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Abstract—Absolute configurations of 6-(1-hydroxyalkyl)pterin derivatives are
determined by fluorescence detected circular dichroism (FDCD) spectroscopy.
This method is at least 10 times more sensitive than CD analysis and specific even

existence of 10 times excess amounts of chiral sugars or nucleic acids.

Optically active 6-(1-hydroxyal kyl)pterin1 is one of the most important nitrogen heterocyclic compounds
in living organisms.z_5 The structural analyses of biopterin, neopterin, and the related pterin derivatives
in body fluid, urine, serum, cell extracts, and so on obtained from various kinds of animals and micro
organisms have been carried out mainly by using CD and HPLC methodologi 05,6’7 and, in particular, only
CD analysis was the straightforward technique to determine the absolute configuration of pterins.
Although the combination of CD and HPLC is a powerful tool to study structures of tetrahydropterins such
as biopterin cofactor,8 its applications to aromatic pterins were insufficient because of lower and higher
sensibilities toward the desired subject and chiral contaminants, respectively. Recently, we found L-threo-
monapterin (1) and D-threo-monapterin (2) as major pterins in cell extracts of Escherichia coIi9 and

Tetrahymena pyriformi s10 with very low concentrations, respectively, using fluorescence detected circular
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dichroism (FDCD) spet:trosx:opy.ll’12 In this paper, we would like to describe the scope and limitation of

the FDCD method for structural analyses of biopterin, neopterin, and the related compounds.

EXPERIMENTAL

Materials. The compounds (1, 2), L-erythro-biopterin (3: the major metabolite of biopterin cofactor), D-
erythro-biopterin (4), D-threo-biopterin (5), L-threo-biopterin (6), (R)-6-(1,2-dihydroxyethyl)-pterin (7),
and (9-6-(1,2-dihydroxyethyl)pterin (8), were prepared by the condensation of 2,5,6-triamino-4-
hydroxypyrimidine with phenylhydrazone derivatives of corresponding sugars as sited in the

1314 Purities of these pterins were confirmed by HPLC analyses.

references.
CD and FDCD Spectra Measurement: CD spectra were recorded on a JASCO J-720 CD spectrometer, and
FDCD gspectra were detected on a JASCO FDCD-357 module connected to a JASCO J720 CD
spectrometer. Both CD and FDCD spectrawere takenina 1.0 x 1.0 x 5.0 (cm) quartz cell at 22 °Cina0.2
M potassium phosphate buffer solution (pH 5.3). FDCD spectra were measured by fixed voltage (HT),
which DC output voltage from the detector was adjusted to 1.2 V at 275 nm, and represented as excitation
spectra,12 Since the CD analyzer observes absorption of light and FDCD observes fluorescence
(emission) intensity, both spectra of the same sample should appear as opposite figures.  Therefore

observed FDCD spectra were treated to show the same figures as CD spectra. 12

RESULTS AND DISCUSSION

Relationship between Cotton Sgn and Configuration of Pterins. CD and FDCD spectra of 3 and 4 with
concentrations equal to 2.11 x 10'5 M are shown in Figure 1. Positive and negative Cotton effects were
observed in the case of 3 which hasthe 1'R and 2’ S configuration at 238 and 211 nm, respectively. On the
contrary, the diastereomer (5) with the 1'R and 2'R configuration exhibited positive and negative Cotton
effects at the similar wavelengths, correspondingly. Thence, CD spectra of 6-substituted pterins might be



caused by the influence of the chirality on the C(1’) position, and the R configuration would afford the
positive Cotton effect at 238 nm. The opposite sign in CD spectra would be observed on pterin derivatives
with the 1'S configuration. Signs in CD spectra of compounds (1—8) at 300—220 nm in the same

concentration are summarized in Table 1 together with those FDCD spectra.
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Figure. 1. CD and FDCD spectra of 3 and 4.

Tablel. CD and FDCD Spectra ([08]/mdeg) of Pterins 1—8.

compoundsa)/ configuration of C(1')

method W;lvel/ength
mex/ M IS 2/R 3R 4/s 5R 6/S 7/R 8/S
203 +214 -075 -235 +1.75 -0.78 +092 -0.67 +0.52
211 0 0 0 0 0 0 0 0
CD 227 281 +363 +291 -2.06 +210 -1.98 +1.92 -158
238 0 0 0 0 0 0 0 0
245 +191 -126 -158 +1.07 -1.04 +0.84 -0.96 +1.32
211 0 0 0 0 0 0 0 0
231 058 +058 +064 -070 +0.70 -050 +0.72 -0.37
FDCD
238 0 0 0 0 0 0 0 0
246 +129 -129 -097 +084 -096 +1.07 -094 +1.10

3 c=197x10°M (Land 2), 2.11 x 10° M (3—6), 2.39 x 10° M (7 and 8).

In Figure 1 and Table 1, it is obvious that FDCD spectra were amost same as CD spectra at the 300—220
nm region. Since both CD and FDCD spectra of those compounds are caused by the same pigment (2-
amino-4-hydroxypteridine) and chirality, the hypothesis that 1'R and 1’ S configurations give the positive
and negative Cotton effects, respectively, at 238 nm is reasonable. In spite of the optically isomeric
structures, FDCD curves of 3 and 4 at 400—300 nm are not symmetric. The phenomenon is well



explained by LD (linear dichroism) of these compounds.lS’16

FDLD (fluorescent detected LD) signals of
these compounds are strong enough to interfere with FDCD in the wavelength area over 300 nm, and the
FDCD curves overlapping with the FDLD curves are observed. Thus, the optically isomeric structures of
those pterins are distinguishable by FDCD spectra at the 220 —300 nm region.

Lower Detection Limit: When sample solutions (¢ = 2.11 X 10'5 M) of 3 and 4 were diluted to the 1/10
concentration, the typical CD curves could be hardly recognized. On the other hand, both enantiomers can
be well recognized by FDCD spectra even in the 1/50 concentration (4.2 x 10'7 M), as shown in Figure 2.
Therefore, the FDCD method is at least 10 times more sensitive than CD in the case of biopterin and the

related pterins.
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Figure2. FDCD spectraof 3and 4 (c=4.2x 107 M).

Effect of Chiral Contaminants: There are many chiral compounds in samples obtained from cell and body
fluid of animals and microorganisms. Since aimost all of these optically active compounds, such as sugars,
amino acids, nucleic acids, and so on, are CD active, structural analyses of naturally occurring pterins
using CD spectra sometimes might be interfered by the existence of these chiral contaminants. In order to
elucidate the specificity, CD spectra were observed on 9:1, 1:1, and 1:9 mixtures of a solution of 3 (c =
2.11x 10'5 M) and solutions of some chiral molecules, such as D-ribose, L-tyrosine, guanosine, uridine, L-
tryptophan, and ascorbic acid (c = 2.11 x 10'5 M, respectively), and results are summerized in Table 2.
There, “OK” means that the chirality is distinguishable and “NO” means not distinguishable. CD spectra
of mixtures of 3 (c = 1.90 x 10'5 M) and 1/9 equivalent of D-ribose, L-tyrosine, or guanosine (¢ = 2.11 x
10'6 M) were nearly same as that of original 3. However, CD spectra of mixtures of 3 and uridine, L-
tryptophan, or L-ascorbic acid with the same concentrations (c = 1.06 x 10'5 M) were different from 3. On
the contrary, the chiralities of 3 and 4 (c = 2.11 x 10'6 M) are distinguishable by FDCD even in the
presence of 10 times amounts of D-ribose, L-tyrosine, guanosi ne,17 and uridine (c = 2.11 x 10'5 M).

Because of the fluorescent nature of L-tryptophan and strongly reductive character of L-ascorbic acid, these
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Table2. CD and FDCD Spectra of 3in the Presence of Chiral Compounds.a)

CD spectra FDCD spectra

chiral compound 3/the chiral compound 3/the chiral compound
10 1 /10 10 1 110
D-ribose OK OK NO OK OK OK
L-tyrosine OK NO NO OK OK OK
guanosine OK NO NO OK OK OK
uridine NO NO NO OK OK OK
L-tryptophan NO NO NO NO NO NO
L-ascorbic acid NO NO NO NO NO NO

#10, 1, And 1/10 mean that concentrations of 3 were 1.90 x 10, and 1.06 x 10, and
2.11x 10° M, respectively. “OK” means that the the chirality of 3 is distinguishablein
the solution, and “NO” means not.
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Figure3. CD and FDCD spectraof amixtureof 3 and D-ribose.
Curvel: 3 (c 1.90x 10 M) and D-ribose (2.11 x 10 M) curve2: 3
(1.06 x 10> M) and D-ribose (1.06 x 10°> M).
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Figure4. CD and FDCD spectra of a mixture of 3 and %uanosme
Curvel: 3 (c 1.92 x 10 M) and guanosuge (211 x 10 " M); curve 2:
3 (1.06 x 10 M) and guanosine (1.06 x 10 © M).



compounds disturbed FDCD observation of pterin. CD and FDCD spectra of 3 in the presence of various

concentrations of D-ribose and guanosine areillustrated in Figure 3 and Figure 4, respectively.
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The effect of LD is significant when the substrate has larger ability to polarize light and smaller
values of CD at the corresponding wavelength.

Since FDCD spectrum of guanosine is weak at A = 200 — 300 nm, it does not disturb the FDCD
observation of pteridines. Guanosine: FDCD (c = 8.05 x 10'4 M), A/nm ([8]/m deg) 205 (-0.002);
212 (0); 221 (+0.007); 232 (0); 248 (-0.018).



