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1. Intreduction -

Cell aggregation is an essential process for cell dif-
ferentiation in multicelular organisms [1]. The regu-
lation of this process by physiological effectors is an
interesting unsolved problem. In the cellular slime
mould, Pyctiostelium discoideum, the aggregation and
differentiation is regulated by the purine derivatives
cyclic AMP and 5" 4MP [2]. Moreover adenine and
adenine-countaining nucleotides activate a differentia-

“tion-inducing protein, which induces the multiplica-
ticn and differentiation of macrophages and granulo-
cytes [3]. In this connection our finding of a strong
aggregation stimulating effect of crude lens concen-
trate as well as synthetic Cs-sub'étituted purine deriva-
tives seems to be of some importance [4] . Our test
system is ditferent from others since the cells are not

trypsinized and remain in connection with their native

substratum. The aggregation of the lens epithelium
cells can be observed after parts of the lens capsule -
with the adhering epithelium cells are transferred to
the culture medium at 37°. The aggregation promot-
ing substances enhance the accumulation of the orig-
inally single layered epithelium cells into cord and’

heap-like aggregates during the first 4 to 10 hr of tis-
sue culturing and/for retard the spreading of the aggre- -

gated cells into a monolayer-like cell sheet [4]. This

Dcdﬁcated to Prof. Dr. Dr. SM. Rapoport on his 60th
buthday .
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paper deals with the isolation and the identification
of the aggregation sumulatmo substances from bovine
eye lenses S '

2. Matermls and meﬁmda

2.1. Since the aggregation promatmg activity of thg
crude lens homogenate turned out to be heat stable
low molecular weight substances, we prepared a de-

‘proteinized lens concentzate as follows: Bovine eye

lenses were prepared from young cattle (1.5 yr old)
12 hr after sacrifice. After removal of the lens cap-
sule the {iber material of the lens cortex was loosened
in distilled water (10 mi wat'ei.pcr lens) by continuous
stirring at room temp. The lens nuclei were discarded.
The fiber material was homogenized at room temp.
The homogenate was deproteinized by lowering the

pH to 6.0 with 1 N HCI, followed by heating in toil-
" ing water for 30 min. After centrifugation at 12,000¢

for 5 min the supernatant was concenta'ated IGO-fo%a
in a rotatory vaponzer at 50°.

2.2. Ion exchar;ge chrom&t_agmﬂ:y wnh DEAE-
Sephadex A-25 (Pharmacia) was used for the separa-

~tion of the low molecular weight substances. Having -
‘tegard to the biological test system we used volatile -

elution media. Elution was with water followed by un

' HCI gradient, linearly rising up to 0.2 N.-HClL. The elu-

tion absorbance profile was continuously recorded at
254 nm. The eluted fractions were dried in a rotatory
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:vaponzer an(i dlssolved in dlstllled water, the finat con- |

‘centration. was 50—-100 tzmes lugher than the in vivo -
fconcentrauon R : , :

2 3. Peptldes (peaks 1-5, fig. 1) were h), dmiyzed wnth ,

6N HCK at 105 for 24 hr- _

2 4 Peptzdes and amino aczds (peaks 1—5) were sepa-
rated by. paper chromatogt aphy in sec. butancl/85%
formic acid/water (75:15: 10) and stamed w;th ninhy-
drin [S]..

2.5. Hydro!yszs of :he mec;eattdes was. performed ac-
cording to Marshak et al. [6] with concentrated per-
chioric acid (70%; D,g 1.67). After hydrolysis the per-
chloric acid was neutralized with a 12 N KOH and the
prec;pttated potassium perchiomte discarded. The
supernatant was dried and the nucleo bases were redls-
solved in 0.4 N HCI

2.6'. T?u‘n Izzyer clhiromatography: The layers were pre-
pared by the methods of Mangold [7] and Randerath
[8] with some minor modifications: 15 g Cellulose
MN 300 G or MN 300 UV, (Machﬂrey, Nagel and
Co.) were suspended in 40 ml ethanol (96%; v/v) and
50 ml distilled water; 10 g DEAE-Cellulose (Serva) in
60 mi distilled water and 8 g PEI-Cellulose (Sewva) in
60 ml distilled water. If not otherwise noted 0. Sgof
the ﬂuerochrqmophore ‘Leuchtpigment ZS-Super
{Riedel DeHaen) were added. The chromatographic
“separations were performed on Cellulose MN 300G
with solvent systeras A, B, C, D, on Celiulose MN 300
UV,s4 with E, on Cellulose MN 300 G (without -

; &uchtpxgment) with F, G, on DEAE- CrHulose with
H and on PE[-Cellulose with I, K, L. Solvent systems:
(A} n- butanol/acctone[g!acnm acetic acid/ammonia/
water (35:25:15:15:10; by vol.) {8];(B) saturated
ammonium sulfat"f M sodium acetate/isopropanci
(80:18:2; by vol.) [8];(C) 0.1 M phosphate buffer
{pH 6.8)/saturated ammonium sulfate/n-propanol
{75:45:1.5; by vol.) [9] ; (D) n-butanol/water (85:14;
by vol.) [10]; (E) n-butanol/ methanol/water/conc. -
ammonia {(60:60:20:1; by vol Y1101 ; (F) methanol/ "
conc. HClfwater (70: 20:10; by vol.) [10};(G) isopro-
‘panol/cone. HCl/water (85:20.5:19.5; by vol.) [9]:
(H) 0.02 N HCI [8]}; (D025 M LiCl {10];(K) i N

' LH3C00H El()] (L) 2% (v]v) H3BO3/ 2M LiCl

(" 13 ‘i’ﬂ {I l}
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'After‘d@veldpment the compounds were located

_on the chromatograms by short-wave uitraviclet light
- and marked on the plates. For reference the following

compounds were used: nucieo bases: AT, G, X, C, U,
T, (Serva); H (Reanal); ribonucleosides: Ado, Guo,
Ino, Cyd, Urd (Serva); deoxyribonucleosides: dAdo,
dGuo, dCyd, dUrd, ¢Thd E(Sé'rva); ribonucleotides:
Ado-5"-P, Ado-3":5"-P, Guo-2'(3')-P, Ino-5"-P, Cyd-5'-
P, Urd-2'(3")-P, Urd-5"-P (Serva) Ado-2'(3")-P, Ado-5'-

Py, Ado-5-P4; Cyd-2'(3")-P ((Reanal) deoxyribonucleo-

tides: dAdo-5"-P, dGuo-5"P, dCyd-5'P, dUrd-3"P,
dThd-5"-P (Calbiochem); other compounds: NAD,

- NADH, NADP (AWD, Dresden), UDPG (Serva}.

2.7 Ultraviolet spectra of the solated substances were
recorded with a continuously registrating spectro-
photometer Unicam {SP 800} at oH 2.0.

2.8, Testzf)zg of the isolated substances for ageregation
promoting activity was done as previously described

[41.

3. .Resul ts

. The elution pattern of the ultraviolet-absorbing
substances eluted from the DEAE-Sephadex column is
given in fig. 1. This figure also summarizes the data ob-
tained by UV—spectraphotpmetry, thinlayer chroma-

tography, and the cel aggregation test. The crude lens

concentrate was separated into.15 peaks. In the first
line we have tried to identify the substances in those
peaks which could be shown to have an aggregation
promoting activity. The mixture of ail the non-UV.a b-
sorbing material (the matked inierspaces, fig. 1} was
completely inactive regarcing cell aggregation: Ten of
the 15 peaks were active in stimulating aggregation.

- Five of them (7, 8,10, 12, 13) contained a Cg-substi-
© tuted purine nucleotide. The spectra of these sub-

stances wege in good agreement with the results ob-
tained by thin-layer chromatography. In 3greemem :
with the aggregation ptomotmg activity of the corre-

- sponding synthetic uompounds peak 7 (Guo-5'-P) stim-
) ulated the aggleg'xhon down to about 5 X 107 5 M,

1 Abbreviations ac«.ordmb to [UPAC-iUB tentative rulea
(1965).
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Fig. 1. Elution pattern of the tow molecular weight substances of the bovine eye lenses afier chronﬁatdgraphy on DEAE-Sephadex

with data on aggregation promoting activity and anaiy tical results. The solid line represents the abserbance at 254 nm and the bre-

ken line gives the concentration of HCI during chromatography. Capital letters in brackets give the sofvent system by which the

identity of the isclated substance with the synthetic compaaund was estabhshed Besides the main component gwen thexe are tm-
purities from peak 106 to which the aggreg..non promoting activity may bc due

]
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Fig. 2. Paper ch:omatoe.raphu sep:uathv of the nmhydnmposmve mhstances of peaks 1—35 befcre and after hy d“oi\ siz {H) with

6N HIU Leu = leucine. -

peak & (Eno*S P) down to about 10”5 M and peak 10
(Ado-3"-P) down to about 5.X 106 M. Two active
peaks (4 and 5) contained besides amino acids _zmd
peptides a mix ture of different nucleobases andfor
nucleosides. After hydrolysis the presence of Cg-sub-
stituted purines could be demonstrated. The material
from peak 6 and 9 was not sufficient for a correct
analysis. The aggregation stimulating ¢ffect of peak 11

(Urd-5 P} is certainly due to impurities from peak 10 -

{Ado-5"-P) as syntheuc uridine derivatives are without
effect on the aggregation phenomenon [4]. Some re-
“sults of peaks inactive regardma cell aagreganﬂn are

' als() given in figs. 1 :md 2.

4. Discussion
‘The aim of our investigations was the identifica- -

tion of the aggregation promoting substances from
the lens. Therefore we did not attempt to completely

identify all the isolated fractions. Our hope of finding

any one substance with a high specificity regarding
“cell aggregation has not been fulfilled. All of the iso-.
lated aggregation promoting substances could be iden-

tified as natuzally occurring nucleotides. But an im-
'portant result is that the aggreganon stimulating sub-
Stzmczs centameé n tbe lens xis«“lf show thc same

- specificity as it was found with synthetics [4]. Al

of the aggregation stimulating fractions contained Cg-
substituted purine derivatives. Fractions containing ~
amino acids, pepndes or pyrimidine derivatives but no
purines were completely ineffective. This finding

peints to the presence of specific receptor. II}GiELﬂieS,
- Moreover, the stimuiation of cell aggregation with

rather low concentrations of Cg-substituted purines,
e.g. 2 X 1076 M-Ado-5"-P {4] . demonsirates a high
sensitivity for such effectors. There is much evidence
that in our test system the Cg-substituted purines

interfere with cell—substratum interactions [13]. The

cell adhesion to the substratum is thought to play an
important role. for the regulation of cell movement
{12]. A possible action of the effective purine deriva-
tives on membrane bound enzymes or on enzyme activ-
ities of contractile proteins has been discussed {4, 13}.

‘We are now looking fo- _ach enzvmss sensitive to
Cg-substituted purine derivatives.
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