OH
OH

Monosaccharide
PMP

OH /Z \N
< 4 N NaOH / MeOH

HaC N\Nj /\/\

/
OH —
I OH
HO’"‘“«T’Q""‘OH
OH HC s
N
\ N

Bis-PMP derivative

Fig. 3. Derivatization reaction of monosaccharides with 3-methyl-1-phenyl-5-pyrazolone (PMP) reagent.
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Fig. 4. Mass spectra of PMP-sugars derivatization in Electrospray ionization (positive ion mode) TOF/MS analysis.
Peak 1, mannose (Man); 2, rhamnose (Rha); 3, glucuronic acid (GlcA); 4, glucose (Gle); 5, galactose (Gal); 6, xylose (Xyl); 7, fucose (Fuc).
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Table 3. Content of monosaccharide of fucoidan from .S, Aorneri
Content (mg/g dried weight)

Monosaccharide” t-value
Raw material Hot-water extract
Man 2234006 5624012 -31.033"
Rha 1.23+0.01° 1.78+0.03" -1306”
GlcA 03420.01° 2.60£0.01° -39.952°
Gle 2012004 17.31:061° 142,467
Gal 16.34+0.42° 34.06+041 -167.939"
Xyl 4324008 9.1240.32¢ 28.449”
Fuc 28.16+0.42" 101.82+2.85* 220816"

DMan, mannose; Rha, thamnose; Glc A, glucuroic acid; Glc, glucose; Gal, galactose;
Xyl, xylose; Fuc, fucose.

DValues are meanSD.

Walues with different letters within the same column are significantly different (p<0.05)
by Turkey b range test.

9p<0.01, “p<0.001; significant difference between raw material and hot-water extract
is indicated by t-test.
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