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ABS&RAcm
Over thirty acid—aoluble Uv—absorblng compounds have

besn 1solated from an acid ‘extract -of encysted dormant*

embryos of the brine shrimp, Artemia salina. These compounds

have been purlfied by means of jon-ekxchange chromatOgraphy
on columns of Dowex—1-formate and DEAE-cellulose. Sevetral of
these compounds have been 1éentified prev1ously a8 the
common mononucleotides; in addltlon, the dlguanosine
nucléotid;s guanosine(5')ériphospho(B')guanosiné'and
guanosine(B')tetraphospho(5rbguanosine have been shown to be
major conatltuents of the acid-soluble extract. In this
thesis six addltlonal Uv-absorblng compounds in the acid-
scluble fractlon of the cysts have been 1dent1§;ed. They are
uridine 5'-diphosphate, inosine 5'-monophosphate, adenylo-
succinic acid, UDP-N-acetylglucosamine, gﬁanosing(S')diphospho
~ (5')gusnosine and guanosine(S')triphospho(s:)adenosine. The
function of these compbuﬁds during development of Artemia

salina is discussed.
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INTRODUCTION

Encysted embryos of .the brine'ehrimp; Artemia sglina,

have been used as a model eukaryotic system for the atudy
_of nucleotide metaboliam in embryos despite the fact that
~these embryos (as well as adults of Artemia) are unable to
synthesgge purines de novo while possessing the de novo
pathway for pyrimidine biosynthesis (1), This metabolic
| deflciency is circumvented in the egg during oogenesis by
storage of large ‘quantities of purlne-oontainlng compounds in
yolk platelets which are used aubsequently during development
in nucleotide metabolism and nucleic acid synthesls 1, 2 v3)e-
Thus, the acid-soluble fraction of Artemia cysts isg unusually
rich in purine-containing compounds. .

~ The major acid-soluble nucleotlde in Antemia cjsts has
been hown to be guanosine(5')tetraphosPno(s')guanosine",-
[6(5' )0 (5')6] which comprises about 45% of.the total UV-
absorbiug materialiin the cold_acid extract and 2%  of the
dﬁf we;ght'of the embryos (2;4). A similar combound,
guanosine(5')triphospho(5‘)guanosine [G(B‘)p3(5')GJ, nes also
been found in lesser énounté in the cysta (4). In addition to
these unusual nucleotide anhydrides, several other nucleotides
have beep isolated and identified from Artemia cyete (2,4),
but many other minor UV-absorbing fractions in extracts. from
cysts have not yet been chera&terized. The primary purpose of
this study.was to re-examine the acid-soluble fraction of
encysted embryos of Artemia salina with the purpose of

1 L 3




2
idenﬁifying some of the minor Uv-absofbing.coﬁpounds in the
ﬁucieotide fr&ction. Also, it was ﬁoped that this study
might provide further insight 7nto ‘the problem of control of
nucleotlde metabolism and protein biosynth981s in Artemia
eybryos, . -

Siﬁce their discovery in-Artgmia embryos; diguanosine
nucleqﬁides,have been found in eggs or‘embryos of the water

flea, Daphnia magns (5), the fairy shriwp, Euﬁranchipus

vernalis (6), and in the #mostracan, Branchipus stagnalis (7),

- but in no other living system (8). Thus, theas unigque
nucleotides appear bo be restricted to organisma from the

" subelass Branchibpoda of the Crustacea. By comparison,

denosine(S')tetraphospho(S')adenosine-[A(S')p4(5')A] hes
been found in extracts from several cells of mammalian
origin (9) "In addition to the naturally occurring )
dlnuc19051de polyphosphates described above, hybrid
- dinucleotides of the type guan031ne(5 Ytetraphospho(5* )-
-adenosine [6(5')p4(5')A] and guanosine(5')triphospho(5')—
adanos:me [G(5 )p5(5 )A] have been synthesised in g._gg%t "from
mononucleotides uslng an E. coli lysyl-tRNA synthetase
system (10, 11) However, to the knowledge of this author no
other naturally occurring dlnucle051de polyphosphates
containing guanosine only or adenosine and guanosine as

‘described sbove have been reported, although Van Denbos and

Finamore (12) have suggested that the dinucleoside

tetéZEEEESEFte, A(E')p4(5')é3 may serve as an intermediate
in the synthegis of ATP in Artemia nauplii. In thisg thesis
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the presence of two new nucleotide anhydrides in Artemia

¢ysts.is described. They are guanosine(5' )diphoaph0(5 )=
guan081ne [G(S )p2(5 )G] and guanosine(5* )triphospho(S )-

“adenosine [G(S')p3(5 )A] .

‘The brine.éhrimp, as & member of the class Crustaces,
possesses an exoskeleton containing chitin which is a high

molecular weight homopolymer of N-acetylglucosamine residues

- (13). During the synthesis of chitin N-acetylglucosamine

residﬁes are transferred from UDP-N-aéetylglucosamine to
F(1a4)_1iﬁkagéé in the growing chitin chain (14). Hence, any
animal fhat possesse; a8 chitin-containing exoskeleton would
be expected to contain ﬁDP—N-acetylglucosamine in its acid-
soluble fraction., It is therefore not surprising éhaf UDP~-
N-acetylglucosamine has been found to be present in some
crustacean tissues (15). In additioﬁ; this nucleotide has
been found in & variety of bacteriai‘and.animal tissues (16).
In this study UDP—N-acetylglucosaminé'has been identified as
a prominent component of the-sacid-soluble frgcﬁion of dormant

cysts of Artemia salina.

In both eukaryotic and prokaryotic systems the pathway
of purine biosynthesis from simpI?“predﬁrsors (the de novo

pathway) has been well-established (17). In all cases the

end-product of de novo purine biosynthesis is the ribonucleotide

inosinic acid (IMP) which is an important intermediate in %hg
bioaynthesis of AMP and GMP. The conversion of IMP to AMP

involves the intermediate adenylosuccinic acid (SAMP) which

is an N6-substituted adenosiﬁb monophosphate (17). Generally,



SAMP is not ﬁreseﬁt in oéils in large amounts since it is
rapidly converted to AMP, although it has been rsnnd in
measurable quanéities in extracts of mammalian liver (18,19).
~ However, it has been sthhesisé& in vitro from AMP and fumaric
acid-using an enzyme preparation from yeast (20), and from
IMP and aspartate using an enzyme preparation from E, coli
(21). In this theéis adenylosuccinic acid is described for
the first fime in acid eiﬁrac%ﬁlor Artemia cysté,“;nd its
role in de novo purine biosynthesis is discussed. ’
In additién to the above the elution characteristics from.
a Dowex-1-formate ;olumn of severa; other.nucleotides from

Artemia cysté is described.
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EXPERIMENTAL PROCEDURE
' . o

METHODS ;

Extraction of Acid-Soluble Nucleotides ’

The extraction procedure used was a mgdification of the
method of Clbgg et al. (1). One hundred grams of the.Utah

strain-of undeveloped cysts of Artemia salina (Longlife

Aquarium Prodécts, St. Thomas, Ontario) were hydrated in®

500 ml.of 0.5 M NaCl at 0° for 16 h. The hydrated cysts were
collected on a sintered glass funpel, washed with apout

500 ml of cold 1 N HC1Q,, and gréund for 15 min in 40 g -
porfiogs ih a small’amount of 1‘3 HC10, gsing\a motorized.
mortar and pestle, The homogenatesﬁwere combinéd, then
stirred for an additional 30 min in the cold with about

750 ml of ice-cold 1 E.HC104. The total volume of homogenate
at the'end of the extraction was sbout 1000 ml. The 9xtract
was centrifuged at 15,000 x g for 20 min and the supernatant
fluid was filtered through a sintered glass funnel to remove
any floating debris. The 15,000 x g sediment was re-extracted
with 600 ml of cold 1 N BEC10, by stirring at low"speed f&r.
5> min in a Waring blender, then cenégg;;ged as above to
obtain the supernatant fluid.‘All above steps were carried
out at 0-4°. The acid-soluble extracts were pooled and
applied to a charcoal column (2 x 20 em) to deacidify the
extracts and remove unwanted embryo comstituents as described
ﬁreviously (1). The column was washed with sbout 1539 ml of ™
distilled water then with approximately 1000 ml of a mixture

v
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of ethanol, concentrated NH4OH and vater (2/1/2 v/v/v) The
charcoal eluant, which contained moatly acid—aoluble nucleic
acid constituents, was concentrated under reduced pressure

in a rotary evaporator to remove the ethanol and ammonia, then
'gtgred at ~-20°.until needed. The quantity of UV-absorbing

materiel after each step above was determined using a

" Beckman Spectrophotometer (Model DB).

Fractionation of Acid-~Soluble Nucleotides on Anion-Exchange

Columns
The charcosl-adsorbable material from uhe acid-soluble

extract was fractionatéa‘on a Dowex—ﬁ;gormate column (2.5 x
38 c¢m) as ‘described previously (4) ueingwthe rormate—fonnic
acid procedure of Hurlbert gﬁ_gi. (22). Prior to use the
resin (AG 1-X8, C1~, Bio-Rad Laboratcries, Richmc;d Ca.)
was washed sequentlally with 1 11tne of 1 N HC1, water unt;I\
neutral 4 N HCOCH contalnlng 1M HCOONH4 until the wash w
chloride-free (approximately 2 litres), and finally w1th qg.
water until neutral. The latter two washes were carried out
on the column. The charcoal-adsorbable materiel was adjusugg
to approximately 50 ml’ with water, then applied to the eGIumn.
The column was washed with about 300 ml of wate; to remove
the non-adsorbable material, then eluted with a series of

five gradients beginning with. the addition of 1100 ml of 1 N )
' HCOOH dropwise to 1000 ml of distiiled water in a ‘mixing -

chamber. In subsequent steps the following reagents were

added dropwise to the mixing flask: 4 N HCOOH, 850 ml; & N
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HCOOH containing 0.2 M HCOONH, ,1450 ml; 4 N ECOOH containing -
0.4 M HCOONH, , 800 ml; and 4 N HCOOH containing 1.0 M
HCOONH4 s 2100 ml. Column fractions of aﬁou% 15 ml were
collected and each was analyzed at 260 and 280 nm using a
Beckman Spectrophotoueter (Model DB). The oontents of each
UV—abgorblng fraction were pooled and desalted on.a charcoal
cqlﬁmn (1 x 6 om).using the procedure outlined above. “Each
column peak yﬁ;fiﬁappeared to bewheterogeneous by paper or
thin layer chromatography was purified furthef by
chromatography on. DEAE-cellulose (Whatman DE-11 or DE-23,
bicarbonate form) columns u51ng linear gradients of NH HGOB,
pH 8.6, according to the procedure of Warner and Finamore (2)
The Uv—absorblng fractions from the DEAE—cellulose columns

were concentrated and dssalted by flash evaporatlon, and in

some cases the fraction was percolated through a small Dowex-SOW—

hydrogen column (1 x 3 cm, AG 50W-X8, Bio-Rad Laboratories,

Richmond, Ca.). All purified fractions were stored in aqueous
solution at -20° prior to analysis.

Ascending ?aper chromatography of coiumn fractions was
carried out in order to test for homogeneity. Fifty Pl-Bf a
solution containing 1—2'A260 units were_gpplied to Whatman 1
paper sheets (20 x 56 cm) and éir dried. The chromatograms
were developed in a solvent consisting of 0.1 M sodium .
phosphate, pH 6.8/(NH4)2304/n—propanol (100/60/2 v/w/v) (23)
for approximately 18 h. The paper was removed from the sqi?ént,
air dried, and the UV-absorbing areas detected using a minersal

light. J'




Analytical Procédures

Total phoaphaté and labile phosphatJ (where presént)
were determined by the method of Griswold et-al. (24), which
is Q\modification of the procedure of Fiske and Subbarow
(25). Total phosphate was determined after digestion of the
sample with concentrated H2804. Lablle phosphate, which
refers(fo\the phosphate released as orthophosphate after
treatment of the phosphorylated compound with 1 N H,S0, at
100° for 17 min, was determined by omitting the acid
digestion step.'The addition of an acidic solutioﬁ of

-~

ammonium mol ate and a reducing agent (‘1-amino-2-naphthol-

4-sulfoniec acid promoted the-: velopment of a phospho-

molybdate complex (blue color) which was estipated by

-

absorbance at 820 nm in a Beckman Spectrophotometer (Model
DB).

b

A

Ribosé analyses were performed using the orcinol
colorimetric proceﬁure of Mejbaum (26) modified according
to the procedure of Volkin and Cohn (27). The sample was
treated with an acidic solution of orcinol and FeNH4(SO4)2
for 30 min at 100° and the absorbance was read at 660 nm in
a Beckman Spectrophotometer (Model DB).

Nitrogen analyses were-carrieﬁrput by direct
Nesslerization after digestion with concentrated H2804 (28).
One ml of the sample containing 1-3 A260 units was heated .
with 0.2 ml of 18 N H,S0, for 15 min in a digestion flaaspf
Nessler's reagent was added, and the color was read as

450 nm in a Beckman Spectrophotometer (Model DB).
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Periodate oxidations and assays were carried out ueing
the procedure of Khym and Cohn (29). Approximately 10 A260
units of the sample were trested with 0,04 N NaIO4 for 15
min at room temperature. The IO3 generated in the, reaction
wae estimated by passing the reactlon mixture through an
AG-1-acetate (1 x 2.5 cm).column to absorb both the .
oxidized. nucleotide as wéll as the IO5 . The IO5 ‘was Eoen
- eluted from the column w1th C.1 M NH,Cl and the amount of
IOB° eluted determined by absorbance at 232 nm using a
molar extinction coefficient of 900 (29).
Golorimetric,aeeays for N-acetylhexosamines wers
performed using the carbongte method of Aminoff et al, (30)
based on the original procedure of Morgan and Elson (31).
Apﬁroxiﬁately 1 Pmole of thbs N-acetylhexosamine was treated
with 0.025 M Na,CO; for 5 min at 100°, then an equal volume
of a reagent containin% 2% p-dimethylaminobenzaldehyde in
glaoial acetic acid was added.:The solution was diluted a
further 1 in 5 with glacial acetic acid and the color
allowed to develop for 45 min. The absorbance was measured
at 550 nm in a Beckman Spectrophotometer (Model DB) and
compared to commercially available N-acetylglucosamine.
. Ninhydrin oxidation of hexosamines to pentoses was
performed using the original prooedure of Gardell et al.
(32) modified according to the procedure of Pontis (33). A
8olution of hexosamine was treated wdth an equal volume of
0.48%’ninhydrin in 0.1 M sodium citrate buffer, pH 4.7, at
100° for %0 min. The cooled solution was treated successively

with a small amount of AG 50W-X8 (H' .form) cation eXxchange
- ) .
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resin and AG 1-X8 (C1™ form) anion exchange
resin (Bio-Rad Laboratories, Richmond, Ca.), and then
concentrated in a rotary evaporaoor. The sample was applied
to a sheet of Whatman 1 fdlter paper (20 x 56 cm) and the
chromatogram developed for 42 h in the downward dlreotlon
with butanol/ethanol/water (4/2/5 v/v/v) (15) The paper was
ajzrdried.and'ohe spots visualized by sprayiné with 1% aniline
hydrogen phthalate in butanol (34) followed by heating foo

5 min at 100° to develop the color. In ordef to determine,

R values glucose was run simultaneously and visualized

glﬁoose _ _
by spraying with 1% p-anisidine in butanol followed by heating
for 5 min at 100° (34).

Paper chromatography of hexosamines and N-acetylhexosamines
was performed in either an ascending or a descending m&nner
on Whaﬁmgé\i filter paper (20 x 56 cm). After sample
applicatiqn ‘the chromatograms were developed in one of the
following solvents: butanol/ethanol/water (4/1/5 v/v;o)-(15);
butanol/pyridine/water (6/4/3 v/v/v) (53); butanol/glacial
acetic acid/water (2/1/1 v/v/v) (35), and then allowed to
airdry. ‘Ascending chromatograms were developed for asbout 50 h
and descending chromatogrsams were developed for 40-90 h, -
allowing the solvent to drip off the lower edge of the paper,
to resolve compounde with 31m11ar chromatographic mobllltles.
Hexosamlnes were visuaslized by spraying with ninhydrin (Sigma
Chemical Oompany) followed by heatlng for 5 min at 100°.

N—acetylhexosamlnes were v1suallzed by epraying with a reagent

conelstlng of 1 g of p-dimethylam1nobenzaldehyde in 30 ml of %,?
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ethanal, 30 ml of concemtrated HCl, and 18681 of butanol

(36) followed by heating at 100° for S min. values_

: glucoée
were obtained as deéseribed above.

The ﬁitrogenpus‘Base constituents were identified by
their ultnaviolef_aﬁgbrption spectra before and after acid
hydrolysis using_a_Pﬁ%kin—Elmer Coleman Spectrophotométer
(Model 575), and by their chromatographic behaviour on.thin
layefs 6f PEI-cellulose. Acid hydrolysis of the_unknown
gompounds was carried out with 1 N HC1 for 10 mih at 100°,
The compounds or their Basg constituents were an&lfzed by
thin layer-chromatography on shéets of PEI—cellulosé .
(Brinkmsnn Instruments, Inc,) thaé had been washed with,
water and dried\befor; uge. Three differenﬂ'solveht systems,
- were used: (&) 1.4 M LiCl (37); (b) 1.5 M KH,PO, (38); (¢)
2.0 N HCOOH/0.5 M IiCl (1/1 v/v) (39). The plates were
developed in the solvent for 2-3 h, dried, then analyzed for

A

UV absorbance using a mineral light compared tolstandard
compounds run on the same plate. )
The presence of monoesterified phosphate groups in the
unknown compoungs was determined by mesasuring the change
(if eny) in migration rate of the purified compounds on $h%n
layers of PEI-cellulose after treatment w1t? bacterlal
alksline phosphatase (BAP) For these analyses, 1-5 units
(A260) of the unknown compound were dissolved in a solution
conteining 29 mM Tris-HCl, pH 8.0, 2.9 mM MgClz,"and 25‘Pg
of BAP in a final volume of 0.2 ml. The reaétion mixture was

incubated for 1 h at 500 then analyzéd by thin layer
E

1

) 5
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chromatography on PEI-cellulose using the solvent systems
described aﬁove. In aﬁ attempt to:determinerthe phosphate
. linkages in thé BAP resistant compounds 2-10 units-(AzGo)
were incubated with spleen phosphodiesterase (SPD) (0,05~
‘ d 075 units) in 0.2 ml of a buffer containing 25 mM Tris~HC1,
pH 7.5, and 2,5 mM MgCl,. After 1 h at 30° the mixture was
analyzed by thin layer chromatography ‘on PEI-cellulose as
"above. In similar experiments 2-13 units (A260) of the
unknown compounds were treated with snake venom phospho-
diqstegaég (SVPD) (13-100 PS) in 1.0 ml of & buffer‘COmgpsed
of 68 mM Tris—HCi, pH 8.9, and 58 mM MgClg. The reaction
mixtures.weré incubated for 10 min at %20°, then the reaction
terminated-by the addition of 0.5 ml of 1 N-HCL. The
hydrolyzates were neutralized with 4 ﬂnNH4HCOB, pH 8.6,.
then chromatographed on columns of DEAE-dellulose (1 x 15 cm)
" as desoribed above (2). The coluﬁn fractions were.anélyzed
by spectrophotometry and chromatography on PEI—cellﬁloée

compared to standard compounds as described above.



MATERIALS

Standard nucleotides, nucleosides, bases and enzymes

" were purchased from either P~L Laboratories, Inc. (Milwaukee,
W1sconsin), Worthington Bioohsmical Corporation (Freehold
N.J.) or Sigma Chemlcal Company (St. Louis, Mo.). Precosted
plastic sheets of Polygram Cel ‘300 PEI were obtained from

Brinkmenn Instruments, Inc. (Toronto, Ontarlo) A1l other

&

chemicals were of reagent grade.

L

15
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- _RESULTS

Column Chromatography of Acid-Soluble Extréct from Cysts

of Artenisa saliﬂ; ‘
Eighteen distinct UV-absorbing fractions from the acid

extradﬁ of‘Artemia djsts h;ve befen fesolved on & column of

.Dowexr1?formqtq using a formate-formic acid elution“éystgm.

The rgsults”ére shown in Fig. 1. This elution profile is -

similar to that obtained prevously from the'acid—goluble

I
Yy

fragtiphgqﬁ Artemia salina (4). Several of these f?actions
have bééﬁﬁidentified previously, and the identity of some of
them has been established (2,4), The identity of the major
components is given in the 1egénd to Fig. 1.

Many of the column fractions from Dowex-1-formate were
found to be heterogenedus by paper or thin layer-
chromatography. Therefére, tpese fractions were purified :
further by chromatography on columns of DEAE-cellulose
" (bicarbonate form). In some cases further purification on &
small column "of AG—Bb (H+ form) was conSidered‘neceésary to
remove traces of heavy metals before the enzyme studies, but
in general fractions homogeneous by chromatographic criteria
were not subjectéd to further purification after

chromatography on DEAE-cellulose.

Identification of Fraction 10 from Dowex-1-formate -

The results shown in Fig. 2 were obtained when fraction
10 from the Dowex-1-formate column was chromatographed- on a
column of DEAE-cellulose (bicarbonate form).

14
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FIGURE 1

1

Fractionation of Uv;absorbing components in the acid-

goluble extract from dormant embryos of Artemia salina

on Dowex-1-formate.

The acid-soluble fraction from 100 g of dry c&sts was
chrdmatographed on & 2.5 X, 38 cm column of Dowex-1-formate
ag described under Experiméntal Procedure. The following
eluents were added at points A to E as indicated: A, 1 N

HCCOH; B, 4 N HCOOH; C, 4 N HCOOH containing 0.2 ﬂ '
HCOONH, .; D, 4 N HCOOH containing O.4 M HCOONH, ; E, 4 X

HCOCH, contalnlng 1.0 M HCOONH4 . Column fractioms of about 15 ml

were collected and analyzed for absorbance at 260 and 280 nm. _
The identity of some of the fractions has been determined

previously'(4). The prima&ry components in these fractions

are ag follows: 1, guanosine; 2, CMP; 4, AMP; 8, GMP; 10,

UMP; 11, ADP; 15, GDP; 16, ATP end 6(5')p5(5')G; 17, GTP

and G(5')p4(5')G.‘The identity of fractions 3,5,6,7,9,12,

1% and 14 has not been previously established. -

r | '
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FIGURE 2

~ Fractionation of peak 10 from Dowerd-fqrmate on DEAE-
cellulose. © ‘
Pegk 10 from the Dowex-1-formate column showg in Fig.1 was
chromatographed on a 1,5 x 26 cm column“of DEAE-cellulose
using a 1506 ml linear gradient of NH4HCO3,‘pH 8.6 from ‘
0.002 M to 0.20 M. Each ¢column fraction was analyzed for
absorbance at 260 nm. Fractions 10b and 10c were saved for
additional study, but fractions 10a, 104 and 10e¢ were not
identified in this study.

g - ‘
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The major pesk (10p), which was found to contain one
phosphate group per base, was identified by means of its
spectral properties (see Table 1) ad chromatographic
mobility> on Whatmen 1 paper to be identical to UMP. This
finding confirméd results obtained previously (2,4).

The second lﬁrgést UV-absorbing peak from the DEAE-
ceiiulose coluﬁn shown in Fig. 2 ng';zzk 10¢c. This fraction
was found to have the ultraviolet‘absorption properties
presented in Table 2. ?ﬁe apecfral ratios of 16c correspond
very closely é% thosepdf IMP, and when absorption spectra of -
both compounds were compared they were found to be super-
imposible. Furthermore, phosphate and ribosé{analyses
indicated the&t 10¢ contained one phosphate group and one
ribose per base (data nét.shown). The supposition that 10c is
IMP was confirmed by paper and thin layer chromatography as

gshown in Table 3.

-

.,Identification of Fraction jjffrom Dowex=-1-formate

| Chromatography of fraction 11 from Dowex-i-formate on
DEAE-cellulose (bicarbonate form) yielded five distinct
UV-absorbing peaks as shown in Fig. 3. The identity of
fractions 11c and 114 are described in this section. Initially,
the ulﬁraviolet absorption characteristics of fraction 11c
were examined and the data are presented in Table 4. These
data suggest that 11c is &an adenosine-containing compound,
and ,the results sﬁown in Table 5 for ribose and phosphate

analyses are consistent with the view that fraction 11c is
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Table 3. Chromatography of fraction 10c on Whatman 1 paper

and thin layers of PEI-cellulose. A

—~— .
- Compound : Ry value* o

Y

PEI-cellulose . Whatman 1

.Solvent 1 Solvent 2 Solvent 3

Hypoxanthine 0.49 0.50 -

IMP ‘ 0.70 0.85 . 0.54
e ' T

100 0.70 0.85 0.52

10c after Acid 0.49 0.50 -

HydrolysisT '

%

» Solvent 1, 1.4 M LiCl; solvent 2, 1.5 M KE,PO,; solvent 3,
0.1 M sodium phosphate, pH 6.8/(NH4)2804/n-propanol

(100/60/2 v/w/v). | '
t Acid hydrolysii was carried out by treatment with 1.0 N <

AC1 for 10 min at 100°. "
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FIGURE 3

Fractionation of peak 11 from bowex-1-formate on DEAE-
cellulose. |

Pesk 11 from the Dowex-1-formate column shown in Fig. 1
was chromatographed on & 1.5 X 23 cm column of DEAE-
cellulose using a 41500 ml linesr gradient of NH,HCO5, pH
8.6 from 0,002 M to 0.20 M. Each colizzéijg;tion was
analyzed for absorbance &t 260 nm. F ions 11¢ and 114
wer'e saved for further examination, but fractions 11a,

11b and 11e were not identified in this study.
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Table 4. Ultraviolet absorption characteristics of fraction
1. |

(S 4

pH - Absorbancy Ratio Wavelength (nm)

~

A250=A260 A280=A260 A290:A260 Maximum Minimqm

Acid (adjusted 0.85 0.25 0,07 = 257 228
to 0401 N BC1) - . :

Neutral 0.80 0.17 0.02 259 226

Basic (adjusted 0.80 0.18 0.04 259 229

to 0,01 N NaOH)




Table 5. Partial chemical analysis of fréhtion 11c.

~

'?hosphate/Bﬁse' Ribose/Bése'
Total . Labile .
! . . 7
2,07 1.00 1.16

* Based on the spectral properties of fraction 11¢ the
molar extinction coefficient at 260 nm of 15400 for
adenosine was used in determining these ratios (23).

/—/\
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adenosine diphosphate. The chromatographic data presented in
Table 6 support thls pzdposition.

When the ultraviolet absorption characterlstics of pesk

'ﬂ1d were determlned at aoid basic and neutrai'pH values and
compared' to those fﬁr G(5’ )p (5')G the results shown in
Table 7 were obtained. These data, together Wlth gv
absorbance spectra of acid hydrolyzed 114 (1.0 N HCl, 10 min
at 100°, data not shown) indicate that guanine is the only
nitrogenous base in‘this fraction. When acid hydrelyzed
fraction 114 was ohromatoéraphed on a thin layer sheet of
PEI-cellulose using a LiCl/HCOOH solvent system, only one
UV-absorbing spot was detected and its mobility is shown in
Table 8. These data ipdicaﬁe that guanine is the sole UV-
absorbing product obtained from the acid ﬁydrolysis of column
fraction 11d. Column fraction 114 was also analyzed for
phosphate and ribose, and the results of these analyses are
shown in Table 9. These results are consistent with those
expected for either GMP, c¢cGMP or G(5‘)p2(5')G.

In an effort to elucidate the chemical structufe of
column fraction 114 samples of this fracfion were treated
with either BAP, SPD or SVPD then chromatographed on a thin
layer sheet of PEI-cellulose using a LiC1l/HCOOH solvent
system. The results shown in Table 10 indicate that the
chromatographic mobility of fraction 114 is not altered by
BAP compared to non-treated samples, and suggest that the
phosphate group(s) in this compound is(ére) diesterified as

in diguanosine polyphosphates (4,41). Similarly, the
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Table 6. Chromatography of fraction 11e compafe&wtb ADP*,

/

‘Compound a Ry *Value

PEI-cellulose - Whatman 1

' Solvent 1 Solven% 2 Solvent 3

ADP ) 0.57 0.71 0.30

r

1M 0.57 0.70 * ° 0.29

* Thin layer 6hromatography on PEi-cellulose and ascending
paper chromsatography on Whatman 1 papef sheets wag performe&
as described in Experimental Procedurse.

Solvent 1; 1.4 M LiCl; solvent 2, 1.5 M KH2PO4;‘solfent 3,

0.1 M sodium phosphate, pH 648/(NH, ) ,80,/n=propanol (100/60/2
v/W/V) e ] : r -
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TablH'S. Chromatog aphy of acid hydrolyzed fraction 114 on

PEI-ceiluloae .

Compound Rr Value -
| ) | I
Guanine 0,69 ‘ v
7-Methyl guenine 0.65 - o
F
114 _o.gﬁ \\\;,///”J
114 éfter acid hydrolysis 0.70

-

* About 2 A, units of fraction 114 were treated with 1 N

HC1 for 10 min st 100°. After cooling, 25 Pl of the sample

el

were applied to & plastic coated sheet of PEI—cellulose that

7 had been washed with water prior to use. Standard guanine

and 7-methyl guanine'as well as untreated fraction 114

were applied to the PEI~cellulose sheet and air-dried. -The

plate was de}eloped for 2 b using a solvent consisting of

0.5 M LiC1/2.0 N ECOOH (1/71 v/v).
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Table 9., Partial chemical analysis of fractioh 11d.

Phosphate/Base® . Ribosé/Base*
Total Labile B

* Based on the spectral properties of f:action 114, a8 molar
extinction coefficient of 23400 at 260 nm was used iﬁ-'
determining these ratios baged on the molar extinction
coefficient of 11700 for GMP (23). However Michelson has
observed & hypochromic effedt of 12=25% for A(S')pa(S‘)A
(40); fherefore the above extinction coefificient may be a .

conservative estimation.

\\'
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Table10. Thin layer chromatography on PEI-cellulose of
fraction 11d after 1noubation with BAP SPD and SVFD.

Compound /\\ - R, Value®
£

Solvent 1 Solvent 2 Solvent 3

GMP 0.4t3 0.41 © 0.56
cGMP 0.39 0.51 0.39
114 0.27 } OulHt 0.0
114, aft%; treatment 0.27 - -
with BAP g~ .
o L7

114, aftqp treatment 0.26 = . -
with SPD . { '

N
114, after treatment O.43 0.43% 0,56

with SvPDT

* Solvent 1, 0.5 M LiC1/2.0 N HCOOH (1/1 v/v); solvent 2, .
1.4 M LiCl; solvent 3, 1.5 ﬂ.KHQPO .

T Treatment with BAP, SPD.and SVPD was performed as described
under Experimental Procedure. The, products of SVPD hydrolysis
were passed through a DEAE-cellulose column a&s described

under Experimental Procedure prior to analysis on thin layers

of PEI-~cellulose.
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chrometographic mability of fraction 11d was not altered by
SPD treatment. Since SPD will only hydrolyze dinucleoside
phosphates contaiping a free 5! hydroxyl group, it was
congluded that(}4§iconta1ns a subatitut?d'S' hydroxyl group.
In contrast to the abo;e results, fraction 114 was
. found to be sensitive to hydrolysis by SVPD. When the |
product(s)'of SVPD treatment were chromatographed on a
column of DEAE-cellulose the results'shown in Fig. 4 were
obtained. Except for a slight shoulder only one UV—absorbing‘
product was obtained upon hydrolysis of 11d by SVPD, and H
this product has spectrdl (data not sﬂbwn) and chromatographic
properties identical to GMP (see Table 10), Although 11d is
identi;;I\Bhemically to GMP and cGMP, the enzyme and v
bhromatographic data are not consistent with that expected
for either GMP syor cGMP (see Table 10). However, these results
8re consistent with the hypothesis that 114 is G(5')p2(5')G
of the structure illustrated in Fig. 5. Finally, the identity
of 114 as G(5‘)p2(5')G was’ confirmed by chromatograpﬁy of
- 114 compared to commercially available G(5')p2(5')G on thin
layers of PEI-cellulose using three different solvent systems.
The results of tﬂese experiments are presented in Table 41
and support the conclusion that fraction 114 is identical to

G(5")p,(5")C.
-)

'Identigication of Fraction 712 from Dowex-1-formate e

When fraction 12 from Dowex-1—formate was S

chromatographed on & column of DEAE-cellulose (bicarbonate
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FIGURE 4
™~

1

Release of GMP from G(5f)p2(5')G-(DEAE-cellulose fraction
11d) by SVED.

Thirteen units (A260) of dolumn fraction 114, proposed to
be G(5')p2(5')G, were treated with SO‘Pg of SVPD for 10
min at 500 8s described under Experimental Procedure, The
reagtion mixture was chromatographed on a 1 x 15 cm '
column of DEAE-cellulose using a 400 ml linear gradient
of NH4HCOB, pH B.é}\inge 0.002 M to 0.20 M. Under these
conditions only ome UV-Qbsorbing fraction eluted from the
column (o——o0), and this materisl was identified as GMP
(see Table 10). The elution position of unaltered
G(5')P2(5')G (pesk 114) is shown herse for comparison

(x—x).
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FIGURE 5

Proposed structure of guamnosine(5')diphospho(5')guanosine

" (DEAE-cellulose fraction 11d).

The arrow indicates, the position of hydrolysis by SVFD.
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Table 11. Thin layer chromatography on PEI-cellulose of
fraotion_11d comparea to G(5')p2(5')G. |

Compound _ _ Ry Value*

Solvent 1 Solvent 2 Solvent 3

11d 0,22 o 46T 040
G(5")p,(5')6 0,23 0. 46t 0.0
et .

\_/

* Solvent 1, 0.5 M LiCl/2.0 N HCOOH (1/1 v/v); solvent 2,
1.4 M LiClj solvent 3, 1.5 M KH,PO,. )

T Considerable trajiling was observed using this solvent.

38
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form) the results shown in Fig., 6 were obtained. Two large |
and three small peaks were obtained from fraction 12, and the
two éajor pesks were anélyzed fﬁrther. Fraction 12b was found
to-have ulbraviolet absorption properties identigzl to those

for uridine~containing compounds, and the ulfraviotlet

absorption spectnaAof fraction 12b and UMP ere‘found'to_bg
superimposible.”Selectéd UV absorptioﬁ'datitngtfgown in
Teble 12. Phosphate analysis indicated that 12b is a
diphosphate with one of the phosphate: groups labile to
hydrolysis by dilute acid (see Table 13). However, column
fraction 12b was found to be insensitive %o hydroiysis by

BAP as determined by its mobility on PEI~céllulose (see

Taple 14), Thus it was concluded that 12b consists of uridine
diphosphate with a diesterified terminal phosphate. Since
periodate oxidation of 12b consumed 2 moles of periodate per
mole of uridine (see Table 13), it appeared likely that 12b
was UDP esterified to a carbohydrate component. This
hypothesis was strengthened by the findings presented in
Table 15 which show that treatment of 12b with 0.01 N HCl for
5 min at 100° produced a UV-absorbing product with a
chromatographic mobility similar to UDP, whereas treatment
with 0.T™W_HC1 for %0 min at 100° produced a UV-absorbing
compound which chromatographed like UMP on PEI-cellulose.
Thus it‘éppears that UDP is associated with a non UV-
absorbing component in fraction 12b that can be easiﬁy

removed by mild acid hydrolysis. Therefore an attempt was

made to characterize this component.

<
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FIGURE 6

Fractionation of peak 12 from Dowex-1-formate on DEAE-

¢cellulose.

Peak 12 from tgg.Dowex-1—formate columﬁ shown in Fig. 1
was chromatographed on & 1 x 30 cm column of DEAE-cellulose
using a 1000  ml linear gradient of NH4H005, pH 8.6 and
0.002 M fo 0.20 M. Each column fraction was analyzed for
absorbance at 260 nm. Fractions 12b and 12¢ were saved

for further analysis, but fractions 12a, 12c¢c and 124 were

" not examined further in this study.
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Table 13, Partial chemical analysis of fraction 12b...

Phosphate/Base* - Periodate Consumed Nitrogen/Base*
. _ /Basef
Total Iabile
) N
- 1.96 1.01 2.11 3,07

* Based on the spectral propefties of fraction 12b the molar
extinction coefficient of 9900 at 260 nm for uridine was

used in determining these ratios (23).



“Table 14. Thin layer chromatography on PEI-cellulose of

fraction 12b béfofé and after tregtment with BAP*.

o+

Comipound . " R, Valuel
. Uridine S 0.9
UMP | 0.61
uDP | /i:::x—éf 0.1
12b (Control) ‘ 0.38
.
12b (Treated) 0.40

* Tneatment with BAP was carried out as outlined under

ExPerlmental Procedure.

T The solvent used was 0.5 M 1iC1/2.0 N HCOOH (1/1 v/v).

[

T T
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Table 15. Thin' leyer chromatography of fraction 12b on PEL:
cellulose before and after acid hydrolysis.

-

Compound - Rf Value*

uMP 0.67

UDP 0.16

12b (Control) o o3

12b (Treatment 1) 0.17

12b (Treatment 2) "0.67 - '
* The solvent was 0.5 M LiCl/2.0 N HCOOH (1/1 v/v). : ‘//
Treatment 1, 5 min at 100° in 0.01 N HG1; treatment 2, 30 min

at 100° in 0.1 N.HC1. A el

-
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‘After mild hydrolysis (0.01 N HC1 for 5 min at 100°), “12b
was found to give a positive Mdfganxand Elson reaction..
(carbonate method) (30) for N-acetylhexosemines in the ratio
-0f one mole of sugar per mole of uridine. The chromogen
prodﬁced in this reaction was found to have & spectrum
identicgl to that produced by N-acetylglucosamiﬁe in the
same rééction. It was concluded, therefore, that 12b consists
" of a UDP esterified to an N-acetylhexosamine. This hypothesis
was strengthened by the results shown in Table 16 which show
that mild acid hydrolysis of 12b ﬁroduces.a component~that
migrates on paper chromatograms with N—acetylglucosémine.

The observation that ﬁab contains 3 nitrogené per uridine
(see Table 13) is consistent with the éonclusion that i
N-acetylglucosamine is present in the molecule. When the
N-acetylhéxosamine from 12b was isolateg and subjected to
‘acid hydrolysis under cbnditions that cﬁuse deacetylation of
an N-acetyl sugar (2,0 N HC1 for 2-3 h at 1000), a compound
was produced which chromatographed with glucosamine and gave
a positive ninhydrin reaction (see Table 17). The final
proof thet this substance is an amino sugar was obtained
when it was found to be oxidized by ninhydrin to give &
compounﬁ with chromatographic properties identical to
arabinose (see Table 18). The results presented here
indicate that 12b possesses an N-acetylglucosamine which is
linked to UDP, and support the thesis.that 12b is UDP-
N-acetylglucosamine 2s shown in Fig. 7. Tﬁis view was

confirmed by chromatography of 12b with authentic UDP-N-
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Table 16. Ascendiﬁg paper chromatography of the carbohydrate

.component of fraction 12b*. | \\\%
Compound Rf valuel ;
- :)
Solvent 1 .- Solvent 2°
N-acetylgiucosamine . 0.29 0.31
- 12b (Carbohydrate 0.29 0.31
component) : o7

N

* Approximately 3 }unoles of fracti-g.u;"”IBb were trgated with ~
0.01 N HC1 for 5 min &t 100°. The solution was applied to a
c¢clumn of DEAE;cellulose (1 x 4 en) and 'was‘héd with water,

The first 20 ml of the water wash (containing the carbohydrate
component) was collected and concentrated to 250 Pl in & |
rotary evaporator. Approximately 20 }11 of - the sample were
applied to Whatman 1 paper whlch had been pretreatecl with

0.2 M sodium tetraborate and air-dried (42). After development
in the appropriate solvent for about 30 h the chromatograms
were dried and the spots visualized by spl;.aying them with

the Morgan and Iiilson spray reagent (36) for N-acetylhexosamines
as described under Experimental Procedure.

T Solvent 1, butanol/ethanol/water (4/1/5 v/v/v); solvent. 2,
‘butanol/pyridine/water' (e/4/3 v/v/v).
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Table 17. Paper chromatography of the deacetylated

carbohydrate component from fraction 42b°.

}Compound - Rr V'a.lue'r
v -

Rglucoset,

Solvent 1 Solvent 2 Solvent 3 Solvent 1

Mannosamine 014 0.35 - - 0.91

Galactosamine 0.13 0.28 - " 0,76

Glucosamine G}QQ\%/// 0.29 0.30 0.85

12b (Deacetylated 0.15 0,30 “0.29 0.83
carbohydrate :
compone&?) '

* The canbohydr:>§~snmpéﬁlnt from fraction 12b obtained as

described in the leger@ to Table 16 was treated with 2.0 N

HC1l for 2-% h at 100° in a séaled tube. These»conditions
cause N-acetylhexosamines to undergo a deacetylation reaction
to produce hexosamines.

1 Approximately 20 Pl of éhe samplewere &pplied to Whﬁtman 1
paper and air-dried. After development in the appropriate
solvent for about 30 h the chromatograms were dried and the
spots visualized by spraying with ninhydrin spray (Sigme
Chemical Company). Development was in the ascending menner.

¥ Approximately EO‘pl cf the sample yere applied to Whatman A1
paper and air-dried. The chromatogram wes deyeloped in the

descending manner for 42 h., Glucose was run simultaneously

. -,
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/

/ and v‘isualized by spraying with a p-anisidine reégent‘_ as
| described under Experini’éntal Procedure. . ~N
Solvent 1, buténdl/etha ol/wa.ter (&/1/5 v/v/v); solvent 2, ‘
butanol/pyridn.ne/water (8/4/3 v/v/v); solvent 3, butanol/
glacial acetic acn.d/water (2/1/1 v/v/v). '
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Table 18. Descending paper fomatography of the _
carbohyddate component fr action 12b after deacetylation\‘

and ninhydTin oxidation*.

— %

Compbund Hglucose
-‘Ribose 1962
Arabiﬁosé. | 1.24
Xylose | 1-?9
Lyxose _ 1.50
12b (Dessetylated and 1.23

ninhydrin oxidized
carbohydrate component)

v -
* The deacetylated carbohydrate component from fraction 12b
(obtained as described in the legend to Table 17) was
oxidized %o & pentose by ninhydrin as described under

"Experimental Procedure., Approximately 20 Pl of the sample
were applied to Whatman 1 paper and air-dried. The -
chromatogram was developed in the downward direction for
42 h, and the spots were visualized by spraying with an
aniline phthalate reagent as described in Experimental
Procedure., Glucose was run simultaneously and visualized as
described in the legend to Teble 17. The solvent was butanol/

’ - ethanol/water (4/1/5 v/v/v).
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FIGURE 7

Structure of UDP-N-acetylglucosamine (DEAE-cellulose
fraction 12b).

The arrows indicate positions of oxidation by periodate.
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Figure 7




23

acetylglucosamine on thin 1ayefs of PEI-cellulose (see Table
19). | o

| Tﬁe gecond major peak (129) obtained as a result of

chrbmapography of fraction 12 from Dowex-1-formate on a

c¢olumn of DEAE—cel;ulose (see Fig. 6) was found to have ‘

ultraviolet absorption characteristics similar to those 6f an

Nsusubstituted adenosine compound. The ultraviolet absorption-

characteristics of fraction 12e before and érter acid

hydrolysis are shown in Table‘EO. Phosphate and ribose

analyses indicate that 12e contains one phosphate group ﬁnd

~ one ribose per base (see Table 21). Incubation of 12e with

BAP produced a change in the mobility of the compound (Table

22}, which indicates that the phosphate group is monoesterifised

and thus susceptible to removal by BAP. In order to detect the

6 position of the adenine

presence of & substituent at the N
ring, 12e was subjected.to a 5 h hy&rolysis in 6 N HCl 8%
100° and the h&drolyzate chromatographed on Whatman ‘1 paper.
The results shown in Tabie 23 indicate that a ninhydrin-
positive compound was produced which chromatographed with
aspartic acid. Thus, it appears that fraction 12e is AMP
containing & sguccinate moiety at_the Ngiposition of the
adenine ring, and therefore identical to adenylosuccinate of
the structure shown in Fié. 8. This hypothesis wés confirmed
when the mobilities of 12e¢ and authentic adenylosuccinate and
their acid hydrolysis products were compared on thin layers

of PEI-cellulose (Table 22).
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Table 19. Thin layer chromatography of fraction 12b on PEI-

cellulose compared to UDP-N-acetylglucosamine.

Compound . Rf Value*

Solvent 1 Solvent 2 Solvent 3

P

UDP-N-acetylglucosamine ‘0.54 . with solvent  0.40
front :

‘12 . ¢ 0.33 with solvent 0.40
: ‘ front

* Solvent 1, 0.5 M 1iC1/2.0 N HCOOH (1/1 v/v); solvent 2,
1.4 M IiCl; solvent 3, 0.25 M LiCl.
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Table 21. Partial chemical aﬁalysia of fraction 12e.

>
-

~

Phosphate/Bage* Ribose/Base*
Total - Labile
1,10 0.0 . 1415

* Data werefcalculated-using an extinction coefficient at

268 nm (the maximum for fraction 128) of 19300 (43),

P )
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Table 22. Thin layer chromatography on PEI-cellulose of
fraction 12e after acid hydrolysis and tredatment with BAP*.

Compound ) '“_ Rf value?

Solvent 1  Solvent 2 Solvent 3

Adenylosucéinic’acid 0.44- ' 0.51 : 6,78
Ns—succinylgdenine. 0.83 0;67 | 0.%2
§6—succinylédenosine | 0.79 0.8 -
12e (untreated) 0.4 | 0.53 0.80
12e (acid hydrolyzed)  0.84°  0.66 0.70
12¢ (BAP treated)  0.80 0.82 -

* Acid hydrolysis was carried out by treatment with 1.0 N _

HC1 for 10 min at 100°. Incubation witH BAP was performed

as described in Experimental Procedure.

t Solvent 1, 0.5 M LiC1/2.0 N HCOOH (1/1 v/v); solvent 2,
¢

1.4 M LiCl; solvent 3, 1.5 M KH,PO,.

-~
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Table 25.‘ Deacendlng paper chrometography of rractlon 12e
after hydrolysis in6 N HC1*

A
Compound ' Ry Value y
L ' . ] -
Aspartic acid | (a) 0.45
AMP (Acid hydrolyzec\ﬁ> | (a) = (b)ﬁb.21'
Adenylosuccinic acid (a) G186 (b) 0.23
: (Acld hydrolyzed) T
~ . SRR :
12e (Acid bydrolyzed) = - (8) 0,15 (b) 0.21

* Acid hydrolysis was carried out by treatment with 6 N HC1'
for 5 h at 1Qg_ in a sealed tube. Approx1mately EO‘Pl of the
hydrolyzates were applled to a sheet of Whatman paper, and
the chromatogram was developed in the downward direction for
27'5 using phenol saturated with water as a solﬁent After
air-drying the}chromatogram the spots waere v1suallzed by

spraying with ninhydrin reagent (Sigma Chemlcal Company).

h N

L3
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' FIGURE

Structure of adenylosuccinic’acid (DEAE~cellulose fraction
12e)s /

-
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Figure 8
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Identification of fraotioﬁ'iﬁwfrom Dowex71—formate‘

~ When fraction 13 from\fhe Dowex-1~formate column was
chromatographed on DEAE~cellulose (bicarbonate fdrm) the -
results illustrated in Fig. 9 were obtained, Th:ee najor
peaks were obtained from this fraction, and the first of
these (13b) was found to be resistant to hydrolysis by BAP,
and therefore simi1af fo'a dinucleoside compound. Column
fractions. 13¢ and 1334 were both modified by BAP and not
analyzed further in this study. |

The results presented in Table 24 show some of the
ultraviolet absorption characteristics of peak 13b at acid,
basic and neutral pH valies. These data are consistent with
the hypofhesis that fractiom 13b conﬁéins equimolar amounts
of both adehine‘and guanine} and since this fraction was
found to be homogeneéus by several chromatographic criteris,
both purine bases must be ﬁresent in the same molecule. When
fraction 13b was treated with 1.0 N ECL for 10 min et 100°
and the products chromatographed on a thin'layer of PEI-
cellulose the results shown in Table 25 were obtained. These
data support the view that both adenine and guanine are
present in the same molecule. The date shown in Table 26
were obtained when column fraction 13b was subjected to total
and labile phosphate and ribose analyses. The observed ratios
were obtained using = éalculated molar extinection coefficient
of 25800 as described in Table 26, and the values are
congistent with the hypothesis that'ﬁBb is a dinucleoside
pPolyphosphate similar to G(5'Ipz(5')A.

ik
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FIGURE 9

Fractionation. of peak 1% from Dowex-1-formate on DEAE-

" cellulose,

-

Peak 13 -from the Dowex-1-formate column shown in Fig, 1

was chromatographed on a 1.5 X 26 cm column of DEAE-
cellulose using a 1700 ml gradient of,NH4HC03, pH 8.6 from
0.002 M to 0,25 M. Each column fraction was analyzed at
260 nm, Fraction 13b was saved for further analysis, but

fractions 138, 13¢c and 1334 were not identified in this

study.
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Table 25. Thin layer chromatography of acid hydrolyzed-
fraotiDE;15b~0n PEI-cellulose®. h

r

Compound ’ | : | Rg Value

Adenine 0.83%

Guanine s - 0.69 |
7-Metpy1 guanine 0.65

‘15b | 0,04 |

13b after agid hydrolysis (a) 0.70 (b) 0.83 £

* About 2 A, units of fraction 13b were treated with 1.0 §
HC1l for 10 min at 100°, After cooling, 25,P1 of the sample
were applied to & plastic coated sheet of PEI-cellulose
that had been washed with water prior to use. Standard
compounds were also applied to the plates and air-dried.

The plates were developed for 2 h using a solvent consisting

of 0.5 M LiCl/2.0 N HCOOH (1/1 v/v). '
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Table 26. Partial chemical analysis of fraction 13b.

Phosphate/Base* Ribose/Base*.
Total © Ilabile
1+56 0.57 0.94

* For the detgrminéfion of base content of compound 13b a
molar extincfion coefficient at 260 ﬁm of 25800 was used
based on the summation of those for AMP and GMP (23), and
assuming 8 5% hypochromic effect for a dinucleotide |
containing AMP and GMP, However, Michelson has observed 'a
hypochromic effect of 12-25% for A(5')p2(5')A (40);
therefore the above extinction coefficienﬁ may be a

conservative estimate.
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In an attempt to elucidate the structure of fraction
13b samples of thls fraction were treated with either BAP,
SPFD or SVPD then chromatographed on a thin layer of PEI-
cellulose ﬁsing & LiC1/HCOOH solvent system. Treatment with.
BAP and SPD did not altef the chromatographic mobiliﬁy-of
“fraction 13b cogpared to a non-treated sample, and these
findings suggested tﬁat.the phosphate groups in this
compound are diesterified as in the diéuanosine poly-:
phosphates (4,41), Since SPD only ?ydrblyzeé dinucleoside
phosphates'containiﬁg a free 5' hydroxyl group it was :
concluded that column fraction 13b contains a substituf@d
51 Hydroxyl group &s describeq for fraction 114 [é(5'>p2(5')é].

In contrast to the above experiments, 15b was found to .
be sengitive to hydrolysis by SVPD, and several Uv—absorblng
spots were detected after chromatography .on PEI-cellulose
(data not shown). When the products of SVPD treatment of
fraction 13b were chromatographed on columns of~DEAE-cellulose
the results shéwn in Fig. 10 and 11 were obtained. fn these
experiments four UV-absorbing products weré found after
hydrolysis by SVPD. The identity of these fractions was
determined by their elution positions from the column, by
their spectral characteristics at acid, neutral esnd basic pH
values (data not shown), and by their chromatographic
behaviour on thin layerslof PEI-cellulose compared to standatd
compounds (see Table 27). The products of
SVPD hydrolysis of fraction 13b were identified as AMP, GMP,
ADP and GDP. In addition, the results presented in Table 28
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FIGURE 10
Partial hydrolysis of G(5')p5(5‘)A.(DEAE-cellulose
fraction 13b) by SVPD.

Nine'units (A26O) of column fraction 13b shown in Eig. 9
were treated wifh 13‘Pg of SVPD for 10 min at 30° as
described under Experimental Procedure. The reaction
mixture waslchromatographed on DEAE-cellulose as described
in the legend to Fig. 4 and each column fraction was
analyzed for UV absorbance at 260 nm. Four distinet
fractions eluted from the column ahead of the unhydrolyzed
-sﬂbstrate [h(s')pB(s')AJ and these were identified by
their UV speétra and chromatographic properties to be AMP,
GMP, ADP and GDP (see Table 27).
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<2

L)

FIGURE, 11 L

Complete hydrolysis of G(5')p5(5')A (DEAE-cellulose
fraction 13b) by SVPD,

Nine units (A260) of column fraction 13b were treated with
1004P8 of SVPD and incubated for 10 min at 30° as
described under Expérimental Procedure. The reaction
mixture was chromatographed on DEAE-cellulose and the

products analyzed as described in the legend to Fig. 10.
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Table 27. Thin layer ohromatography of SVPD hydrolyais
products. or fraction 1§b on PEI-cellulose®.

d~
- Compound Ry Value
;‘ Solvent 1 Solvent 2 Solvent 3
;AMP . 0.82 0.54 " 0.71.
Standerd | GMP a 0.43 0.37 7 - 0.56
Gompoundsf : . : . '
- ADP 0.20 0.39 0.69
‘. GDp , 0,05  0.25 0.57
‘} ] i
y . Peak 1 1 0.80 0.56 0.67
Columi  Peak 2  ° 0.42 0.45 0.63 J
Fractions . - —
.. Pesk 3 - 0,22, 0,34 0466
. . | : . :
P/ . Peak#s 0,10~ 0.21 0.57

12 Nine unit;‘ah260) of fraction 13b were treated with 100™ Pg
,/ of SVPD for 10 min at 30° as described under Experimental

| // Procedure. The hydrpolysis products were chromatographed on

/ & DEAE-cellulose £/zumn as shown in Fig. 17, ﬁnd the contents

o of each peak were pooled and concenofaéed in a8 rotary —

evaporator. About 5O,Pl of each sample were app;led to PEI-

cellulose sheets which had been was%ed_with water prior to

B 55 use, and th% chromatograms were run for 273'h in ‘the .

' apprOprlate solvent ' , .h _

Solvent 1 0.5'M LlCl/2 O N HCOCH (1/1 v/v); soléggp 2,

1.4 M IiCl; solvent 3, 1.5 M KH2P04.
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Teble’ 28. Products of SVFD hydrolysis of fraction 13b*.

Column Fractionsﬁ.Parti&l Hydrolysis Cqmpiete Hydrolysié

AMP bt 0,273
GMP 0.078 0.102
ADP . 0.066 0.101
GDP 0.106 L 0.266 N
o , | 1
¢ \qab 0.250 -

+

* The data are shown in Pmoles and were calculated from the

results shown .in Fig. 10 and 11,

|

LRl T LR
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show that hydrolysia of fraction 13b by SVPD results in the
production of nearly equimolar quentities” of AMP and GDP, and
less but nearly equimolar quantities of GMP and ADP, These
result§ are conaistent_with the hypothesis that column fractioh
13b is G(5')p5(5')A of the structure shown in Fig. 12.

Finally, the identity of fraction 13b as G(5'?p3(5')A‘was
confirmed by chromatography along with commercially available
G(S')pé(S')A on thin layers of PEI-cellulose using three
different solvent systems, The results of these experiments

are presented-in Table 29, and they support the conclusion

that fractlon 13b is G(5 )p (5)A.

Identification of fraction 16 from Dowex—ﬂ—formate

When fraction 16 from Dowex~1-formate was chromatographed
on DEAE-cellulose (bicarbonate form) six Uv-absorblng fractions
were resolved, The results of this experiment are illustrated
in Fig. 15« The major peak (16f) has been identified .
prev1ously (4) to be G(5! )p (5')G. In & previous study (A.H.
Warner, unpublished observatf}ns) ATP was found t&?ﬁe present
in the same column fraction as G(5')p5(5')G from Dowex-1-
formati{”Paper chromatography and UV-absorption analysis of
column fraction 164 compared to authentic ATP confirmed the
ddentity of fraction 16d in Fig. 13 as ATP (data not shown).

%y comparison peak 16b from DEAE-cellulose was found to
have ultrav1olet absorpfkion properties similar to those for

uridlne-containing compounds. These UV-sbsorption

characteristics are shown in Table 30. hhen & sample of

[

»



75

{

FIGURE 1h

\

LN

. ) . .\“ .
Proposed structure of guanosine(ﬁ')triphdspho(s')adqpqpine

: 9
(DEAE-cellulose fraction 13b).
.‘ \ - ]
The arrows indicate the positions of hydrolysis by SVPD,

#

¥
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Figure 12
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~ Table 29, Thin layer chrométography of fraction 13b compared

to authentic dinucleoside gompounds on PEI-cellulose

4

a

Comfound - Re Value*

Y

Solvent 1 Solvent 2 Solvent 3

6(5'p(5')6 0.25  owst 0.0
G(B')p;(B')G - 0,01 0.25 0.0 ")
G(5')pz(5" )A‘ | 0404 0..46 0.57
6(5')p, (506 0.0 - ™ o.07t 0.0
13b 0.04 0.47 0.56

* Solvent 1, 0.5 M LiC1/2.0 N ECOOH (1/1 v/v); solvent 2,

14 M LiCl, solvent 3, 1,5 M K§§904'.
t These coﬁpbunds were found to trail considerably in this

solvent.
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FIGURE 13
y ,
Fractionation of peak 16 from Dowex~1-formate on DEAE-

cellulose.

Peak 16 from the Dowex-1-formate column_shown in Fig. 1
was chromatographed -on & 2.5 x 50 cm column of DEAE-cellulose
using a 2300 ml gradient of NH4H0Q3, pH 8.6 from 0.002 M to
0.25 M. Each column fraction was analyzed at 260 nm and the
identity of the major.;;ak'(16f) was confirmed by its
spect?al and chromatographic properties to be G(5')p3(5')G
88 described previously (4). The identity of peak 164 was
-also 9onfirmed by means of its spectral and chromatographic.
properties to be ATP, FracEion 16b was saved for further

L ] ﬁfalysis; but fractions 16a, 16¢c and 16e were not identified

- in this study.

C



"y

O/o
.,\-—-“’ . N Re!
0 - oJ
-5 .
\ ey |
. [=]
Q e
QC’\O .
\o O
18
——----_ -
-____________——o-—-,—-—-",—______o )
B N z
¢ o
"--.5___\:°- g
0 o 5
fa) o—° =
©0e° o g
Qo ool 5
40
[ o/ e
© o

I74

% | 4 /" T
) ~ N o~ % ~/
ooz 1y 3ONVEHoSeY !/ -

2y



e

80

-

. * fydeaBogemoayo ,
aefwy uryy £q umoyYg BV sand Lyeserdmoo jou 8vM QoL 38U3 3083 U3 oq enp T STIYUL
spuncdmoo Buturejucd-euUTPTIN ¥ J0J pesoadxe usyj} Joy3Ty °ode owm<“omm¢ J0J SenTBA 1

gogeyquedsed ut wmoys eas JWN I0F BONTBA «
=

‘ (HO®N N LO°®0 0%
(6¢2) ¢¢e2 (g£92) 292 (90°0) 80°0 (L£°0) LH"0 (€4°0) G4°0 peasunlpe) OTSed

- o=t

(¢-zg2) 2z (€92) 292 (£0°0) 60°0 (6£°0) 90 (04°0) G40 TBI3NON

. _ | . (TOH N L0°Q 02
Ammmv._‘mmﬁmummmummmGo.S:\.qS#.oum#.o 8%8&..0859?&33

snapury  mapxey | 09¢y:062y +8mﬁowm< 092,052y

(wu) nvmnmﬁmbms ) Oﬁpmm.hunmnnomn¢ ud

“+dHll O3

@onmmaoo qolL uWoT49BaF JO moapmﬁnmpumnmno uotqdiosqe 36TOTABIZTN *0% °TA¥L

*l\



-

81

-

»

rraction 16b was treated with either 1.0 N HC1 (100° for 10
min) or BAP (30° for 1 h) its chromatographic mobility on PEI-
cellulose was altered as shown in Table 31. The hydrolytic
products which resulted from ecid or BAP tresatment had o
chromatographic mobilities identical to UMP‘acd uridine,
respectively. These data together with the spectral analyses

auggeet that fractlon 16b is identical to UDP,

Identification of fraction 17 ;ggg‘nohex-ﬂ-fopmate

In some chrometographic experiments.ef tce aci@ extract'
from Arfemie, fraction 17 which contains G(5')p,(5')G (4) was
found to separate into two peaks when the concentration of
G(S‘)p4(5')G was very low. In the gxperiment shown in Fig. 1
no fractionatioc of the components.of peak 17 was apparent.
However, when the trailing edge of peak 17 was pooled and
hromatographed on & column of DEAE—cellulose (bicarbonate
form) tcg results shown in Fig. 14 were obtalned. Spectral
analyees ef fraction 17a and 17b 1ndlcate that both pesks
contain only guanosine as the major UV-absorbing moiety (data

nof shown), and chemical and chromatographic analyses indicate

that peak 178 is identical to GTP (see Tables 32 and 33). Peak

17b was found to be G(5')p4(5')G as described previously (4).
Thus, the major component of fraction 17 from Dowex-1-formate
(shown in Fig. 1) is G(5')p4(5')G, and the trailing edge is
rich in GTP which usually is not resolved from G(5'jp (5')G in
this chromatographic eyetem unless the concentratlon of

G(s5! )p (57)G is low.
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Table 31. Chromatography of acid hydrolyzed and BAP treated

fraction 16p*-

o

Compound ) Ry Value'

PEI-cellulose Whatman 4
A
Solvent 1 Solvent 2

Uriding 0,84 | “ -
UMP | | 0,60 -
Unf o 0.10 0.74
16b o | 0.08 0.75
i6b‘(Aqid hydrolyzed) 0.60 -
16b (BAP treated) © 0.86 ‘-

* Acid hydrolysis was carried out by treatment uith’1¢0 N
HC1 for 10 min at 100° under conditions which hydrolyze
pyrimidine-containing nucleoside'diphosphates to nucleoside
monophosphates. Treatment with BAP was as described under
Experimental Procedure. . X

T solvent 1, 0.5 M LiC1/2.0 N BCOOH (1/1 v/v); solvent 2,
0.1 M sodium phosphate, pH 6.8/(NH4)2804/n~propanol
(100/60/2 v/w/%). . -
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FIGURE 14

Fractionation of peak 17 from Dowex-1-formate on DEAE-

cellulose.

The trailing edge of pesk 17 from the Dowex~1-formate

" column shown in Fig. 1 was chromatographed on a 1 x 30 cm

column of DEAE-cellulose using & 1000 ml linear gradient of
NH4H005, pH 8.6 from 0,002 M to 0.25 M. Esch ¢olumn fraction was
analyzed for absorbance at 260 nm and the 1dent1ty of peaks

170 as G(5* )p (5')G (4) was confirmed by 1ts spectral and
chromatographic properties. Fraction 17a was gaved for

furfher-analysis.
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Table'32. Partial chemical analysis of fraction 17a*,

Phosphate/Base . Ribose/Base Nitrogen/Base
. o /
Total . Labile
- 2.84 1.94 0.90 - ~ 5,00

* Determinations of base content were made using a molar

extinetion coefficient of 11700 at 260 nm for guanosine (23),

[N

’ ..“’
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Table 33. Chromatography of fréction 178 compared %o GIP.

Compound .. Ry Value* g -

€ PEI-cellulose Whatmen 1

Solvent 1  Solvent 2 'Solvént 3

GTP . . - 0.23 0,40 0.56

17a _0.21 0.40. 0.56

e

.,“Sb1vent 1, 1.4 M LiCl; solvent 2, 1.5 ﬂ_KH2P04; solvent 5;

0.1 M sOdium'phoaphate, pH'6.8/(NH¢)2504/n—propanol
(100/60/2 v/w/v). - . . '

s

r
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By -the use of ion-exchange chromatography the acld—

soluble nucleotide fractlon from dormant embryos of the

brine shrimp, Artemia. salina, has been resolved into more

than 25 nucleotide components. Most of the common nucleotides
were shown\previously to be present in dormanﬁ~ehoysted ‘
embryos of Artemia in addition to large amounts of diguanosine
tri- and tetraphosphate [G(5')p;(5')G and G(5 )P4 (5 )G]
(2,4). However, several UV—absorblng-aoid—soluble compounds
derived from Artemia cysts remained to be\identified.

Dormant embryos of Artemis salina are encased in & hard

shell consisting 'of two regions. The outer region which
contains & dark pigment is of maternal origin, whereas the
less pigmented inner region is of embryonic origin (44). The
shell has been ahown'by Dutrieu to contain 50% protein, 10%
chitin, and+a number of other components (45). During
development of dormant; embryos of the brlne shrimp the larvae
flret "emerge” from the outer shell enclosed in & hatchlng
membrane, and then after several hours this membrane ruptures
and the larvae "hatch" (44) During this process the larval
exoskeleton appears, although 1(§~origin in the undeveloped
cyst remains uﬁd%termined. The exoskeleton of Crustacea
consists basicallp of a hardened cuticle composed of a chitin-
protein complex, stiffened and hardened by the deposition of
calcium salts or orgenic materials such- ag quinones (13).

S
Chitin, which is located in the inner thick layer of the

-

o

. , 87 :



cuticle (the endocuticle) is a major coﬁetigﬁgnt of the
‘gxoskeietoﬁf.lf consists of a high molecular weight'homo-
polymer of P(ﬂe#)llinged Ndacetyl—Drgxucosaminé with no
brahchiﬁg in the carbohydrate chain (13). It is synthesised
from UDP-N-acetylglucosamine in a reaction catalyzed byr

chitin synthetdse as shown below.(14). . .

UDP-N—acetylglucosamine + (N—acetylglucosamiue) g;igigtas;?\

UDP + (N-acetylglucosamine)
lengthened chitin .
chain _ S T

n+1

Therefore, if N-acetylglucos&mine is & soluble precursor of
chitin it should be present iﬁ a é}stem such as Artemia
embryos in which exoskeleton formation is occurring. Thus, of
the sevefal compounds identified in this study, one-was found
| to be UDPéN-&cetylglucoaamine‘(QPP—NAG) (column f}action 12b)
as shqwn in Pig. 7. This compound is¢probably identical to
UDP-X which was described by Wwarner and Finamoré (2), but
which was not identified’by them. Although UDP-NAG has not
been.deacribéd previously in the brine shrimp, it has been
deseribed in other crustaces (15) and-in a varie%y of |
other animal tissegﬁ_and bacteriﬁ (16)s Chitin-biosynthesis
has not been studied in Artemih but iﬁ appears that the
UDP-NAG found in acid extracté of Artemia cysts 1s the
primary;soiice of N-acetylglucosamine for chitin biosynthesis
during exoskeleton formation in the developing embryo.
Previous studies of nucleotide metabolism in adults &nd

empryos of the brine shrimp have indicated that Artemia .

possesses a4 unique mechanism among eukaryotic organisms for
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the synthesis of purlne—containlng qompounds. First of all,
- both adults and embryos are unable %o syntheslse purines de
novo (1), and secondly the embryos 8appear to utilize part of -
the large store “of G(5' )p4(5 )G as the primary source of ATP
during development (15 In this study two compoﬁn&é jmportent
"in purine biosynthesis have been found in scid extracts of
dormant . embryos. They nave been purified by 1on-exchange'
chromatography and 1dent1fled by thelr spectral, ﬁhemical and
chromatographic propertles.,They are “inosine 5'—monophosphate
(IMP) (column fraction 10c) and adenylosucc1nic acid (SAMP)
(column fractmon 12e). The chemical structure of the latter
is shown 1in Fig. 8, and both compounds are of con51derable
interest in the regulatlon of purine metabollsm in Artemis °

embryos. 1t is well known that IMP is & key intermediate in
‘gg.gggg_purine biosynthesis and thus it is a precursor for
both adenine and guanine—contalnlng nucleotldes. In addition,
SAMP is an impoftant intermediate in the blosynthe51s of AMP.
The relationship between IMP and SAMP in purlne blosynﬁheSLS
is shown in Fig. 15.

In an earlier study Clegg et al. (1) showed that nauplii

of Artemia salinas are incapable of de movo purine biosynthesis,

but convert guenine compounds %o adenine compounds as required
by the organism for the synthesis of adenosine nucleotides.
The reason(s) for thls inability of Artemia neuplii to
synthesise purines de novo is (are) unknown at the present
time, but it is possible that oné.or all of the enzymes in,

the de novo pathway of purine biosynthesis are inhibited or



FIGURE 15

Pathway for the production of AMP and GMP from IMP.

" Enzymes are: 1, adenylosuccinate synthetase; 2, adenylo-
.succinate lyasey 3, inosine monophosphate dehydrogenase;
4 guanosine mbnophosphate synthetase; 5, guanosine

monophosphates redudtase.
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lacklng. Thls same metabolic deflclency is also shared by
Artemla adults (6). |

Purine biosynthesis.in micro—org&nismé is known to be
regulated at two levels (46,47). The first of these involvgé
regulation of the de novo pathway leading to IMP‘,' and there-
fore provides common éontrol over the biosynthesis of all
purine nucleotides. The sedonF level of control involves
regulation of the branch pathways leadiné from IMP to AMP or
GMP, and serves to régulate the relative amounts of these —
two nucleotides. Perhaps puripe Biosynthesis ig_the brine“
shrimp is under similar control to:that described above, and
therefore high levels of purine nucleotides as observed in
Artemis embryos might inhibit de novo purine biosynthesis. In
paérticular, the:extremely high levels of diguanosine
nuéleotides present in undeveloped embryOS'qou; e a
profound effect on the quantities of purine nucleétides
éynthesised. In this respect, it is noteworthy that guanine
derlvatlves inhibit the enzyme IMP dehydrogenase (46) and thus
1nh1b1t the formation of XMP. Of interest is the fact that
no XMP could be detected in brine shrimp cysts in this study.
Thus, it appears that IMP dehydrogenase is inhibited by the
high level of GMP found 1n extracta of cysts resulting in the
accumulation of IMP. GMP is indeed present in a high
concentration in the cysts (seelFig. 1, peak 8); and most of
this nucleotide is p;;sent in theicytosol (3). Since GMP is
an effective feedback inhibitor of its own biosynthesis from

IMP (see Fig. 16) it is uniTkely that this compound arises
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FIGURE 16

Proposed pathway for the production of AMP from
G(5')p, (5')G. ‘ .

Enzymes are: 1, diguanosinetetraphosphate guanylohydrolase;
2, guanosine monOphosp%ate reductase; 3, adenylosuccinate
syntheta59; 4, adenylosuccinate lyase; 5, inosine

monophosphate dehydfogenase; 6, guanosine monophosphate

. synthetase,
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from IMP in the cysts but from some other source. Most likely
GMP is derived duﬁing'early development from the: hydrolysis
of G(5')p4(5')G by the enzyme diguanosine tetrapposphate
guanylohydrolase whicﬁ‘is'present in the cftoéol of encysted
embryos (48,49). Part QFlthe GMP produced in this“way is \
probably converted to IMP b reductase as sugéested by
Renart et al. (50) (see Fig. 1% and 16). Furthermore, the
formation of IMP from GMP is probably enhaﬁced by G(B')p4(5‘)G
which has been shown to be & positive effector of GMP reductase
(50). Therefore, both G(5')p4(5:)G and gganosine”tetraphosphate
guanylohydrolase appear to be important as stimulators of AMP
synthesis (see E{gy 16). The existence of tﬁis pathway in
Artemia is supp;rted by the finding'of relatively large
quantities of SAMP in Artemia cysts. In Artemis embryos SAMP
may accumulate as & result of the absence or inhibition of
the enzyme ddenylosuccinate lyase which converts SAMP to AMP.
it is interesting to note that this enzyme is also required
in de novo pugine biosynthesis at a step prior to IMP (51);
thus if it is inhibited or deficient in brine shrimp cysts
purine biosynthesis would be inhibited during development.
This view i=s éonsistent with the observations of Clegg et al.
(1) who demonstrated that purine biosynthesis de novo does
not occur in the nauplius larva of Artemia,

In certain mutents of micro-organisms (52) Gots and
Gollub have observed that the lack of the enzyme adenylo-
sBuccinate lyase causes a block in two positions of the purine

biosynthetic pathway. First there is & block in the conversiont_
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of SAMP toﬁkMP,'énd aecond fﬁere is & bIOGE in the conversion
“:6£ 5—amino—4-imida£ole-ﬁ—sugcinocarboxamidéﬂribonuqleotide
(SAICAR) to 5—amino—4—imidazole&arboxamide'ribonucleotide
‘(AICAR) in which case SAICAR. accumulates. Perhaps in Artemia
there is an analogous sltuation to accou;;’;;r the accumulation
of SAMP (and maybe SAICAR also), and consequently de novo
purine biosynthesis cannot occur. An examination of the levels
‘B SAICAR and of the enzyme adenylosucclnate lyase would be
useful in testing this hypothesla. - .

In embryos of Artemia salina the ‘mode of biosynthesis of

adenosine nucleotides is unusual, and the synthesis of AMP
and ATP appears to occur by different routes (12). In fact,
Van Denbos and Finamore have proposed that ATP is syntheéised
from G(B')p4(5')G through the intermediate A(5')p4(55)G (12).
However, A(5')p4(5')G was not detected in acid extracts of
Artemia cysts in this study; therefore proof of this pathway
must await further experimentation.

In this study two mew dinucleotide compounds of potential
interest in nucleic acid metabolism were identified. They are
guanosine(St) iphos?ho(S')guanosine [b(B')pg(S')G] (column.
fraction 11d§\and guanosine(5' Ytriphospho(5')adenosine
[G(5')p3(5')A] (column.fraction 13b). To the knowledge of the
author this is the first time these nucleotide anhydrides
have been described in a'fiological system, although
. G(S')p2(5')G has been synthesised chemically (53) and
A(5')93(5')G synthesised enzymatically iE vitro using E. coli
1lysyl tRNA synthetase (11). (4 report describing the



.
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1dentificafion of these two compounds in dormant embryos of
the brine shrimp has been éubmitted"for publication (5#)).
The identity of column fractions 114 and 13bfas
G(5" )p2(5 )G and G(5" )p (5')A, respectively\waa based on the
results of several chemlcal physical and enzymatic analyses'
of these compounds compared to commerclally available standards.
Chemically, fraction 11d is 1dentical to GMP and c¢GMP, but it
is resistant to hydrolysis by BAP -and has chromatographic
properties on thin layers of PEIfcelluiose different from
either of these nucleotides. Similarly, fraction “13b was
found .to be resistant to hydrolysis by BAP. Thesé data R
suggest that the phosphate groups in both compounds are
dieéterified 83 in diguanosine tri- and tetraphesphates
described previously (4,41). In addition, the enzyme studies
indicate that the phosphate groups in both molecules afe
esterified through the 5'. position on the ribose. Thus, both
compounds &are resistant to hydrdlysis by spleen phospho-
diestérase which requires a free 5' hydroxyl group for
hydrolysis, and seqsitive to snake venom phosphodiesterase
which requires a free 3' hydroxyl group for hydrolysis. The
chemical and enzymatic analyses are consistent with the
structures shown in Fig. 5 and 12 for column fractions 11d
and 13b, respectively. Fur%hermore the results also show that
SVPD hydrolyzes G(5')P3(5')K preferenfially at position 2
shown in Fig. 12, rather than at poaition:j. Thus; GDP and
AMP are produced in equimolér quantifies at a faster rate

' than GMP and ADP, the products of hydrolysis at position 1.
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' In dormant: embryos of Artemia salina the most abuhdant

nucleotide is G(5])p4(5')G which comprises about 4#5% of the

'UV—absorbing material in. the extract .and about 2%* of the

embryo dry weight (2 d) By comparison, the two ﬁew
dinucleoside compounds described here [G(S )p (5')G and
G(5 )p5(5 )AJ-comprise only=abou§ 0.5% each of the UV-absorbing
matefial in the acid-soluble fraction from cysts or about
0.03% each of the cyst dry weight. ng_significance_and
fﬁnetién“of G(S')pé(S')G and G(5')p3(5')A in Artemia‘emﬁryos

as well as their mode of biosynthesis is unkndown at the

present time.

It is noteworthy, however, that about 75% of Artemla
cyst mRNA has the 5' tekminal’ "cap"'structure of .

7G(5 )p (5' )AmpGp, wherneas the remainder of the "capped"
DRNA has the structure 7G(5 )p (5! )GmpGp (55). Since

translation of Artemia mRNA in a cell~=free wheat germ system

is inhibited by synthetic "caps" such as m?G(5')p5(5')Gm and
m?G(5')p3(5')Am (55), it is tempting to gpeéulate that
G(5')p3(5')G and G(S')pg(S')A play a rolefin the regulation
of protein synthesis during the development of Artemia. This
could only be the case, however, if the embryos contain an
enzyme system that specifically methylates the gusnosine

moiety at the 7 position.

* This value was calfulated from- the data in Ref. 2,
and on the basis that there are 250 cysts per mg dry weight.

. ————dydy
e \
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\ The origln of the dlnucleotlde compounds described in

this study in undeveloped embryos of the brine \bnnmp 13 st111
obscure, It is possible thaé G(5 )p5(5 JA arises due to mRNA
hydrolysls, although no methylated dlnucleotldea‘gere

detected in acid ei%radts of Artemia cysts in this studyg‘f
Thus, if G(5')p3(5')4 [and G(5')p (5')’G] is a'cap’ metabolits
demethylatlon of the "cap" must héve occurred before' ‘cap’
hydroly31s. N

| Another possible source of G(5' )p (5" )A may be from the
am;no ac;d activation reaction. Several years ago Zamecnik

and his colleagues reported that various dinucleoside
.polyphosphaﬁes are synthesised in vitro from mononucleotides
iﬁ the back feaction of amino acjid activation using lysyl-
HRNA synthetase from Q.'gggi (10,11). In their spudies these
investigators observed that hybrid dinucleoside polyphosphates
such as A(S')p4(5')G and A<5')p3(5')G are also synthesised

in vitro when Gg? is added to their lysine activating

sistem. In contrast, partially purified lysyl-tRNA synthetase
from Artemia cyst cytosol 15 inactive in the synthesis of‘
G(5 )p (5')G. (A.H. Warner, unpublished observatlons) but it

is not known whether this enzyme will catalyze the synthesis |
of dinucleoside polyphosphateé or hybrids. such as_G(B')p5(5')A.
Another possibiliEy is that G(5')p5(5')A is stored in yolk
platelets  in Artemia and its syntheéis catalyzed by GTP:GTP
' guanylyltrensferase from Artemia yolk platelets in the
presence of an adenosine nucleoti@e”§56;57). Siﬁce

G(5‘)p5(5')G pas been shown to be derived from G(5')p4(5')G e
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in yolk platelets by the nucleophllic attack of GDP, perhaps

ADP can also act a3 a nucleophile in a gimilar reactlon with

t.

G(5" )p (5')G to yield G(5* )p (5 JA and GTP, Similarly,

G(S" )p (s )G could be formed by a nucleophlllc attack by GMP
on G(5' )p (5*)G or G(5° )p (5 )G. An understanding of the mode

"of biosynthesis of G(5' )p (5 )G and G(5"' )p (5")4A w111

contribute greatly to our overall knowledge of dlnucleotlde

metabollsm in Crustacea.

-

In addition to those compounds described .above several

~ other compoﬁnds have been identified in the acid extract of

brine shrimp cysts. They are UMP (10b), ADP (11c), UDP (16b)
and GTP (17a). These compounds (with the excepyion of UDP)
have been demonstrated previously in acid extracts of Artemia
embryos (2) and consequentl& their presence has not been

elaborated upon in this thesis.
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