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The presence of a remarkably high concentration
of pteridiineS in the blue green alga, Anacystis ni-
dulanis5, wvas demonstrated by Forrest, van Baalen, and
Myers in 1957 (2). A number of (lifferent pteridines
were then isolated and ideentifie(l. These included
2-amino-4-hydroxypteridine, 2,6-diamino-4-hydroxy-
pteridline (10), a yellow pteridine assigned the struc-
ture 2-aimino-4-hydroxv-6-propionvl-5,8 or 7,8-di-
hydropteridine (4), and a glucosidle of 2-amino-4-
hydrox--6-- (dihydrox-prop-l ) pteridline (biopterin)
(fig 1) (3). Subse(quetnt work has slhown that prol-
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FIG. 1. Structural formuia for biopterin. In the glu-
coside (compound C), the glucose is attached either at
the 1' or at the 2' carbon.

ablv all of these compounds are artifacts of isolation.
This is based onl the fact that Anacvstis can be treated
in a numtber of different ways to give varying amounts
of these compoulndls. Thus if the algcal cells are
simp)ly placed on the origin of a paper chromatogram,
and( the chromatogram is developed with an ammnlonia-
cal solveInt, the pteri(dines which can bhe i(lentifiedl
after (levelopmiient include 2-amiino-4-hydroxypteri-
dine, 2,6-dianlino-4-hydr-oxvpteri(line, and the yellow
pteridinie accoml)anie(l by a light dleconll)osition prod-
uct. On the other hand, when cells are allowed to
stand(l in the growth mledliumii at 40 for 24 to 48 hoturs,
the pr-iincipal compoun(l releasedl in the miiediumii is
the yellow pteridine. Finally if the cells al-e acidlifiecd
with acetic acidl aln(d tlhen treatedl with soli(d miianganese

Received October 20, 1960.
2 Supported by the Robert A. Welch Foundation,

Houston, Tex., by a PHS research grant, RG-6492, from
the National Institutes of Health, Public Health Service,
ancd by National Science Foundation grant no. G-8917.

* Present address: Kitchawan Research ILaboratory of
the Brooklyn Botanical Gardein, Ossining, N. y.

dioxile, the sole pteridine obtained frolmi Anacystis
is the glucoside of biopterin (Compound C) (6).
These experimlents, along with the chenmical evidlence
oIn the variety of products arising during the reoxi-
(lationi of a reduced pteridine ring (10) leaad to the
concept that there is a single coimipoundlpreseint in the
intact cells which readily breaks dowln. wheni the cells
,are manipulatedl, to give the products in(licated above.
This comiipound( probably contains the carboni skeleton
of the glucoside of biopterin, but it miay be a tetra-
hvdro or dihydro derivative wvith possibly an exocyclic
(louble bond. Attempts to delineate its strutcture
more rigorously have not been successful.

In plreliminary experimiients. it was note(d that other-
blue-greeln algae behaved somewchat simiiilarly to
Anacystis when treatedl under the conditiolns mleni-
tionedl above. Howxever, when the acetic acid/mani-
ganiese (lioxi(le technique, which gives only one
pteridline, was discovered and applied to these otlher
algae, it was foundl that they gave dlifferent but close-
ly relate(d blue fluorescenit pteridlines. A systematic
stu(dy theln revealed that altlhouglh the comlpoutnl(ls pro-
duced by this treatmiienit coul(d readily be distinlguiislhe(l.
the only (lifference between themii (except in onle case
to be (liscusse(d later) lay in the sugar \% hich vts

attaclhedl to a coimonil mlolecule, 2-amino-4-hydroxv-
60-dihvll-oxv propylpteridline (biopterin). This was
shown )by hydrolyzing the comlpounldIs witlh aci(l after-
whiclh biopterin coukl be idlentifiedl by comlparisoll
wvith an autlhenitic specimlen. The aci(l hydrolysate in
any particular case also contained a sugar, wllich has
been i(lentifie(d or tentatively i(lentifie(d by paper
chromatography. Since only smlall (luanitities of these
Nwere available it hias not been possible to apply ilmore
rigorous imetllo(ds of i(lentificationi to the glycosi(le
comlponienits of the imiolecule.

In the case of oine alga, a SynecllocNIstis, acidI
hydrolysis of the plro(luct obtaineld in the usual way,
pro(luce(d a sugar (glucose) and a pteridline, wvhich
was i(lentifie(d bv conmp)arisom with ani autlhenitic sample
(5) as 2-alllinio-4-]iN-hd-ox--6-,-yd(Irox)inletllvlpteri-
(dine. So far as wve are aw-atre, this conlpound(I has
inot been plre\iously isolated froull nattul-al sotur-ces.

MIATERIALS & MIETHODS
Nine strains of blue green algae were exaline(l.

WVith the exception of a mlarine fornm aIld one otlle-,
these wvere obtaine(d througll the courtesy of Dr. J.

240



HATFIELD ET AL--PTERIDINES IN BLUE GREEN ALGAE

Myers from cultures maintained in the Laboratory of
Algal Physiology, University of Texas. Their orig-
inal source is also listed: Anabaena zvariabilis
(Kiitzing), obtained from R. C. Hecker as Cylindro-
spermum; revised identification by E. G. Pringsheim.
Nostoc nuiscorumi (Kiitzing), (Gerloff's strain), ob-
tained from G. C. Gerloff. Anabaeuta cylindrica
(Lemmermann), obtained from M. B. Allen. Ana-
cystis nidlulans (Richter) tentatively identified by F.
Drouet. TX27 unidentified strain, however, it is a
blue green alga containing phycoerythrin. Synecho-
cystis (Gonzalez strain), obtained from Dr. W. A.
Kratz. Synechocystis, high temperature strain,
tentatively identified by H. D. Cobb. Synechococcus,
obtained from M. B. Allen. Synechocystis, obtained
as a lyophilized powder by courtesy of Dr. T. S.
Bannister from the Photosynthesis Project. Univer-
sity of Illinois. Apparently, a live culture of this alga
is no longer available. Nostoc sp. (Kutzing), marine
form, isolated by one of us (C. V. B.) from Long
Island Sound, N. Y.

The algae were grown in large test tubes (3.5 X
29.5 cm) colntaining 125 ml of Medium C (7) sup-
plemented with extra nitrate. Illumination was pro-
vided by tNwo 20 w fluorescent lamps placed on each
side of the culture tubes, giving about 500 ft-c on each
side at the level of the tubes. Air, enriched with
0.5 % carbon dioxide was bubbled continuously
through the medium. Anacystis ididulans and Syn-
echocystis, the twvo high temperature strains, were
grown at 370; the rest were grown at 250 C. The
marine species was grown in a similar manner using
the ASP-2 medium of Provasoli et al (8).

The harvested cells (ca. 0.5 g dry wt/tube) from
6 tubes were resuspended in water (5 ml), and dilute
acetic acid (2.5 N; 10-15 ml) and manganese dioxide

powder (15 mg) were added. After thorough miiix-
ing, the whole was centrifuged and the supernatant
collected. The cells were washed with aqueous ace-
tone (20 %; 10 ml), recentrifuged, and the superna-
tants combined.

After evaporation to small bulk (2-4 ml), the
extract was streaked on filter paper (Whatman no.
17; 46 x 57 cm) which was then irrigated wvith the
solvent, 1-propanol: 1 % ammonium hydroxide (2: 1).
The appropriate band was located by its blue fluores-
cense in ultraviolet light (max. emission at 360 mn)
and the material was eluted from it using 1 % am-
monium hydroxide. It was then rechromatographed
on heavy filter paper, using butanol: acetic acid:
water (4: 1: 1) as solvent. Elution of the blue fluor-
escent band from the second chromatogram gave a
solution which was used for determination of the ul-
traviolet spectrum of the compound; for further
paper chromatography to determine its Rf values
and to compare it with known or similarly isolated
materials (table I); and for acid hydrolysis. (In
order to provide a convenient reference point the
Rf values are recorded in relation to the R, for bio-
pterin which is given the value one.)

ACID HYDROLYSIS OF PRODUCTS FRO1t ALGAE.
In order to remove interfering materials from eluates
from paper chromatographic purification, the blue
fluorescent compounds were adsorbed from solution
by the addition of a small amount of charcoal (Darco
G60). The charcoal was thoroughly washed with
water and the fluorescent materials were then eluted
from it with ethanol: ammonium hydroxide (1: 1;
10 ml). This eluate was evaporated to small bulk
and treated with the appropriate amount of sulfuric
acid. The extent of hydrolysis was followed by
checking samples at intervals by paper chromatogra-

TABLE I

PAPER CHROMATOGRAPHIC & HYDROLYSIS DATA ON COMPOUNDS FROM BLUE GREEN ALGAE

1-
4 % SODIUM PROPANOL,

CITRATE 1 % NH3
(2: 1)

1-BUTANOL, 1-BUTANOL, 2-BUTANOL,METHYL.
ACETIC ETHYL FORMIC
ACID, KETONE ACID,
WATER NH, WATER WATER
(4:1:1) (8:2:5)

Anabaena var.

Nostoc mus.

Anabaena cyl.
Anacystis nid.
TX27
Synechocystis
Synechocystis*
Synechococcus
Synechocystis**
Nostoc***
Biopterin

1.23
1.23
1.40

1.23
1.35
1.13
1.23

1.13
1.34
1.23
1.00

0.97
0.97
0.94
0.80
0.61
0.83
0.80
0.83
0.30
0.97
1.00

0.67
0.67
0.45
0.37
0.45
0.48
0.37
0.48
0.15
0.67
1.00

0.50
0.50
0.30
0.42
0.09
0.60
0.42
0.60
0.0
0.50
1.00

0.91
0.91
0.80
0.67
0.87
0.84
0.67
0.84
0.61
0.91
1.00

2 N for 3 hr 6-deoxy-d-glucose
2 N for 3 hr 6-deoxy-d-glucose
2 N for 2 hr Galactose
2 N for 2 hr Glucose
5 N for 4 hr Xylouronic acid

2 N for 2 hr Xylose or ribose

2 N for 2 hr Glucose
2 N for 2 hr Xylose or ribose

2 N for 1 hr Glucose
2 N for 3 hr 6-deoxy-d-glucose

* High temperature form
** Lyophilyzed preparation
*** Marine form

ACID
STRENGTH
& TIME FOR
HYDROLYSIS

SUGAR
(TENTATIVE)
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phiy. After comiplete hlydrolysis ha(l taken place. the
sulfuric acid w-as removed by precipitation with harium
hlydr-oxide. and the resuilting neutral solution was
treated to separate the products in either of two ways:
T. Charcoal was again a(l(le(l until the solution was
no longer fluorescent. The chial-coal was removed
by cenltrifugation and treate(l as before to recover the
fluor-escenlt material. This w-as thell comipared spec-
trophiotometri callv anid ci romatograpli cally with
auithienltic specimiielis. Tlhe superniatant was evapo-
rate(d to small bulk and this solution was use(1 for
paper chromatographlic comparisonl with known
sugars. usinig butanol : acetic acid : wvater (4: 1: 1) as
solxvent. II. The hlydrolysis miiixtuire was passed
tilroughi a small columnli (1 X 3 cmii) of Filtrol, previ-
ouslv- washie(d with (lilute acetic acid. The fluorescent
miater-ial w%as adsorbed at the tol) of the columini. The
eluate anid w%ater washings were collecte(l. evaporated,
and(I the concenitrated solutionl use(l for chromato-
graphiic comilparison \w'ith sugars as before. The flu-
orescent imlaterial wvas washle(I froImi the columiin with
30 W- aqueous acetonle. Again, the concenitr-ate(d eluate
was used for chromatography,. and for ultraviolet ab-
sor-ption spectroplhotometrv.

RESULTS

Paper chromatograplvy of the algal extracts show-
e(l thait essentially they containie(d only one blue fluor-
escenit comipoun(l wvhen the cells were treated with

various. purified com11pounIds and hiopterin ,vere ideln-
tical with respect to positionls of milmaiiiia and(I miininma.
On hydrolysis, they gave hiopterin i(lentifiedl by its
ultraviolet ahsorption spectrum and hy paper chlro-
matographi c comipari soni with an authielntic specitimen.
The conditions for hydrolysis an1(l the tentative i(len-
tification of the sugar1s thius plro(luce(l aire liste(d in
table T. Several of the compounds yiel(le(d biopterin
and glucose. The original compounds vere theni co-
chiromiiatogr-aphie(d an(l showvii to be i(lelitical. The
comipoun(l isolate(d fr-olim TN2a/Ws atcidic (paper-
electrophoresis) hut, on1 hvdrolyvsis. it gave biopterin
anl(l the acidic portion of tile iiiolecule thus resi(le(l in
the glycosidic miioiet . Thlis reacted withi the spray
reagent to give the character-istic re(d color of a peln-
tose. It has therefor-e been tentatively i(lentifie(l as
a xvlouronic aci(l.

Thle one exceptioni to the ahov e statements was
provi(le(l fromii the study of the comiipotund obtained
fromil the lyophilized samiple of Svnechocystis. On
aci(d hydrolysis, as with the other compounds, the
ultraviolet absorptioni spectruml of the lhy(lrolysate
w,-as unchanged. Howvever the compound responisible
for this ultraviolet absorption spectrum was shiowiv by
paper chromatography in a number of solvents
to he 2-anmino-4-hi-dlroxy 6-hvr-(l-oxvm-ilethlipll)teridline
(table TT).

DTSCsIo-STON
acetic aci(l a(l I manganiese (lioxi(le. However, in Since the functionl of biopterin glucoside (or the
solime cases, several miinor, ver) faint fluorescent ban(ds natural glucosi(le froml whlichi it is derived) in Ana-
could( he (letected. These were nlot further investi- cvstis is unkinownl, it iS (lifficult to assess the bio-
gate(l. The ultraviolet absorption spectra of the chemilical imiplications of the discovery thlat onle of a

numbler of (lifferelit sugars may be attaclhe(d to bio-
pterin in (lifferent blue-green algae. The (listiict

TA-BLE TT comilpounds whicih result imiay prove to b)e useful iii
taxolnolimic stu(dies within this phylum., since they may

R VALUE.S OF PTERIDINF PRODUCrS AFTER HYDROTYSIS provide a sim11ple miean1s for dlemolonstrating a (distiiuc-
tioii or a siil1laritv between species. .A imiuchi miiore

CYSTIS* ALGAE -6-CH.,OH BIOPTERIN extensive stu(ly tlhaln the oile reported lhereini -would
have to be ma(le to test the validity of this approacl.

4 % Sodium 0.40 0.63 0.40 0.63 Perhaps the Imlost intelestinig comlll)Ond (Ilescrihetl
citrate in this paper is the glucoside of 22-amino-4-hydroxy-

I-Propanol, 6-lydlroxymethylpteridine isolated fromii a S\vuechlo-
1 % NH3 0.55 0.56 0.55 0.56 cystiS. 2-Amiio-4-hydroxy-6-hydroxylilethylpteri-
(2: 1) dine lhas been implicated, in the fornm of its tetrahydro

1-Butanol, (lerivative, in the biosynithesis of folic acid-like coim-
aceticacid, ~~~~~~~~Pound)(s ( 1, 9).

water 0.42 0.33 0.42 0.33 It is temilpting to speculate that the comlipoun(l iso-
(4: 1: 1) latedl fromii Syniechiocystis represents anI oxidlation prod-

1-Butanol, uct frolim an interniediate in folic aci(d biosynithesis in
methyl ethyl this organism, possibly accumulating (lue to somile
ketonie, 0.14 0.12 0.14 0.12 miietabolic (lisharimiony. Thle other c l)omoun(ls (le-
NH.3, water scribe(d in this paper -vould then perforimi a like func-

(5:3: 1:1) tioI in the specific algae frolil hich they have been
2-Butanol, isolate(l. Frolil a theoretical poinlt of view, a similar

formic acid, 0.64 0.58 0.64 0.58 function for- a 6-hydroxymethyl comlpounl(l andl a 6-
water
(8: 2: 5) dIillydroxyl)ropyl compound is Ilot at all imilprobable,

*________________________________ since it has been showvn that in the re(luce(d forimi, the
Lvophilyzed si(le chlain in the 6-position of the pteridine ring is
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quite labile (10). The three carbon dihydroxypropyl
side chain could therefore be replaced by a one carboni
fragment, the new molecule then condensing with p-
aminobenzoylglutamic acid according to the scheme
proposed by both Shiota an(d Brown. In fact, the
imlportant internmediate in folic acid biosynthesis may
well be 2-amino-4-lydroxy-5,6,7,8-tetrahydropteri-
dine (or a dihydro compoun(l), since it has been shown
that this compounld, with formaldehyde and p-amino-
benzovlglutamic acidl will condense in the test tube in
low yield to give folic aci(d (unpub. data). Thus the
conmpounds described in this paper would represent
enid-products derive(d from compouncls capable of sup-
plying the organism with its requirement of reduced
2-amino-4-hydroxypteridine for folic acidl biosyn-
tlhesis. Unfortunatelr, the available evidence from
bacteria is that biopterin an(d folic acid are not inter-
conivertible (11). However, it would seem worth-
whliile to repeat such interconversion experiments us-
ilng blue green algae instead of bacteria.

SUMMARY
A nuimiber of new, related compounds have been

isolated fromi a variety of species of blue green algae,
using a standardl technique. With one exception,
these comlpounds have been shown to be glycosides of
biopterin (2-amino-4-hydroxy-6-[1',2'-dihydroxy-
propyl] pteridine), differing in the nature of the sugar
attached to the side chain. The glucoside of 2-amino-
4-hydroxy-6-hydiroxymethylpteridine has been iso-
lated from one species. From the method of isolation
and other evidence, it seems likely that all of these
compounds exist in the intact cell as tetrahydro or
dihydro derivatives. The possible significance of
these compounds is discussed.
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