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Abstract

UDP-apiose, a donor substrate of apiosyltransferaséabile because of its intramolecular
self-cyclization ability, resulting in the formatief apiofuranosyl-1,2-cyclic phosphate. Therefore,
stabilization of UDP-apiose is indispensable feravailability and identifying and characterizimg t
apiosyltransferases involved in the biosynthesapabsylated sugar chains and glycosides. Here, we
established a method for stabilizing UDP-apiosagibulky cations as counter ions. Bulky cations
such as triethylamine effectively suppressed thygattation of UDP-apiose in solution. The half-life
of UDP-apiose was increased to 48.2.4 h at pH 6.0 and 2% using triethylamine as a counter
cation. UDP-apiose coordinated with a counter cagioabled long-term storage under freezing
conditions. UDP-apiose was utilized as a donor tsatesfor apigenin T-p-b-glucoside
apiosyltransferase to produce the apiosylated gigeaapiin. This apiosyltransferase assay will be

useful for identifying genes encoding apiosyltranases.
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1. Introduction

Apiose, a branched-chain pentose found in a widietyeof plants as a secondary metabolite [1], was
originally discovered as a sugar component of ldnohe glycoside apiin [2]. Apiin,
apigenin-70-p-p-apiofuranosyl-(+2)--p-glucopyranoside, is found in winter-hardy planisisas
parsley and celery. Nearly 1,200 glycosides coirtgiapiose residues have been identified [1].
Their aglycons include phenolics, terpens, terpasiaiyanogenic glycosides, and alcohols.
Although the role of apiosylation is unclear, soshadies suggested that apiosylated compounds
serve as cryoprotectants [3,4] and protect agakiditive stress [5]. Apiose residues are alsodoun
in apiogalacturonan and rhamnogalacturonan Il (RGahich are pectic domains of the plant cell
wall [6,7]. The apiose residue in RG-1I provideaf$ald for crosslinking with boron, resulting inegh
formation of a rigid cell wall by pectin dimerizati [8,9]. Defects in the dimerization of RG-II
resulting from a low-boron supply [10] or alteraisoin the structure of the side chain containirgg th
apiosyl residue in RG-Il [11,12] caused growth de&fen Arabidopsis. Recently, apiose was detected
in the acid hydrolysate of methanolic extracts fremme bacteria species, although the structure of
the apiosylated glycosides has not been deternjirgil4].

UDP-a-p-apiose (UDP-Api) serves as an apiose donor farsyfated compounds. This
compound was first identified in parsley, as thiel &ydrolysate of its sugar nucleotides fraction
contained apiose [15]. UDP-Api was synthesized ftdldP-glucuronic acid (UDP-GIcUA) by
UDP-Api/UDP-xylose (UDP-Xyl) synthase (AXS) [16,17]his enzyme catalyzes both
decarboxylation of UDP-GIcUA and the subsequerdrrangement of the carbon skeleton and ring
contraction to form UDP-Api [18,19]. The synthesfdJDP-Api and UDP-Xyl occurs
simultaneously, and these molecules cannot becorigerted [17]. Arabidopsis contains tAXS
genes AXSL andAXS2) and both are expressed in all plant tissues,esigg thalAXS genes have
housekeeping function in Arabidopsis [17]. Knockaogéant ofNbAXSL from Nicotiana

benthamiana lacking theAXS2 homolog resulted in severe defects in body devetoy, abnormal



structure of the cell walls, and reduction of apiasuggesting that an aberrant structure of RG-II
causes severe phenotypical changes [20].

Apigenin 70-B-D-glucoside apiosyltransferase (EC 2.4.2.25) useB44pi as a donor
substrate to synthesize apiin [21]. Polygalactwaaid apiosyltransferase, which is involved in the
synthesis of RG-Il or apiogalacturonan, is thoughise UDP-Api as a donor substrate, although
their activities have not been detected so farclBemical characterization or gene identification of
these apiosyltransferases has not progressed leed@F-Api is not commercially available.
UDP-Api is quite unstable in solution and easilgideled to apiofuranosyl-1,2-cyclic phosphate and
UMP [19, 22] by intramolecular nucleophilic substibn of phosphate with the hydroxyl group at
the 2-position of apiose (Fig. 1A). The half-lifel@DP-Api is 97.2 min at 25 °C and pH 8.0 [23],
which is the optimum pH for the AXS reaction. ThUSP-Api synthesized enzymatically began to
degrade spontaneously. At acidic pH, UDP-Api isrddgd toa-p-apiose and UDP with a half-life
of 4.67 min (pH 3.0 and 40 °C) [23]. Previous sasdshowed that apiosyltransferase activity [14,21]
depends on UDP-Api instantaneously formed by AXIs& @etection of such UDP-Api highly
depends on real-time nuclear magnetic resonanceRjNidectroscopy [24]. The NMR spectra
observed for the AXS reaction mixture were derifrech resulting compounds such as UMP,
a-p-apio-furanosyl-1,2-cyclic phosphate, UDP-Xyl, amttlegraded UDP-Api [24]. Therefore,
establishing a method for stabilizing UDP-Api ispontant for understanding the dynamics of apiose
bothin vivo andin vitro.

In this study, we aimed to determine the effetsulky counter cations on UDP-Api stability
and half-life, to utilize it as a donor substrate dpiosyltransferases. Our method will improve the
availability of apiose, which contributes not oihdythe characterization of apiosyltransferases and
identification of their corresponding genes, bsoab clarifying the roles of apiose residues in

secondary metabolites or pectins.



2. Resultsand Discussion

2.1 Enzymatic synthesis of UDP-Api

UDP-Api is immediately degraded to UMP and apiofwsyl-1,2-cyclic phosphate under alkaline
conditions [23]. To prevent the degradation of UBI; the effect of counter cations oriented to
UDP-Api was investigated. The counter cations vpeeglicted to bind the phosphate group of
UDP-Api and escape from nucleophilic attack by2lé€@H group om-apiose to the adjacent
phosphate group (Fig. 1A), resulting in degradatibdDP-Api.

AtAXS1, AXS fromArabidopsis thaliana, catalyzes the generation of UDP-Api and
UDP-Xyl from UDP-GIcUA [17] (Fig. 1A). The recombamt AtAXS1 protein was reacted with
UDP-GIcUA in 100 mM sodium phosphate buffer, pH.& Be reaction was stopped after incubation
with the enzyme at 2%C for 4 h and then further incubated for 4 h atdhme temperature. This
reaction mixture was analyzed by reverse phase HFh€ reaction yielded only UDP-Xyl and
UMP, which was a degradation product of UDP-Apg(HiB, upper panel). This agreed with
previous results showing that UDP-Api produced bgoRS1 is immediately degraded in this
solution [17,19]. When the reaction was performedd0 mM triethylamine phosphate buffer, pH
8.0, an additional peak, which appeared to be UPR\&as detected (Fig. 1B, lower panel). The
molecular mass of the compound in this peak ma$35.1, which agreed with the calculated mass
of UDP-Api (m/z535.0) (Fig. 1C). However, its molecular mass alswesponded to that of
UDP-Xyl and thus this peak was further analyzed P-#bi degrades to UDP and Api under acidic
conditions [23]. Incubation of this compound in 4tiluoroacetic acid at 95C for 30 min
generated Api but not Xyl (Fig. 1D). The triethylera salt of the compound dissolved ipgDwas
analyzed byH and 2D'H-'H-COSY NMR spectroscopy (Fig. 1E and Fig. S1). Themical shift
and coupling constant values of the ribose andluiags agreed well with those of typical
UDP-sugars [25]. The chemical shifts of'HRI3"a, H3'b, H4'a, and H4b of this compound (Table
1) were similar to those of fraeapiose [26]. COSY analysis of the compound (FiD. r@vealed the

connectivity from HY (5.61 ppm, apparentd; > 4.7,J1-p 5.4 Hz) to HZ (3.91 ppm, ddJ;- > 4.7,
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Jop 2.2 Hz). However, another connectivity pattern wasobserved, indicating that no proton
attached to the carbon atom betweeri @& C4. The remaining peaks reflect the geminal protons
of H3"a/b J37a3b 11.6 Hz) and H4"a/bJg4 41, 10.3 Hz). The chemical shift of Hlnd the values of
Ji» pandJy- o show the linkage between the anomeric apioseuesidd phosphate of UDP. These
assignments of UDP-Api do not contradict thoseheftentatively generated UDP-Api in the
reaction mixture containing UDP-Xyl, UMP, andb-apio-D-furanosyl-1,2-cyclic phosphate [24].
No signals derived from the degraded compoundsi?pi (UMP and
a-p-apioD-furanosyl-1,2-cyclic phosphate) were observedesé NMR spectra (Fig. 1E). These
analyses demonstrate that this product was UDPg&piwing that its triethylamine salt form was

relatively stable in aqueous solution.

2.2 Effect of counter cations on the stability of UDP-Api

Triethylamine in the reaction mixture for enzymairoduction of UDP-Api suppressed the
degradation of UDP-Api, suggesting that a counatioa for UDP-Api may protect from a
nucleophilic attack of 20H to the phosphorus atom. Therefore, other varamines were
investigated to determine their effects on theibtalof UDP-Api. Triethylamine, a counter catiori o
phosphate buffer, was substituted for each amime L HDP-Api was produced enzymatically under
the conditions shown in Fig. 1B. The undegraded tApPwas quantified after a 4-h incubation at
25°C in the presence of each counter cation (Fig. ®)en sodium ion was used as a counter
cation of phosphate buffer in the reaction mixtwrdy 6.2+ 1.1% of UDP-Api remained. In
contrast, a substantial amount of UDP-Api remaiinethie reaction mixture when bulky tertiary
amines such ds-ethyldiisopropylamine (90.6 2.1%),N,N-diethylcyclohexylamine (89.2 2.9%),
and triethylamine (82.% 5.7%) were used as counter cations of phosphditer bdon-bulky amines
such as ethylamine were less effective. Compan$adine effects among triethylamine (825.7%),
diethylamine (61.2 1.5%), and ethylamine (10421.7%) showed that the bulkiness and/or

hydrophobicity of the amines affected the stabiiaof UDP-Api.
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Triethylamine was selected as a counter catid@®-Api for further analysis because of
its high efficiency for stabilizing UDP-Api and bagse of its convenience. The optimal
concentration of triethylamine phosphate buffer,§#6} in the reaction mixture for UDP-Api
production was 100—200 mM. Triethylamine is empilticknown to stabilize UDP-arabinofuranose
[27],which is comparatively unstable because itdrasxial 2’-OH similar to UDP-Api does. The
preference of counter cations for stabilizatiotJ@fP-arabinofuranose would be similar to that for
stabilization of UDP-Api.

To investigate the efficiencies of triethylamine stabilizing UDP-Api at different buffer
pHs, the time course of the remaining UDP-Api inkebuffer at 25C was plotted (Fig. 2B).
UDP-Api was declined logarithmically in the bufievestigated. These results were used to estimate
the pseudo first-order rate constant for the deagrad of UDP-Api and the half-life of UDP-Api
(Table 2). The half-life of UDP-Api in 100 mM sodiuphosphate buffer, pH 8.0, was $£.0.1 h.
This value is consistent with a previously repontatlie (1.6 h in 50 mM potassium phosphate
buffer, pH 8.0) [23]. The substitution of sodiunmiwaith triethylamine extended the half-life of
UDP-Api to 22.5+ 1.4 h. Lowering the pH to 6.0 extended the h&f4o 30.5+ 0.5 h. Simultaneous
substitution of sodium ion with triethylamine arne iowering the pH to 6.0 prolonged the half-life
of UDP-Api to 48.1+ 2.4 h. The substitution of the sodium ion forttriigamine and changing the
pH from 8.0 to pH 6.0, increased the half-life dB-Api. Both effects independently contributed to
the stabilization of UDP-Api. Thus, the half-lifé¢ dDP-Api was more than 30-fold longer at pH 6.0
with triethylamine than that at 8.0 without triekyine (Fig. 2B and Table 2). The enzymatic
synthesis of UDP-Api could be carried out at pH G®wvever, the AXS enzyme activity at pH 6.0
was around 40% of the activity at pH 8.0 underptesence of 100 mM triethylamine phosphate
buffer. The maximum final yield of UDP-Api was ologed when the enzymatic synthesis was
carried out at pH 8.0 and the product was storguHa.0 in the presence of triethylamine. Therefore
the enzymatic synthesis of UDP-Api was carriedaiydH 8.0 in the presence of triethylamine in this

study.



The stabilization of UDP-Api was temperature-degeent (Fig. 2C). In the sodium
phosphate buffer (pH 8.0), nearly all UDP-Api waghded at 25 °C after a 4-h incubation. In
contrast, UDP-Api was relatively stable in thettrigamine phosphate buffer (pH 6.0) at less than
25 °C. Even when triethylamine was used as a cogat®n, nearly all UDP-Api was degraded at
50 °C over 4 h of incubation. Storage at low terapees led to the stabilization of UDP-Api and the
compound could be stored at -80 °C for at leasb@ths without degradation. This is a practical

storage condition for UDP-Api.

2.3 Detection of apiosyltransferase activity

The presence of apiosylated sugar chains and gieos plants suggests that some
apiosyltransferases are encoded by plant genorhesarfount of UDP-Api prepared in this study
was sufficient for use as a donor substrate ofsfti@mnsferase. The activity of parslegtroselinum
crispum apigenin 70-B-p-glucoside apiosyltransferase (PcApiT), which cates the formation of
apiin, can be detected using transiently generfdi28-Api [21]. This PcApiT activity was
investigated using the UDP-Api prepared in thigigta'he crude extract of parsley young leaves
[28] was used as an enzyme source. The reactiommigontaining 5S@M apigenin
7-O-B-p-glucoside, 1 mM UDP-Api, and crude enzyme soluti@s incubated at 2% and pH 7.0
[29]. The 2-h incubation of the reaction mixturengeted new compounds observed on a
revered-phase chromatogram (Fig 3A). The elutiore tcorresponded to that of authentic apiin. The
molecular mass of this compound [M-klas m/z 563.7 (Fig. 3B), which agreed with itsoéted
molecular mass. These results show that a bulkgteogation for UDP-Api had no fatal inhibitory
effect on apiosyltransferase activity. Tikg and apparentnyax values for apigenin
7-O-B-p-glucoside were 118 6 uM and 3.28+ 0.81 nmolminthg™ protein, respectively (Fig. 3C).
ThisKn, value is equivalent to those reported previoug8).[ TheK, and apparentax values for

UDP-Api were 920 230uM and 7.5+ 1.1 nmolmin™thg™ protein, respectively (Fig. 3D).



More than 20 nucleotide sugars have been identifigdiant cells and are required for the
biosynthesis of various glycan compounds includgiegondary metabolites and plant cell wall
polysaccharides [30]. Each nucleotide sugar igzatllas a donor substrate for specific
glycosyltransferases. However, numerous sugar otidés are not commercially available, partially
because of the instability of some nucleotide ssighine method for stabilizing nucleotide sugars
with counter cations presented in this study caagied to stabilize and isolate other unstable
sugar nucleotides such as UDP-arabinofuranoseIR@r®& CMP-Kdo [32], which are critical
compounds for the biosynthesis of plant cell wallypaccharides.

Developing an assay for evaluating apiin-synthapiosyltransferase activity will be useful
for further biochemical characterization of thigzyme. Additionally, UDP-Api is used for
biochemical assays involving pectin rhamnogalactanoll-synthetic apiosyltransferase. These
biochemical assays can be used to identify genssdérg apiosyltransferases based on the progress

of plant genome science.

4. Materialsand Methods

4.1 Materials

cDNA (pda01652) encodingtAXS1 was obtained from the RIKEN BioResource Centear@hi,
Japan) [33]B-NAD" and UDP-GIcUA were purchased from Sigma (St. LoMi®, USA) and
Yamasa (Tokyo, Japan), respectivélyN-DimethylcyclohexylaminelN,N-diethylcyclohexylamine,
diisopropylamineN,N-diisopropylethylamine, trimethylamine, ethylamikgthylamine,
triethylamine, hexamethylenediamine, bis(2-amingi@gdmine, and isophoronediamine were
purchased from Fuijifilm Wako Pure Chemical Corpora{Osaka, Japan). Apigenin
7-O-B-p-glucoside and apiin were obtained from Ark Phafmiifigton Heights, IL, USA). UDP-Xyl

was synthesized as described previously [25].

4.2 Enzymatic synthesis of UDP-Api



The recombinant AtAXS1 protein was prepared asrdest previously [17]. The enzymatic
synthesis of UDP-Api was carried out in a reactidrture comprising 100 mM triethylamine
phosphate buffer, pH 8.0, 50 mM UDP-GIcUA, 0.5 mMIN' and 10ug/uL of the purified protein.
The reaction mixtures were incubated at 25°C forahd the reaction was terminated by adding
phenol/chloroform/isoamyl alcohol (25:24:1, v/iviigllowed by vigorous shaking. The water phase
containing the reaction products was obtained Inyrifegation (22,000 g at 4°C for 5 min) and
subjected to analysis.

The reaction products were separated and monitpredreversed phase (RP)-HPLC
equipped with a UV detector. RP-HPLC was performgidg an Inertsil ODS-3 column (436250
mm; GL Sciences, Tokyo, Japan) with an L-6200 liggeht pump and L-4000 UV detector (Hitachi
High-Technologies, Tokyo, Japan) at a flow ratd.@ mL/min. The mobile phase was composed of
100 mMN,N-dimethylcyclohexylamine phosphate buffer, pH @be eluted fractions were

monitored by measuring the absorbance at 262 nm.

4.3 Effect of counter cations on the stability of UDP-Api

UDP-Api generated by enzymatic reaction was incedbat 25°C for a further 4 h in the presence of
various amine compounds. The undegraded UDP-Apiquastified by RP-HPLC. The reported
values are the averages of three independent exgets with standard errors. To determine the
half-life of UDP-Api in the presence of counterioas, the AtAXS1 reaction was carried out and
stopped as described above. Next, the reactioruneixtas incubated at 25°C. The residual

UDP-Api was quantified from the RP-HPLC peak areld DP-Api at each time point.

4.4 Sructural analysis of UDP-Api
The UDP-Api produced enzymatically was purified @otlected by RP-HPLC. The molecular mass
of UDP-Api was determined by flow injection into BEMS-2020 mass spectrometer equipped with

a LC-20AD HPLC pump (Shimadzu, Kyoto, Japan) dow frate of 0.2 mL/min of 50% acetonitrile.
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The lyophilized UDP-Api was dissolved inO (D, 99.9%), freeze dried, and then dissolved4i® D
again for NMR analysisH-NMR spectra (1D, 2D-COSY) were recorded with ZPE600HR

NMR spectrometer (JEOL, Tokyo, Japan) at ambienpterature. Acid hydrolysis of UDP-Api was
conducted in 4 M trifluoroacetic acid at 90°C f& @in. The acid hydrolysate was separated using
an UnisonUK-Amino column (4.8 250 mm; Imtakt, Kyoto, Japan) and detected with an
ELSD-LTII evaporative light scattering detector {8hdzu). The column was equilibrated with 95%
acetonitrile in distilled water at a flow rate aDImL/min at 45°C. Linear gradient elution was

performed by decreasing the concentration of adeterto 70% over 25 min.

4.5 Apiosyltransferase assay

The young leaves (1 g) of parslédp{um petroselinum L.) were pulverized with a pestle onice in 1
mL of extraction buffer containing 150 mM Tris-HBUiffer, pH 7.0, 30 mM ascorbic acid, and 0.1%
2-mercaptoethanol. The homogenate was centrifug2d,@00 x for 10 min at 4°C. The enzyme in
this supernatant was concentrated using Amicoratllf centrifugal filter units (Millipore, Billerica
MA, USA) and used as the crude enzyme solution.afhigenin 70-p-b-glucoside
apiosyltransferase assay was conducted wighNd@pigenin 70-p-b-glucoside, 1 mM UDP-Api,
and 8.0ug/uL of a crude enzyme in 100 mM Tris-HCI buffer, pH,7containing 50 mM NacCl for 2
h at 23°C. The reaction products were separatd®fByPLC using an Inertsil ODS-3 column at a
flow rate of 1.0 mL/min with an isocratic flow 002 acetonitrile containing 0.1% trifluoroacetic
acid for initial 5 min, followed by a linear graditefrom 20 to 40% acetonitrile for 20 min. The
eluates were monitored by absorbance at 330 nmKflandVax values of the enzyme were
determined by assaying with various concentratadregpigenin 70-p-b-glucoside (50—-20QM) or
UDP-Api (125-1,00QuM). The mean values of triplicate experimentaldhgitandard deviation were
plotted on a Michaelis-Menten plot, and the kinpécameters were calculated. Kinetic data were
calculated by non-linear regression analysis uBingm version 8 (GraphPad Software, San Diego,

CA).
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Figurelegends

Fig. 1. Enzymatic synthesis of UDP-Api using triethylamine as a counter cation. A) The

scheme of enzymatical preparation of UDP-Api angrdéation of UDP-Api in solution. AtAXS1
catalyzes conversion from UDP-GIcUA to UDP-Xyl adBP-Api. UDP-Api is degraded to
apiofuranosyl-1,2-cyclic phosphate and UMP. B) Asad of the reaction products of AtAXS1 in
the presence of triethylamine. UDP-GIcUA was redetégh AtAXS1 in the absence (upper panel)
and presence (lower panel) of triethylamine asumtar cation at 25 °C for 4 h, stopped, and then
incubated at the same temperature for an additbhalThe products were separated by reversed
phase HPLC. The peaks were identified by companatinthe elution time (black wedges) of
authentic UMP and UDP-Xyl. UDP-Api was identifiegl the following analyses. C) Mass
spectrum of UDP-Api determined by ESI-IT MS in negaion mode. The calculated molecular
mass of [M-H] ions of UDP-pentose was 535.1. D) Monosacchaniddyais of the acid
hydrolysate of UDP-Api. The acid hydrolysates of RHRyl (upper panel) and UDP-Api (lower
panel) were analyzed with an UnisonUK-Amino coluamd detected with an evaporative light
scattering detector. The peaks were identifieddmgmarison with the elution time (black wedges)
of authentic Xyl and Api. EYH-NMR spectrum of UDP-Api. Each peak was assigmethf

2D-COSY spectrum of UDP-Api. The chemical shiftpodtons are shown in Table 1.

Fig. 2 Effect of counter cationson UDP-Api stability. A) Percentage of undegraded UDP-Api in
the presence of various amine compounds. The UDRvAp incubated in 100 mM phosphate
buffer, pH 8.0, containing each amine compoundoasiter cation at 25°C for 4 h. The values are
presented as the average of three independentimguees with standard errors. B) Time-course of
degradation of UDP-Api in various buffers. The mamage of undegraded UDP-Api in the buffers
at 25 °C was plotted against time. The buffers wget 100 mM sodium phosphate buffer, pH 8.0
(closed diamond), 100 mM sodium phosphate buffidr6® (closed circle),100 mM triethylamine

phosphate buffer, pH 8.0 (open diamond), and 100tmé¢hylamine phosphate buffer, pH 6.0
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(open circle). The mean values with standard efiarthree independent experiments are plotted.
The pseudo-first order rate constants for the akgran of UDP-APi and half-lives of UDP-Api in
the buffers are shown in Table 2. C) Thermal sitgtoff UDP-Api. The percentage of undegraded
UDP-Api in the buffers at various temperature fdr were plotted. The buffers used were 100 mM
sodium phosphate buffer, pH 8.0 (closed diamon@, M sodium phosphate buffer, pH 6.0
(closed circle),100 mM triethylamine phosphate byfpH 8.0 (open diamond), and 100 mM
triethylamine phosphate buffer, pH 6.0 (open cixcldhe mean values with standard errors for

three independent experiments are plotted.

Fig. 3 Apiin-synthetic apiosyltransferase activity. A) The activity of apigenin T-p-p-glucoside
apiosyltransferase from parslé3gtroselinum crispum (PcApiT). The crude enzyme containing
PcApiT was reacted with UDP-Api and apigeni®-3-D-glucoside used as a donor and acceptor
substrate, respectively, at 23°C for 0 h (upperepand 2 h (lower panel). The peaks were
identified by comparison with the elution time betauthentic apigenin @-B-p-glucoside (white
wedge) and apiin (black wedge). B) The moleculassma the PcApiT product determined by
ESI-IT MS in positive ion mode. The calculated noolar mass of [M-HJions of apiin is 563.7.

C) Michaelis-Menten kinetics of PCApiT on apigef®-B-D-glucoside. D) Michaelis-Menten
kinetics of PCApiT on UDP-Api. The mean valuesriblicate experimentals with standard
deviation were plotted. The solid lines represigttheoretical non-linear regression fits of the

data.
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Supplementary data

Fig. S1. The 2D 'H-'H COSY NMR analysis of UDP-Api. Relevant cross-peaks are labeled as in

Fig. 1E. Proton chemical shifts are reported inl&db
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Table 1. *H signal assignment of UDP-Api. The value for proahemical shifts of the UDP-Api

triethylamine salt in RO at 28C are shown.

Apiose H1" H2” H3"a/3"b H4"al4’b
o (ppm; 5.61 3.91 3.5C 4.0C
Ribose H1' H2' H3’ H4' H5'a/5’b
o (ppm; 5.8¢ 4.21 4.21 4.1¢€ 4.1C
Uracil H5 H6
o (ppm] 5.87 7.8¢€

Chemical shifts are in ppm relative to internalCHsignal set at 4.72 ppm.



Table 2. Pseudo first-order rate constant for the degradation of UDP-Api and haf-life of UDP-Api

in the various buffers.

Pseudo first-order rate

Buffer constant (h'9) Half-life (h)
100 mM Sodium phosphate buffer, pH 8.0 0.29 + 0.03 10+£01
100 mM Triethylamine phosphate buffer, pH 8.0  0.013 £ 0.001 225+14
100 mM Sodium phosphate buffer, pH 6.0 0.0099 £ 0.0001 30.5+0.5
100 mM Triethylamine phosphate buffer, pH 6.0  0.0063 + 0.0003 481+ 24
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Highlights
» UDP-apiose was stabilized in the presence ahtylamine.
* The half-life of UDP-apiose was increased to 48it solution.

* Apiin-producing apiosyltransferase activity wasetted using UDP-apiose.



