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A C T A  B I O C H I M I C A  P O L O N I C A  

V o l. 16 1969 N o . 3

JADWIGA PURZYCKA-PREIS and M. ŻYDOWO

PURIFICATION AND SOME PROPERTIES OF MUSCLE 
AMP-AMINOHYDROLASE FROM CARP (CYPRINUS CARPIO)

Department o f Biochemistry, Medical School, Al. Zwycięstwa 42, Gdańsk 6

1. A  procedurę for purification  of A M P-am inohydroIase from  the  
m uscle o f C yprin u s carpio  has been described. 2. B y applying  
am m onium  sulphate fractionation, calcium  phosphate gel adsorption  
and cellu lose phosphate chrom atography, a 400-fold purification of the  
enzym e w as achieved. 3. The high specific ity  of the enzym e, its pH  
optim um , M ichaelis constant, inhib ition  by fluoride and p-ch loro- 
m ercuriphenyl sulphonate, and activation  by un ivalent cations resem ble  
very m uch the properties of analogous enzym es obtained from  m uscles  
of m am m als.

A M P-am inohydrolase (ЕС 3.5.4.6), an enzyme which catalyses the  
deam ination of adenylic acid, was firs t described by Schm idt (1928, 1932, 
1933) who dem onstrated also its specificity for 5'-AMP. The enzyme is 
w idely d istribu ted  in anim al tissues (Conway & Cooke, 1939; Purzycka, 
1962), the  greatest am ounts being found in muscle. The enzyme was 
purified  by K alckar (1947) and N ikiforuk & Colowick (1956), and Lee 
(1957) obtained a crystalline p reparation  from  rabbit muscle. Recently 
a rap id  m ethod for preparation  of crystalline enzyme from  rabb it 
skeletal m uscle was presented by Smiley, B erry  & Suelter (1967). Using 
cellulose phosphate  chrom atography, they  obtained directly  from  the 
crude ex trac t a preparation, of which the  yield and degree of purification 
w ere h igher than  reported previously. Since neither of these m ethods 
could be applied to fish muscle, a new  procedurę has been elaborated.

MATERIALS AND METHODS

Reagents. AMP and other nucleotides were purchased from  Koch- 
-L ight, Colnbrook, England, and from  Sigma, St.Louis, Mo., U.S.A. 
Tris(hydroxym ethyl)am inom ethane was from  Koch-Light and p-chloro-
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236 J. P U R Z Y C K A -P R E IS  and  M. ZYDO W O 1969

rnercuriphenyl sulphonic acid from  Sigma. W hatm an cellulose phosphate 
(Balston Ltd., Maidstone, K ent, England) was successively washed w ith 
0.5 m-КОН, w ater, 0.5 n -HCI, w ater, and finally  w ith 5 ш м -EDTA. Ali 
o ther reagents w ere reagent grade, purchased from  C entrala Odczynni
ków Chemicznych (Gliwice, Poland). B idistilled w ater from  an all-glass 
appara tus was used throughout.

Enzym e assays. A. W hen Iow substra te  concentration w as used, the 
deam ination of 5'-AMP was followed according to K alckar (1947). The 
reaction m ix ture  contained in a finał volum e of 3 ml.: 0.1 м -potassium  
succinate buffer, pH 6.4, 0.5 м -K Cl and 0.054 тм -5 '-А М Р . In the blank 
sample the substrate  was om itted. The m ix tu re  w as placed in a 1 cm. 
silica celi in the constant tem pera tu rę  celi housing of a Unicam  SP-500 
spectrophotom eter, and the tem peratu rę  was eąu ilib ra ted  to 30°. Th en 
the reaction was sta rted  by adding 20ц1 . of enzyme solution and the 
decrease in extinction was followed a t 265 тц.. The am ount of enzyme 
which produced a decrease of extinction a t 265 mjx from  0.55 to 0.40 
during 1 min. was taken as lO units of activity.

B. For h igher substra te  concentrations the reaction was followed 
by reading the extinction at 285 т ц  according to Sm iley et al. (1967). 
The reaction m ix ture  contained in a finał volum e of 3m l.: 0.1 м -potass
ium  succinate buffer, pH 6.4, 0.1 м -KCl and 0.2 тм -5 '-А М Р . The reaction 
was s ta rted  by the addition of 20  mL of enzym e and the increase in 
extinction was m easured a t 285 mu-.

C. The K m value and enzyme specificity w ere determ ined  by 
m easuring the am ount of amm onia liberated. The incubation was 
carried  out a t 30° in test tubes calibrated  for 10 ml. The incubation 
m ix ture  contained in a finał volume of lm l.:  0.1 M^potassium succinate 
buffer, pH 6.4, 0.1 м -KCl and 5'-AMP or ano ther substra te . The reaction 
was sta rted  by the addition of 20 mL  of enzyme solution, and stopped 
by the addition of lm l .  of 0.215 м -sodium  phenolate. The amm onia 
form ed was determ ined by the phenol-hypochlorite m ethod of Brown, 
Duda, K orkes & H andler (1957). It w as found possible to om it the 
diffusion procedurę and perform  the determ ination  of am m onia d irectly  
in the incubation m ixture. A fter the reaction had  been stopped by the 
addition of sodium phenolate, the  following reagents w ere added: 
lm l. of 0.172т м -sodium  nitroferricyanide, lm l .  of 0.05м -sodium  carbo- 
nate, and lm l. of 0.06 м -sodium hypochlorite. A fter 30 min. the volume 
was m ade up to 10 ml. w ith am m onia-free w ater, and the colour in tensity  
was m easured a t 625 т ц  in a Leitz spectrophotom eter.

Protein concentration  was determ ined by the b iu re t m ethod of 
Gornall, Bardaw ill & David (1949), except in the eluate  from  cellulose 
phosphate column, for which the m ethod of W arburg  & Christian 
(Layne, 1957) was used.
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Ѵ оі 16 A M P-A M IN O H Y D R O L A SE 237

RESULTS 

Purification procedurę

E xtraction oj muscle. The muscles of carp (Cyprinus carpio) w ere 
excised im m ediately a fte r decapitation, washed w ith tap w ater and 
chilled on ice. The muscle w as passed through a chilled m eat chopper 
and then homogenized for 2 min. in a W aring blendor a t 3000 rev./m in. 
w ith 3 vol. of a solution containing 0.08 m-K2H P 0 4, 0.05 м -KCl and 
0.75 mM-MgCl2, pH 7.0. The hom ogenate was ex tracted  for 3 hr. w ith 
efficient stirring , centrifuged 35 min. a t 3000 g, and the supernatan t was 
passed through four layers of m uślin to гетоѵ е debris and a lipid layer.

A m m onium  sulphate jractionation. Most of the AM P-am inohydrolase 
activ ity  w as p recip ita ted  a t 2.26 м -am m onium  sulphate concentration. 
To the m uscle extract, appropriate am ount of solid am m onium  sulphate 
was added very  slowly during 4 hr. The m ix ture  was allowed to stand 
overnight, then  the precipitate  was collected by centrifugation at 
20 000 g for 15 min. and dissolved in 0.05 м -KCl - 0.05 м -tris  buffer, 
pH 7.2 (1 ml. per 2 -3  g. of original ground muscle). The solution was 
dialysed against two changes of 0.5 м -KCl (each of 20 volumes) with 
stirring  for 10 hr.

Calcium phosphate gel jractionation. Calcium phosphate gel was 
p repared  according to Keilin & H artree  (1938). To the dialysed am m on
ium  sulphate fraction, calcium  phosphate gel, 1 mg. per 1 mg. protein, 
was gradually  added. The suspension w as s tirred  for 2 - 3  hr., and the 
sedim ent collected by gentle centrifugation  (5 min., 600 g). If not all the 
enzyme was adsorbed, successive smali am ounts of calcium phosphate 
gel were added, and, a fte r 3 hr. w ith stirring, centrifuged in the  same 
m anner. The combined calcium  phosphate gel sedim ents were eluted 
for 12 hr. w ith  0.1 M-K2HPO4, pH 8.5 (less than  half the volume of the 
gel suspension added).

Separation on cellulose phosphate. The eluate from  calcium  phosphate 
gel w as dialysed against two changes (50 volumes each) of a KC1- 
-phosphate buffer containing 0.18 м -KCl, 0.054 m^KH2P 0 4 and 0.035 м - 
-K2H P 0 4, pH  6.5, w ith s tirring  for 3 h r . Then 10 g. of washed cellulose 
phosphate eąuilib rated  w ith the same buffer was added and the suspens
ion stirred  gently  for 12 hr. A fter th is tim e the cellulose phosphate was 
washed repeated ly  under suction on a sin tered glass filter; a total volume 
of 1 litre  of the  K C l-phosphate buffer was used in 100-200 ml. portions. 
During th is process the cellulose phosphate pad was not perm itted  to 
become dry. Then the cellulose phosphate was packed to a column 
2.5 cm. in d iam eter and washed w ith approxim ately  100 ml. of a solution 
of 0.45 м -KCl - 1 т м -m ercaptoethanol, adjusted  w ith 1 м -К 2Н Р 0 4 to 
p il  7.0. W hen no m ore pro tein  was elu ted  w ith the wash, the adsorbed
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238 J . PU R Z  Y C K A -P R E IS and  M. ZYDOW O 1969

Fig. 1. E lution of A M P-am inohydrolase from cellu lose phosphate colum n. The 
calcium  phosphate gel e luate w as applied to the colum n and the enzym e eluted  
w ith  а KC1 concentration gradient from  0.45 to 1.0 m , pH 7.0. Fractions of 3 m l. w ere  

collected  aft 7.5 m in. in tervals. (O ), Protein; ( • ) ,  activity.

enzym e was eluted w ith  1 м -KCl -1  ш м -m ercaptoethanol (adjusted to 
pH  7.0 w ith  1m -K 2H P 0 4) or w ith a linear KC1 concentration gradient 
from  0.45 to 1 м. The gradient elution gave one sym m etrical protein  
peak coincident w ith  the enzyme activ ity  peak (Fig. 1).

The purification procedurę sum m arized in Table 1 gave a 300 - 500- 
-fold purification. Ali steps w ere carried  out a t 0 -5 ° .

T able  1

Procedurę o f purification o f AMP-aminohydrolase from carp muscle

Fresh carp muscle, 546 g., was used as starting materiał. For details see text.

Activity
Purifi
cation
factor

Fraction
Total

protein
(mg.)

total
(units)

specific
(units/mg.
protein)

Yield
(%)

Homogenate 62 400 624 000 10 1 100
Extract
2.26 м-Ammonium sulphate

14 420 520 000 36 3.6 83

ppt. 4 480 340 000 75 7.5 65
Calcium phosphate gel eluate 598 149 000 246 24.6 24
Cellulose phosphate eluate 68.5 28 700 4190 419 4.6
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Ѵоі 16 A M P-A M IN O H Y D R O L A SE 239

Some properties of the purified enzyme

AM P-am inohydrolase lost only 2-5°/o of its activity  when stored a t 
4° for 2 m onths. The enzyme preparation  in 1 м -KCl at pH 7.0 showed 
the absorption ш ахіш иш  a t 278 mu and the m inim um  a t 250 mix. The 
e 28o/ e 260 ratio  was 1.2 to 1.8 in d ifferent preparations.

The substrate  specificity was tested  by incubating for 1 hr. appropriate 
compounds in 0.2 т м  concentration w ith 0.1 N-potassium succinate buffer, 
pH 6.4, O.Im-KCI and 20 ці. of enzyme solution in a finał volume of 
1 ml., and determ ining the liberated  ammonia. No ammonia was form ed 
from  adenine, adenosine, deoxyadenosine, ADP, 3-AM P, cytidine, CMP, 
NAD, NADP or CoA; only 5'-deoxyadenylic acid was deam inated bu t 
very  slowly.

The enzyme showed a ra th e r broad pH optim um  around pH 6.4 
w hen m easured in 0.1 м -tris-succinate - 0.1 м -KCl buffer (Fig. 2). This 
value is sim ilar to those reported  by Lee (1957) for the crystalline enzyme

Fig. 2. E ffect of pH on A M P-am inohydrolase activ ity . The reaction m ixture  
contained in a fin a ł volum e of 3 ml.: 0.2 т м -5 '-А М Р , 0.1 м-КСІ - 0.1 м -tris-succinate  
buffer of appropriate pH va lue. The reaction w as started by the addition of 20 ці. 
of enzym e solution. The readings of extinction  at 285 mg, w ere taken at 30 sec. 
in tervals for 5 m in. at 30° and during this tim e the inerease in extinction  at all pH  
va lu es w as linear w ith  tim e. The activ ity  is expressed  as A E 285 after 5 m in. P er-  

pendicular dashes ind icate the rangę of values obtained in 4 experim ents.

Fig. 3. The effect of u n iva len t cations on A M P-am inohydrolase activ ity . The 
reaction m ixture contained 0.2 т м -5 '-А М Р , 0.1 м -tr is-succinate buffer, pH 6.4, and  
chlorides of the indicated  cations in concentration of 0.15 м. The reaction w as started  
by addm g 20 g l. of the p u rified  enzym e w hich  had been diluted w ith  tris-succin ate  
buffer, pH 6.4. F inał volum e 3 m l. The inerease in extinction  at 285 m g w as m easured  
at 1 m in. in tervals for 5 m in. at 30°. No activ ity  w as observed w hen the un iva len t

cations w ere om itted.

http://rcin.org.pl



240 J . P U R Z Y C K A -P R E IS  a n d  M . ZYDO W O 1969

from  rabbit muscle and by M akarewicz (1969) for the purified  enzyme 
from elasm obranch fish.

The effect of univalent cations on enzyme activ ity  is p resented  in 
Fig. 3. The highest activ ity  was observed in the presence of K + ion. No 
activ ity  was observed in the absence of un ivalen t m etal ions.

Fig. 4. E ffect of NaF, p-chlorom ercuriphenyl sulphonate and iodoacetate on AM P- 
-am inohydrolase activ ity . The reaction m ixture contained in a fin a ł volum e of 3 ml.: 
( • ) ,  0.2 т м -5 '-А М Р , 0.1 м-КСІ - 0.1 м -potassium  succinate buffer, pH 6.4, and 
(□ ), 20 mM-NaF, (Д ), 0.2 т м -p-chlorom ercuriphenyl sulphonate, or (O ), 20 т м -  
-iodoacetate. The reaction w as started by the addition of 20 ці. of d ilute enzym e 
solution. The increase in extinction  at 285 т ц  w as m easured at 30 sec. or 1 min.

in teryals for 8 m in.

The enzyme was com pletely inhibited by 20 т м -fluoride, strongly 
inhibited by 0.2 т м -p-chlorom ercuriphenyl sulphonate, w hereas 0.2  т м -  
-iodoacetate had no effect (Fig. 4).

The M ichaelis-M enten constant was calculated from  the Linew eaver- 
-B urk plot to be 0.4 т м .  The in itial yelocities w ere m easured by 
estim ating the am ount of am m onia liberated on incubation of 0.05 - 
- 0.45 тм -А М Р  w ith  1.5 м-g. enzyme in 0.1 м -KCl - 0.1 м -potassium  suc
cinate buffer, pH 6.4, for 5 and 10 min.

DISCUSSION

Of the few procedures described h itherto  for purification of AM P- 
-am inohydrolase from  m am m alian skeletal muscle, th a t of Smiley, Berry 
& Suelter (1967) is the sim plest one, consisting in one-step purification. 
Howeyer, this procedurę is not suitable for fish muscle. The proteins 
of carp muscle are much easier to ex trac t than  those of m am m alian 
muscle, and alm ost the whole protein  m ateria ł can be solubilized by 
exhaustive extraction w ith a salt solution of high ionic strength. 
Therefore selectiye adsorption of AM P-am inohydrolase d irec tly  from  the
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crude ex trac t was unsuccessful, and it appeared necessary to pu rify  the 
ex trac t p rio r to cellulose phosphate chrom atography. Am monium sulphate 
fractionation  and calcium phosphate gel adsorption were found to be the 
m ost efficient steps of purification. By the procedurę described in this 
paper, a preparation  was obtained from  fish muscle w ith a specific 
ac tiv ity  com parable w ith th a t of pure  preparations obtained from 
m uscles of m am m als.

AM P-am inohydrolase is know n to be present in muscles of almost 
all classes of anim als. Um iastowski (1964) studied muscles of 12 ver- 
tebrates and  6 invertebrates, and only in the freshw ater clam, Unio 
pictorum , he did not detect the enzyme. The wide occurrence of AMP- 
-am inohydrolase points to the physiological im portance of the enzyme, 
although its biological role is still unclear. Setlow, Burger & Lowenstein 
(1966) found th a t the enzyme was activated  by ATP and inhibited by 
GTP, and suggested that it m ight be involved in the regulation of in ter- 
conversion of purine nucleotides. This suggestion is compatible w ith  the 
finding of Sm iley & Suelter (1967) th a t the enzyme is an allosteric 
protein, alkali m etal cations and ATP being the allosteric effectors. 
Potassium , as well as some other un ivalen t cations, have been found 
to activate also the carp muscle enzyme.

The p roperties of AM P-am inohydrolase from  carp muscle are very 
sim ilar to those of the analogous enzymes obtained from  m am m alian 
muscles. The resu lts reported  by several w orkers are sum m arized in 
Table 2 and i t  seems possible to suppose th a t these enzymes a re  not 
only analogous bu t homologous as well.

T ab le  2

Comparison o f some properties o f 5'-AMP aminohydrolase from rabbit and fish muscle

!
Lee

(1957)

Smiley, 
Berry & Suelter 

(1967)

Makarewicz
(1969)

present paper

Rabbit Rabbit Raja clavata Cyprinus carpio

Specificity very high* not tested very high* very high*
Optimum pH 6.4 6.5** -6.7 6.6 6.4 - 6.8
Km (шм) 1.43 0.5 - 0.7 1.52 ±0.66 0.4
Activation by monovaIent K+ > Na+ > K+ > Rb+ > K+ > Cs+ >

cations not tested > Li+ > Rb+ > > N a+ > Li+ > > N a+ >N H + >
> NH + > Cs + > NH4+ > Rb +

Effect of iodoacetate none not tested none none
Effect of PCMBS inhibition not tested inhibition inhibition
Effect of NaF inhibition not tested inhibition inhibition

•A lso  5f-dAM P was deaminated but at a rate 1/100 that for З'-АМР. 
**pH  o f optimal stability.
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242 J . PU R Z  Y C K A -P R E IS and  M. ZYDO W O 1969

In preyious work from  this laboratory, d ifferen t tem pera tu rę  suscep- 
tib ility  of the enzyme activ ity  in poikilotherm ic and hom eotherm ic 
anim als has been observed (Żydowo, M akarewicz, Um iastowski & P u
rzycka, 1965). The obtained purified  enzyme preparation  from  carp 
muscle m ay facilitate the elucidation of the m olecular m echanism  of 
th is phenomenon.

This work was supported in p a rt  by a g ran t from  the Com m ittee of 
Biochem istry and Biophysics of the Polish Academy of Sciences.
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OCZYSZCZANIE I NIEKTÓRE WŁASNOŚCI AMP-AMINOHYDROLAZY 
Z MIĘŚNI KARPIA (CYPRINUS CARPIO)

S t r e s z c z e n i e

1. Opisano m etodę oczyszczania A M P-am inohydrolazy z m ięśn i karpia (C y p r i- 
w.us carpio).

2. Stosując w ytrącanie siarczanem  am onu, adsorpcję na żelu C a-fosforanow ym  
i chrom atografię na fosforanie celulozy osiągnięto 400-krotne zagęszczenie enzym u.

3. W ysoka specyficzność enzym u, jego optim um  pH (6.4), stała M ichaelisa  
(0.4 т м ) , ham ow anie fluork iem  i p-ch lorortęciofenylosu lfon ianem , a aktyw ow anie  
jednow artościow ym i kationam i, bardzo przypom ina w łasności analogicznych enzy
m ów  otrzym anych z m ięśn i ssaków.

R eceived 2 January, 1969.
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H. SIEMIENIEWSKI and T. BARANOWSKI

THE REACTION OF AZLACTONE WITH CHYMOTRYPSIN
AND TRYPSIN

Department o f  Physiological Chemistry, Medical School, ul. Chałubińskiego 10, Wrocław

1. In the reaction of azlactone of p -n itroben zoylvalin e w ith  trypsin  
and chym otrypsin, the num ber of bound p-n itrobenzoylva line (NBVal) 
residues w as found to depend on the pH va lue. 2. The enzym ie activ ity  
of chym otrypsin  decreased w hen  the num ber o f introduced N BY al re 
sidues inereased up to  5, w hereas further b locking o f am ino groups had 
l ittle  influence. 3. No relationship w as found b etw een  the decrease o f  
activ ity  of m odified  trypsin  and the num ber of bound NB|Val residues.

The Chemical m odification of various reactive groups in proteins has 
been used extensively  in studies on the correlation betw een their 
struc tu re  and biological activity. Of the agents supposed to react with 
amino groups azlactones were little  used for the m odification of proteins. 
S atu rated  azlactones (2,4-<substituted oxazolones-5) were obtained for 
the f irs t tim e by M ohr & Stroschein (1909) by  action of acetic anhydride 
on a-acylam ino acids. The form ation of azlactones as in term ediates in 
reactions of Chemical synthesis of peptides has been obseryed by Siemion 
& Nowak (1960). D etailed studies on the reaction of azlactone w ith 
proteins w ere perform ed by Baranowski, Kochman, Nowak & Siemion 
(1963). The reaction of azlactone of p-nitrobenzoylvaline w ith  rabbit 
muscle aldolase was studied by Kochm an & Baranowski (1967).

The aim  of the p resen t work w as to е х а т іп е  the course of the 
reaction of azlactone of p-nitrobenzoylvaline w ith chym otrypsin and 
trypsin  under possibly mild conditions, and to elucidate the changes 
in enzymie activ ity  as well as the n a tu rę  of the bonds formed.

MATERIALS

a-C hym otrypsin was p repared  according to K unitz & N orthrop (1935) 
by slow activation by trypsin  of a six tim es crystallized chym otrypsino- 
gen A. The enzyme was crystallized four times, then dialysed and
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freeze-dried. Trypsin was a preparation  of Sigma Chem. Co. (St. Louis, 
Mo., U.S.A.), lot no. 46B-0480. Azlactone of p-nitrobenzoylvaline was 
p repared  from  acylam ino acid and cyclohexylcarbodiim ide as described 
by Siemion & Nowak (1960). p -N itrobenzoylvaline1 w as obtained 
according to K arre r & Christoffel (1944). U niversal bu ffer solution of 
B ritton  & Robinson (1931) was used throughout.

METHODS

The activ ity  of chym otrypsin and trypsin  was m easured w ith casein 
as substra te  e ither spectrophotom etrically (Kunitz, 1947; W u & Laskow
ski, 1955) or using the Folin-Ciocalteu reagen t (McDonald & Chen, 
1965).

Proteins prio r to modification were determ ined spectrophotom e
trically  using for chym otrypsin E **0 =  20.0 (Dixon & N eurath , 1957) 
and for trypsin  E *8°j0 =  14.4 (Davie & N eurath, 1955). M odified proteins 
w ere determ ined according to  L ow ry et al. (Layne, 1955), using as s tan 
dard  chym otrypsin and trypsin, respectively. M olecular w eight of chy
m otrypsin was taken as 24 800 (Schonbaum, Z erner & Bender, 1961) and 
of trypsin  as 24 000 (M ares-Guia & Shaw, 1965). F ree am ino groups in 
proteins were assayed by the m anom etrie m ethod of Van Slyke (1929). 
The preparation  of chym otrypsin contained 17 amino groups, and that 
of trypsin  15 groups per mole.

The num ber of NBVal residues bound to the pro tein  was estim ated 
by m easuring the difference in absorption a t 270 m^ betw een m odified 
and  non-modified protein. For calculation, the Щ£т’ =  11.3 for 1 ц то іе  
of NBVal in 1 ml. w as taken (Kochman & Baranowski, 1967).

The reaction of pro tein  w ith alzactone was carried  out a t 0°. To the 
protein  dissolved in universal buffer, the solution of azlactone of NBVal 
in ethyl alcohol was added. The finał concentrations were: alcohol 10%, 
chym otrypsin 0.24 ц т о іе /т і . ,  trypsin  0.25 M-mole/ml. A fter 3 hr. the 
reaction was stopped by adding hydroxylam ine solution and the m ixture  
was centrifuged. The supernatan t was placed on a Sephadex G-25 column 
and in the effluent the am ount of azlactone bound to protein  was de
term ined spectrophotom etrically. Control sam ples w ere subm itted to the 
sam e procedurę except tha t NBVal instead of the azlactone was used.

Sim ultaneously additional tests w ere carried  out on sam ples which 
a fte r  the reaction w ith azlactone w ere dialysed and freeze-dried. In all 
cases the obtained resu lts  were identical.

1 A bbreviation used: N BV al, p-n itrobenzoylvaline.
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RESULTS

M odification of chym otrypsin. The effect of tim e on the reaction 
betw een azlactone of NBVal and chym otrypsin is presented in Fig. 1. 
The experim ents were carried  out a t four pH values, the concentration 
of azlactone corresponding to a threefold excess w ith respect to all free

Fig. 1. The effect of tim e and pH on the num ber of N BV al residues introduced  
into chym otrypsin. The reaction w as carried out at 0° in  universal buffer, w ith  
a threefold  excess of azlactone in  relation  to protein  am ino groups. The reaction  
w as stopped by adding hydroxylam ine solution  and the sam ple w as centrifuged. 
The supernatant w as placed on a Sephadex G-25 colum n and in  the efflu en t the 
num ber o f NBVal residues bound to protein  w as calculated on the basis of 

spectrophotom etric m easurem ents.

Fig. 2. The effect of azlactone concentration  on the reaction w ith  chym otrypsin  
at pH 10. A , Equim olar concentration; B, tw ofo ld  and C, threefold  excess of 

azlactone w ith  respect to a ll am ino groups of chym otrypsin.

am ino groups in chym otrypsin. F igurę 2 p resen t the effect of tim e on the 
reaction a t pH 10 a t d ifferen t azlactone concentrations. The resu lts 
given in Figs. 1 and 2 indicate th a t a fte r  2 hr. the reaction was alm ost 
completed. In fu rth e r experim ents a tim e of 3 hr. was applied to elim i- 
nate  the influence of the tim e of penetration  of the reaction m ixture  
into the column.

The influence of pH and the concentration of azlactone is shown in 
Figs. 3 and 4. A t pH 6 no reaction occurred and beginning w ith pH 7 
the num ber of introduced NBVal residues increased w ith  increasing 
pH value. This effect was p robably  due to a stepwise loss of the charge 
of the e-amino groups of lysine residues, and a t pH 10, where these 
groups are non-ionized, the highest incorporation w as obtained. The 
concentration of azlactone had  no influence a t pH 7 or 8 (Fig. 4). A t 
these pH values only a few am ino groups are reactive, and 17 m oles 
of azlactone pe r mole of chym otrypsin  m ade the concentration of
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Fig. 3. The in flu en ce of pH on the num ber of N B V al residues bound to chym o- 
trypsin. The reaction w as carried out at: A, eąuim olar concentration; B, at 
tw ofold  excess, and C, at threefold  excess of azlactone w ith  respect to a ll am ino

groups of chym otrypsin.

Fig. 4. The in fluence of azlactone concentration on  the num ber o f JNTBVal residues 
bound to chym otrypsin  at d ifferen t pH yalues.

Fig. 5. Proteolytic activ ity  of m odified chym otrypsin  as a function  of the num ber  
of introduced N BV al residues. The resu lts are expressed  in  percentage on control 
sam ple basis. The reactions w ith  azlactone w ere carried out at pH  values from  

7 to 10, to obtain d ifferent degrees o f m odification .

Fig. 6. U ltravio let absorption spectra o f chym otrypsin: A , non-m odified , and  
containing: B, 4 m oles, C, 6 m oles, and D, 10 m oles of N BV al per m ole protein . 
The extinctions w ere recalculated  for the concentration of 1 m g, of protein  per 1 m l.
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azlactone sufficient to complete the reaction. On the other hand, a t pH 9 
and 10 the  concentration of azlactone m arkedly influenced the reaction.

Proteolytic ac tiv ity  of chym otrypsin as a function of the num ber of 
NBVal residues introduced, is presented in Fig. 5. W hen up to 5 NBVal 
residues were introduced, the activ ity  decreased alm ost linearly , w hereas 
no fu rth e r  decrease in activ ity  was observed w hen morę amino groups 
w ere substituted.

T able  1

Acylation o f chymotrypsin by azlactone o f NBVal

Acylation was performed at 0° during 3 hr. at different pH values. The concentration of azlactone 
corresponded to a threefold excess with respect to all amino groups in protein. The reaction was 
stopped by adding hydroxylamine solution, the mixture was centrifuged and the supematant was 
dialysed for 72 hr. and then freeze-dried. The number of NBVal residues bound was determined 
spectrophotometrically, and the free amino groups according to Van Slyke (1929). Control sample 
contained NBYal instead of azlactone. The results are expressed in moles per mole of chymotrypsin.

pH of 
reaction

NBVal bound
Amino groups

found difference

Control 0 17.6*
pH 8 5.1 12.3 5.3
pH 9 9.6 8.4 9.2
pH 10 11.0 6.9 10.7

♦H igh Van Slyke value is attributed to unspecific reaction o f guanidino groups with nitrous acid (Oppen
heimer, Labouesse & Hess, 1966).

The am ounts of azlactone bound to protein  determ ined spectro
photom etrically, w ere com pared w ith the num ber of free amino groups. 
The resu lts sum m arized in Table 1 show th a t the decrease of free 
am ino groups in the m odified chym otrypsin preparation  was in agree- 
m ent w ith  the num ber of introduced residues of NBVal. This perm its. 
to conclude th a t the azlactone reacts only w ith amino groups of chym o
trypsin.

Absorption spectra of modified chym otrypsin com pared w ith  tha t of 
non-m odified chym otrypsin are presented  in Fig. 6 .

M odification of trypsin. The influence of tim e on the reaction of 
azlactone w ith trypsin  a t pH 8 is p resen ted  in Fig. 7; the concentration 
of azlactone w as 30 moles p e r  mole of trypsin  which corresponded to 
a twofold excess w ith  respect to  the to tal num ber of amino groups. The 
time course of the reaction was analogous to tha t observed in the case of 
chym otrypsin. The data  ishown in Fig. 8 po in t to the decisive influence 
of pH  on the  num ber of bound azlactone. In contrast to chym otrypsin, 
the reaction began a t pH 6 . A t an azlactone concentration eąuim olar with 
respect to  the am ino groups, the decrease in NBYal binding a t pH yalues.
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Fig. 7. The in fluence of tim e on the reaction of azlactone w ith  trypsin. The 
reaction w as carried out at pH 8 and the concentration of azlactone w as 30 m oles 
per m ole of trypsin. The resu lts are expressed  in percentage on the 4-hr. result

basis.

Fig. 8. The in fluence of pH on the num ber of N BV al residues bound to trypsin. 
The reaction w as carried out at the fo llow in g  concentrations of azlactone: 
A , eąuim olar, B, tw ofold  excess, and C, threefold  excess w ith  respect to a ll

am ino groups of trypsin.

above 8 (Fig. 8 , curve A) could not be due to the hydrolysis of azlactone 
because such an effect of pH was not obseryed in the  case of chym o- 
trypsin  (cf. Fig. 3, curve A). W ith h igher azlactone concentration, no 
points are given for pH 9 (curves В  and C) because the solubility  of the 
reaction products was too Iow.

The results presented in Fig. 9 show th a t the  concentration of 
azlactone did not affect the num ber of NBVal residues introduced a t 
pH 8 bu t a t pH 10 it played a dom inant role.

D uring the m odification of trypsin, a loss of solubility of the obtained 
products in the presence of 10% alcohol was obseryed. The am ounts of 
the soluble product expressed in percentages of the control samples are 
given in Fig. 10 as a function of the pH  values a t which the reaction 
was carried  out. The num ber of substitu ted  am ino groups per mole of 
trypsin  was sim ilar in all preparations (4.5 to 6.0) except th a t in the 
case of trypsin  m odified a t pH 6 the num ber of introduced NBVal 
residues was lower (1.1). In spite of sm ali differences in the ex ten t of 
modification, there are significant differences in solubility, especially 
for the pH values 9 and 10.

A comparison betw een the num ber of introduced NBVal residues 
determ ined spectrophotom etrically and the decrease of free amino groups
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Fig. 9. The in flu en ce of azlactone concentration on the num ber of NBVal residues 
introduced into trypsin  at tw o pH values.

Fig. 10. The e ffect of pH on the am ount of so luble reaction products. The reaction  
w as carried out at an eąuim olar concentration of azlactone w ith  respect to all 
am ino groups of trypsin. The results are expressed  in percentage on control 
sam ple basis. The figures in the diagram  denote the num ber of NRVal residues

bound.

Fig. 11. U ltravio let absorption spectra  
of trypsin: A, non-m odified , and
containing B, 6.5 m oles and C, 13.5 
m oles of N B V al per m ole protein. 
The extin ctions w ere recalculated  for 
the concentration of 1 mg. of protein  

per 1 m l.
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T able  2

Acylation o f trypsin by azlactone o f NBVal

The conditions of acylation and further procedurę were as described in Table 1. The results are 
expressed in moles per mole of trypsin.

pH of 
reaction

NBVal bound
Amino groups

found difference

Control 0 16.8*
pH 8 5.9 11.5 5.3
pH 10 12.8 4.3 12.5

* High Van Slyke value for trypsin is probably caused by autolytic processes during the reaction (cf 
Fraenkel-Conrat, Baen & Lineweaver, 1949).

is presented in Table 2. S im ilarly as in the case of chym otrypsin, 
azlactone reacted  only w ith am ino groups of protein. However, in 
con trast to chym otrypsin, no relation betw een the num ber of substitu ted  
amino groups and the enzymie activ ity  was observed. The actiy ity  of 
m odified trypsin  was about 60% of th a t of the control sample regardless 
of the num ber of blocked groups. Only the preparation  m odified a t 
pH 6 possessed about 80%  of activity .

The u ltrav io let absorption spectra of m odified and non-m odified 
trypsin  preparations are presented in Fig. 11.

DISCUSSION

The applicability of azlactone of NBVal as a pro tein  m odifying agent 
was proved previously for gelatine (Baranowski et al., 1963) and aldolase 
(Kochman & Baranowski, 1967). Also in the case of chym otrypsin and 
trypsin, azlactone appears to be a suitable agent for m odification of 
protein  structure. The reaction can be carried  out under very  m ild 
conditions, nam ely a t 0 ° and in 10%  alcohol, which perm it to re ta in  the 
fuli activ ity  of control samples. Owing to considerable changes in the 
absorption a t 270 m,u of the m odified pro tein  caused by the n itro - 
benzoyl residues, the course of the reaction can be followed spectro- 
photom etrically. The num ber of introduced residues of NBVal m ay be 
controlled by changing the concentration of the  reactan ts  as w ell as the 
pH values a t which the reaction is carried  out. The reąu ired  concen- 
tra tions of azlactone are  Iow and the m axim um  am ount of NBVal bound 
m ay be obtained by applying a threefold only excess of azlactone in 
relation to amino groups in proteins.

The resu lts of m odification of both investigated enzymes show th a t 
the amino groups of trypsin  are m ore reactive th an  those of chym o
trypsin. The reaction of azlactone w ith trypsin  begins a t pH 6 , and w ith
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chym otrypsin a t pH  7. The num ber of substitu ted  groups in chymo
trypsin  under the same conditions is alw ays som ewhat lower than  in 
trypsin  bu t the enzymie ac tiv ity  of chym otrypsin is m ore affected by 
acylation.

The au thors are indebted to Mrs. J. Gołębiowska for excellent 
technical assistance. The technical assistance of Mr. R. W ojtowicz is 
acknowledged.
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MODYFIKACJA CHYMOTRYPSYNY I TRYPSYNY AZLAKTONEM  
p-NlTROBENZOILOWALINY

S t r e s z c z e n i e

1. W reakcji m iędzy azlaktonem  p-n itrobenzoilow aliny a chym otrypsyną  
i trypsyną stw ierdzono decydujący w p ły w  pH na ilość zw iązanych reszt p -n itro
benzoilow aliny  (NBYal).

2. E nzym atyczna aktyw ność chym otrypsyny zm niejszała się stopniow o aż do 
w prow adzenia 5 reszt N BV al, zaś dalsze b lokow anie grup am inow ych m iało już 
tylko nieznaczny w pływ .

3. N ie stw ierdzono zależności m iędzy spadkiem  aktyw ności zm odyfikow anej 
trypsyny a ilością w prow adzonych reszt NBVal.

R eceived 15 January, 1969.
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INHIBITION OF RNA SYNTHESIS BY 9-AMINOACRIDINE 
IN REGENERATING RAT LIYER AND CELL CULTURE

Department o f Tumour Biology, lnstitute o f  Oncology, Wybrzeże Armii Czerwonej 15, Gliwice

A  new  acridine d erivative , l-n itro-9(3'-d im ethylam inopropylam ine)- 
-acrid ine (C-283) inhib ited  both the incorporation of [32P]phosphate into 
R NA  in regenerating rat Ііѵег and of [14C ]uridine and [3H ]uridine into 
RNA of th e  E hrlich-L andschutz diploid cells grow n in culture. The 
inh ib itory effect w as roughly proportional to the adm inistered dose 
of C-283. Sucrose gradient centrifugation  and gel filtration  on Sepha- 
dex G-200 show ed that the b iosynthesis of the h igh-m olecu lar-w eigh t 
fractions of RNA as m easured by 32P  incorporation w as m ore suppressed  
than that of low -m olecu lar-w eigh t ones.

Some of acridine derivatives are know n as m itotic inhibitors which 
in terfere  w ith nucleic acid synthesis in v ivo  and in vitro. They induce 
a series of u ltra stru c tu ra l a lterations in the nucleolus and cytoplasm  of 
cells grown in cu ltu re  (Sim ard, 1966). They are also strong m utagens 
that in tercalate  betw een adjacent base pairs of the DNA molecule, 
causing erro rs during replication. A series of new acridine derivatives 
have been synthesized a t the D epartm ent of Drug Chem istry and Tech
nology of the Polytechnical School in Gdańsk. One of them, l-n itro -9 - 
-(3 '-dim ethylam inopropylam ine)-acridine • 2HC1 (compound C-283) 1 is of 
particu lar in terest due to  its strong cytostatic activity. This activ ity  has 
been observed in several screening tests including transplan tab le  mouse 
and ra t tum ours (Radzikowski et al., 1967a) and established celi lines in 
tissue cu lture  (Radzikowski et al., 1967b).

The purpose of the p resen t s tudy  w as to е х а т іп е  the influence of 
C-283 on RNA biosynthesis using regenerating  ra t Ііѵег and celi cu ltu re  
as model system s. A p relim inary  report of the  obtained resu lts  has been 
presented (Chorąży, M endecki & W ięckowska, 1967).

1 The fo llow in g  abbreviations are used in  this text: C-283, l-n itro-9(3 '-d i-  
m ethylam inopropylam ine)-acrid ine; ELD, E hrlich-L andschutz diploid cells; rRNA, 
ribosom al RNA; sRNA, so lu b le  RNA; BVS, роіуѵ іпуі sulphate; SDS, sodium  
dodecyl sulphate.
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MATERIAŁ AND METHODS

Reagents. C arrier-free H332P 0 4 in 0.1 n-HCI w as supplied by the 
Institu te  for N uclear Research (Świerk, Poland). Before injection the 
sample was neutralized w ith 0.1 N-NaOH and d ilu ted  w ith  sterile 0.85°/o 
NaCl. [2-14C]Uridine (spec. act. 26.7 mc/mole) and  [3H ]uridine (spec. act. 
2.7c/m-mole) were products of Schwarz BioResearch Inc. (Orangeburg, 
N.Y., U.S.A.). [2-l4C]Uridine (spec. act. 28 m c/m-mole) was also supplied 
by N. V. Philips D uphar (Amsterdam, N etherlands).

Ribonuclease (RNase), cryst., w as from  Sigma Chem. Co. (St. Louis, 
Mo., U.S.A.); to inactivate DNase, the solution of RNase was heated for 
10 min. a t 95°. O ther reagents were from  the following sources: Sephadex 
G-200 (Pharm acia, Uppsala, Sweden); TC M edium 199 (Difco Lab., 
Detroit, Mich., U.S.A.); calf serum  (Biomed, Serum  and Ѵассіпе M anu- 
facturers, Lublin, Poland); sodium dodecyl sulphate (SDS), and m ethyl 
green (British Drug Houses, Poole, Dorset, England); Macaloid, the trade 
name for Bentonite (G. M. Langer Co., R itterhude bei Brernen, G.F.R.); 
kanam ycine (Pierree S.P.A., Milan, Italy); neom ycine sulphate and peni- 
cillin, cryst. (Polfa, Tarchomin, Poland). Роіуѵіпуі su lphate  (PVS) was 
kindly supplied by the D epartm ent of Physiological C hem istry of the 
Medical School in Łódź (Poland). Sucrose, phenol, perchloric acid and* 
pyrronine w ere purchased from  P.O.CH. (Gliwice, Poland).

Evaluation of RN  A biosynthesis in regenerating rat Ііѵег

Random bred W istar ra ts  of both sexes, 3 m onths old, weighing about 
200 g. w ere used. P a rtia l hepatectom y was perform ed by the m ethod of 
Higgins & Anderson (1931). A t 1 - 2.5 hr. a fte r hepatectom y the ra ts  were 
injected in traperitoneally  with 5 mg. of C-283 per 1 kg. body weight, 
dissolved in 0.15 м -NaCl (1.0 mg/ml.). In  p relim inary  experim ents it 
was found that adm inistration of C-283 a t 8 or 16 hr. a fte r  hepatectom y 
had a sm aller effect. Control anim als received a corresponding yolume 
of 0.15M-NaCl. Eighteen hours a fte r hepatectom y the ra ts  were injected 
with 1 - 2  mc of [32P]phosphate; 30 min. to 4 hr. la te r the anim als were 
killed by decapitation under light e ther anaesthesia, thoroughly bied and 
liyers im m ediately removed, washed in chilled salinę and stored on 
solid C 02.

For RNA extraction, Ііѵег tissue was m ineed w ith  scissors, then 
homogenized in a Potter-E lvehjem  type hom ogenizer a t 0° in 9 vol. of 
0.14 M-iNaCl containing Macaloid, 1 mg./ml., and PVS, 2 i-Lg./ml. From  
the homogenate, RNA w as ex tracted  by the hot phenol m ethod (Scherrer 
& Darnell, 1962) or by phenol extraction a t stepw ise increased tem pe-
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ra tu re  according to Lerm an, M antieva & Georgiev (1964). In the firs t 
procedurę the hom ogenate w as trea ted  w ith an equal volum e of w ater- 
-sa tu ra ted  phenol w arm ed up to 60°and a fte r 10 min. of shaking a t this 
tem peraturę  chilled in the m ix tu re  of solid C0 2 and acetone to 0 °. 
Following centrifugation at 3000 g for 10 min., the aąueous phase was 
rem oved and extracted  w ith one half volume of phenol containing 
0.5% SDS. This procedurę w as repeated, the aąueous layers combined 
and extracted  3 times w ith  e ther; then traces of e ther were removed by 
bubbling nitrogen through the solution. RNA was precip itated  w ith 
2 vol. of ethanol, dissolved in 3 ml. of 0.05 м -NaCl, and dialysed for 
about 18 hr. against th ree changes of 0.05 м -NaCl.

In the second procedurę the hom ogenate was m ixed w ith an eąual 
volume of w ater-satu rated  phenol a t pH 6.0 and shaken for 10 min. 
a t 0°. A fter centrifugation, the w ater phase was collected. The in ter- 
phase was mixed w ith 5 vol. of 0.14M-NaCl, an eąual volume of phenol 
was added and, a fte r shaking for 5 min. a t 0°, centrifuged; the pooled 
w ater phases were deproteinized w ith phenol containing SDS, and RNA 
precipitated w ith ethanol. This preparation  w as called the 0° fraction. 
In a sim ilar way fu rth e r RNA fractions w ere isolated from  the in ter- 
phase a t 10°, 40°, 55° and 65°. The obtained RNA preparations w ere 
dialysed against several changes of 0.15 м -NaCl.

Absorption spectra w ere determ ined in a Beckman spectrophoto- 
m eter model DU and the concentration of RNA was estim ated assuming 
th a t 0.022  extinction un it a t 260 mj± corresponds to a concentration of 
RNA of 1 м-g./ml. in a celi of 1 cm. light path.

To determ ine the radioactivity, three samples of 0.05 ml. of RNA 
solution were placed on planchettes, dried and counted in a thin-w indow  
gas-flow counter type VA-Z-530, V akutronik (Dresden, G.D.R).

In some cases the p repara tions were separated into high-m olecular- 
-w eight fractions corresponding to rRNA, and low-m olecular-w eight 
sRNA. For this fractionation, the salting-out techniąue (Milman, 1960) 
or gel filtration  on Sephadex G-200 (Dirheimer, W eil & Ebel, 1962) 
w ere employed.

Sucrose density  gradient centrifugation was perform ed on Spinco 
L 50 ultracentrifuge (rotor SW 39). The RNA solution containing 6.0 E 
units in 0.1 ml., was layered  on 5 ml. of a linear sucrose gradient 
(2 .5-20% ) in 0.1 м -NaCl - 0.01 м -sodium  acetate buffer, pH 5. The 
gradient was prepared in the  vessel of B ritten  & Roberts (1960). The 
samples were centrifuged a t 35 000 rev./m in. for 5 hr. a t 4°. Then the 
bottom of the tube was perfo rated  and three-drop fractions were collected, 
diluted by adding 2.5 ml. of w ater, then the concentration of RNA was 
determ ined spectrophotom etrically and the radioactivity  was m easured 
in the Tracerlab (W altham, Mass., U.S.A.) w indow-less gas-flow counter 
type SC-50B.
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Celi culture

Ehrlich-Landschiitz diploid (ELD) celi linę (kindly supplied by 
Dr. J. K ieler, Fibiger Laboratory, Copenhagen, Denm ark) w ere grown 
as a m onolayer cu ltu re  e ither in Leighton tubes or in Carell flasks in 
TC m edium  199 supplem ented w ith 10% of calf serum , kanam ycine 
(0.09 mg./ml.), neom ycine (0.05 mg./ml.) and penicillin (20 units/ml.).

The cells were exposed for 12 hr. to d ifferen t am ount of C-283 
dissolved in sterile 0.15M-NaCl. Then [2-14C]uridine (0.1 цс/ml.) was 
added to control and experim ental cu ltu res and a fte r 5 hr. of grow th 
the cells were detached from the glass by freezing and thaw ing, trans- 
ferred  to centrifuge tubes, and separated  from  the m edium  by repeated 
washing w ith cold salinę and subseąuent centrifugation. In each 
experim ental and control group, six separate cu ltu res were used.

F ree nucleotides w ere ex tracted  w ith 0.5 N-HCIO4, and the radio- 
activ ity  of RNA w as determ ined either in alkaline or RNase hydro- 
lysates. In some experim ents, the cells were suspended in 0.14 м -NaCl 
and d isin tegrated  in a TUR sonicator, type US 2-2 (Transform atoren 
u. Róntgenwerk, Dresden, G.D.R.), and a fte r ex traction  w ith perchloric 
acid total activ ity  was determ ined in the sonicated celi homogenate. 
Details of these procedures are given in Table 2.

Autoradiography. ELD cells were grown on соѵег slips in Leighton 
tubes for 48 hr. Then C-283 a t concentrations of 0.0001, 0.001 and 
0.01 ^g./ml. was added, and a fte r 14 or 20 hr. of grow th, fresh  m edium  
and [3H]uridine (0.02 nc/ml.) were added. A fter a fu rth e r 5 hr. the 
cultures were w ashed with glucosole solution (Eagle, 1955), the cells 
attached to соѵег slips fixed in Carnoy solution (1 vol. conc. acetic acid 
and 5 vol. absolute ethanol) for 10 min., washed in 80% and 50% 
ethanol, then in w ater, extracted  w ith 0.5 N-HCIO4 fo r 8 min. a t 2° and 
washed again in w ater. The соѵег slips w ere attached  to microscopic 
slides and coyered either w ith  Kodak AR-10 stripping film  or w ith 
liąuid  emulsion Illford G-4. The exposure tim e was six weeks. The 
autoradiogram s were then developed, stained w ith m ethyl green-pyrronine 
according to Brachet (Pearse, 1961) and exam ined in light microscope 
under oil-immersion objective.

RESULTS

Effect  of the am ount of adm inistered C-283 on R N A  biosynthesis. 
In all experim ents, C-283 inhibited the incorporation of 32P into RNA 
of regenerating ra t Ііѵег, and the inhibitory  effect was roughly propor- 
tional to the adm inistered dose (Table 1). The inhibition am ounted to 
86 - 8 8 %  of control values a fte r adm inistration of 5 mg. of C-283 per 
1 kg. body weight, and did not increase w ith a dose of lOm g./kg. In
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T ab le  1

Inhibition by C-283 o f incorporation o f [i2P]phosphate into RNA in regenerating
rat Ііѵег

C-283 was administered 2 hr. after partial hepatectomy. [32P]Phosphate (1.0 mc/rat) was injected 
intraperitoneally 18 hr. after the operation, and 4hr. later Ііѵег RNA was isolated. rRNA and 
sRNA were separated by the salting-out techniąue (Milman, 1960). Each figurę is the mean obtained

from 3 animals.

Dose of C-283 
(mg./kg. 

body wt.)

RNA synthesis
total RNA rRNA sRNA

counts/min./mg.
RNA

0//0 counts/min./mg.
RNA

0//0
counts/min./mg.

RNA %

Experiment 1 
None (control) 

1.25 
2.50
5.00 

Experiment 2 
None (control)

2.5
5.0

10.0

122000 
73 200 
37 820 
17080

182100 
47 300 
22100 
22 260

100
60
31
14

100
26
12
12

74 000 
56000 
44 820 
11 900

105 000

21 500 
20200

100
75
60
16

100

20
18

87 000 
70400 
30 450 
18 270

126000 
42960 
38 700 
26 200

100
81
35
21

100
34
31
20

T able  2

The effect o f C-283 on labelling o f RNA of ELD cells with [14C]uridine

The cells after 48 hr. of growth were incubated with C-283 for 12 hr., then with [2-14C]uridine 
(0.2 jic/ml.) for 5 hr. After гетоѵаі of free nucleotides with 0.5 N-HCIO4, A, RNA was hydrolysed 
with RNase (20 u.g./ml., 2 hr., 37°, pH 5.2), and radioactivity determined (practically no activity 
was found in the HCIO4 precipitate). B, RNA was hydrolysed with 0.1 n-KOH (18 hr., 37°), treated 
with activated charcoal, eluted with 50% ethanol in 1% NH4OH solution, and radioactivity was 
determined. C, The cells were submitted to sonication and free nucleotides extracted; the preci
pitate was suspended in water, 0.05 ml. of the suspension deposited on a planchette and radio- 
activity determined. The radioactivity was expressed as percentage of the control values. Each 

figurę is an average obtained from 4 - 6 cultures and triplicate radioactivity determinations.

Concentration 
of C-283 
(fig./ml.)

Procedurę
A .В С

Expt. 1 Expt. 2 Expt. 3 Expt. 1 Expt. 2 Expt. 1 Expt. 2 Expt. 3

None (control) 100 100 100 100 i 00 100 100 100
0.0001 90 119 92 — 81 88 67 77
0.001 5 38 64 74 79 64 68 22
0.01 1 28 34 50 4 31 32 13
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four other experim ents w ith  samples of C-283 taken from  d iffe ren t 
batches, the dose of 5 mg./kg. inhibited  the specific activ ity  of total 
RNA by 70 - 86% . This dose was applied in all fu rth e r  experim ents.

A sim ilar, even m ore pronounced, dose-dependent inhibition of RNA 
synthesis as in regenerating ra t Ііѵег has been observed w ith  ELD 
cells grown in cu ltu re  (Table 2).

Effect  of labelling tim e. To eyaluate w hether RNA fractions labelled 
in short and prolonged tim e differ in their susceptibility  to  C-283, two 
groups of control anim als and four groups trea ted  w ith C-283 were 
in jected  w ith [3aP]phosphate, and a fte r 30 and 120 min. RNA was isolated 
and its specific activ ity  com pared (Table 3). In th ree  ou t of four ехрегі- 
m ents C-283 caused stronger inhibition of the RNA fractions labelled 
for 30 min. than of those labelled for 120 min.

T able 3

The effect o f C-283 on RNA synthesis in regenerating rat Ііѵег in pulse and 2-hr.
labelling experiments

Two hours after partial hepatectomy, the rats were injected intraperitoneally either with NaCl 
solution (control) or with 5 mg. of C-283/kg. body weight. After a further 18 hr. [32P]phosphate 
(1.4 mc/rat) was administered, and 30 or 120 min. later Ііѵег RNA was isolated. The radioactivity 
was determined and expressed as percentage of the control values taken as 100. The figures are

means of 3 determinations.

Labelling
time

(min.)

30
120

Remaining synthesis (%)

Expt. 1 Expt. 2 Expt. 3 Expt. 4

65 6 0 18
27 25 9 50

Sensitiv ity  of various R N A  fractions to C-283. A s  shown in Table 1, 
the biosynthesis of both the high-m olecular-w eight fraction corresponding 
to rRNA and the low -m olecular-w eight one of the  sRNA type was 
inhibited by C-283. From  Sephadex G-200 gel filtra tion  it is eyident 
that the incorporation of 32P into high-m olecular-w eight RNA fraction 
e lu ted  from  the column in the f irs t peak, was alw ays m ore strongly  
inhibited (Fig. 1), and even in some experim ents the inhibition of in
corporation of 32P  into the low -m olecular-w eight fraction could not be 
dem onstrated.

The higher susceptibility  of rRNA to C-283 as com pared to  sRNA 
was also dem onstrated in the RNA preparation  fractionated  by sucrose 
density  gradient eentrifugation (Fig. 2). The labelling of RNA fractions
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Fig. 1. E lution pattern from  Sephadex G-200 colum n ( 1 . 5 X2 5  cm.) of RNA  
iso lated  from  rat Ііѵег 2 hr. after injection  of [n3P]phosphate (1 m c/rat). The colum n  
w as elu ted  w ith  0.05 м-N aCl, fractions of 3 m l. being collected. The first peak  
corresponds to rRNA, the second to sRNA. (a), RNA from  control rat; (b), RNA  

from  C-283 treated rat. (------ ), E xtinction; (------), radioactiv ity

Fig. 2. L abelling  profiles of sucrose density  gradient fractions of Ііѵег RNA  
isolated from  control and C-283 treated rats. A t 1.5 hr. after partial hepatectom y  
the rats w ere in jected  w ith  C-283, then after 19 hr. 1.4 mc of [32P]phosphate w as 
adm inistered in traperitoneally  and 4 hr. later Ііѵег RNA w as isolated . (O ), E x- 
tinction of RNA of control and C-283 treated anim als; ( • ) ,  rad ioactiv ity  of RNA  

of control rats; (■ ) , rad ioactiv ity  of RNA of C-283 treated rats

in control anim als was found to be dependent on time, and was uniform  
in all fractions 240 min. a fte r  32P adm inistration. The inhibition by 
C-283 of labelling of both heavier fractions of RNA, presum ably 28S 
and 18S rRNA, was m uch m ore pronounced than the inhibition of the
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Fig. 3. Inhibition by C-283 of incorporation of [3H ]urid ine into ELD cells. The 
cells, after 48 hr. of grow th, w ere incubated  w ith  C-283 for 20 hr., then w ith  
[3H]uridine, 0.02 цс/m l., for 4h r. The ( • )  m edian and (A ) m odal num ber of grains 

w as obtained from  counting of 5000 cells

th ird  fraction corresponding to sRNA. This was also true  fo r the 30 min. 
labelling time.

W hen RNA w as ex tracted  by the phenol m ethod a t stepw ise raised 
tem peraturę, the  specific activ ity  in control groups was the highest in 
the fraction ex tracted  a t 65° and constitu ted  4 2 -5 0 %  of the activ ity  
of total RNA. The lowest activities w ere obseryed in the  fractions 
extracted  a t 0 ° and 1 0°; these fractions accounted only fo r 8 - 10%  of 
to tal activity. In C-283 trea ted  anim als a strong blocking of RNA 
synthesis was obseryed but no p referen tia l inhibition of any  particu lar 
fraction w as noted (Table 4).

T able  4

Inhibitory effect o f C-283 on the specific actmty o f RNA fractions isolated by the 
phenol procedurę at stepwise increased temperaturę

Two hours after partial hepatectomy the rats were injected intraperitoneally with 5 mg. of C-283/kg. 
body wt. [32P]Phosphate (2.5 mc/rat) was injected at the 19th hour and 1 hr. later Ііѵег RNA was 

isolated. In each experiment 3 rats were used; the figures are means of 3 determinations.

Fraction 
of RNA  
obtained 

at °C

Experiment 1 Experiment 2
Counts/min./mg. RNA Counts/min./mg. RNA

Inhibition
(%)Control C-283

Inhibition
(%) Control C-283

0 25 400 5 000 80 115 000 35 000 70
10 25 800 1 800 93 72 900 21 500 71
40 148 000 10 000 93 234 000 93 000 60
55 136 000 12 000 91 479 000 158 200 67
65 243 000 38 000 85 933 500 210200 78
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Autoradiography. A fter exposure of celi culture to [3H]uridine, the 
average num ber of grains scored over the cells decreased w ith the 
increasing am ount of the acridine derivative added to the medium. At 
C-283 concentration of 0.01 (Ltg./ml. of m edium  alm ost no grains w ere 
found (Fig. 3). It should be noted that the num ber of grains a t the 
lowest C-283 concentration, 0.0001 ing./ml., was found to be h igher than 
in control cultures.

DISCUSSION

O ur studies carried  out on two model Systems, i.e. regenerating ra t 
Ііѵег and Ehrlich-Landschiitz diploid cells in culture, have shown that 
a new compound, l-nitro-9(3 '-dim ethylam inopropylam ine)-acridine 
(C-283), sim ilarly  as o ther acridine derivatives (Scholtissek, 1965), is 
a strong inh ib ito r of RNA synthesis. The inhibition was dependent on 
the dose of C-283, the high-m olecular-w eight RNA fraction being more 
affected than  the low -m olecular one.

The inhibition by C-283 of RNA synthesis seems to ехріаіп its cyto- 
static effect on celi cu ltu re  (Radzikowski et al., 1967b) and inhibition of 
tum our grow th (Radzikowski et al., 1967a). O ur resu lts seem to indicate 
th a t the new  acridine derivative, sim ilarly  as its o ther derivatives, 
becomes easily complexed w ith  DNA. Lerm an (1964) has stated  th a t the 
derivatives of am inoacridine in tercalate  betw een two pairs of bases of 
DNA molecule. The acridine derivatives possess g rea ter affin ity  for the 
spaces betw een successive AT and AT pairs than for those betw een the 
AT-GC and GC-GC pa irs  (Tubbs, D itm ars & Van W inkle, 1964). It has 
been calculated  that in  the acridine-DN A с о тр іе х  one m olecule of 
acridine corresponds to 4 - 5  nucleotides (Peacocke & Skerrett, 1956). 
Increased ionic strength , lowered pH and compounds such as urea which 
w eaken the in term olecular bonds, perm it of rap id  dissociation of the 
D N A-proflavin с о тр іе х  in the course of gel filtra tion  (Liersch & H art- 
man, 1964). This indicates tha t electrostatic forces are also participating  
in form ation of the с о тр іе х  of DNA w ith  acridine. The intercalation 
of acridine in to  DNA stre tches and unw inds the DNA m olecule thus 
c-hanging its  secondary structu re . This is reflected by g rea ter viscosity, 
lowered sedim entation coefficient (Lerman, 1961) and elevated m elting 
tem pera tu rę  (Lerm an, 1964; W alker, 1965). Effectiye blocking of DNA 
tem plate by C-283 seems to be responsible for subseąuent inhibition of 
RNA biosynthesis.

This work w as supported  by the S tate Pharm aceutical Establishm ent 
“Polfa”. We are  indebted to Mrs. Z. Szweda, Mrs. H. Minc and Miss 
E. Polakiewicz for skilful technical assistance.
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HAMOWANIE 9-AMINOAKRYDYNĄ SYNTEZY RNA  
W REGENERUJĄCEJ WĄTROBIE SZCZURA I KULTURACH KOMÓRKOWYCH

S t r e s z c z e n i e

1. N ow a pochodna akrydyny, l-n itro-9(3'-d im etyloam inopropyloam ino)akrydy- 
na (C-283), s iln ie  ham uje zarówno w budow yw anie [33P]fosforanu do RNA regene
rującej w ątroby, jak i { 14C ]urydyny i [3H ]urydyny do diploidalnych kom órek  
Ehrlicha-L andschiitza rosnących w  kulturach. E fekt ham ujący jest proporcjonalny  
do daw ki C-283.

2. W irow anie w  gradiencie sacharozy i filtracja  na żelu  Sephadex G-200 w y 
kazały, że C-283 siln iej ham uje b iosyntezę w ysokocząsteczkow ych frakcji RNA  
m ierzoną w łączaniem  32P niż b iosyntezę frakcji n iskocząsteczkow ych.

R eceived  3 February, 1969.
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1. Syntheses are described for 5-ethylurid ine, 5-ethylurid ine-5 '-p yro-  
phosphate and the various in term ediates involved  in the preparation of 
the latter. The preparation of 5-hexylurid ine is also described. The 
absorption spectra and d issociation constants are presented for 
5-ethyluracil, 5-ethylurid ine and 5-hexylurid ine. 2. 5-E thylurid ine-5'- 
-pyrophosphate proved to be a substrate for polynucleotide phos- 
phorylase from  E scherichia coli, but not for the enzym e from  M icro- 
coccus ly so d e ik ticu s , and w as a very poor substrate (if at all) for the  
A zo tobac ter o in elan d ii enzym e. 3. The preparation and som e of the  
properties of po ly -5 -eth y lu rid y lic  acid are described. It is readily  
hydrolysed by pancreatic ribonuelease. A t room  tem peraturę, the 
polym er is in  the form  of a random  coil; below  10° , in  the presence 
of high salt concentration, or 0.01 M-Mg2+, it form s a helical structure  
w ith  a m eltin g  point of about -2 ° . The properties of p o ly -5 -eth y l- 
uridylic acid are com pared w ith  those of p o ly-uridylic  acid and 
poly -5 -m eth y lu rid y lic  acid, and the structures of a ll three polym ers •
are discussed.

The p reparation  of poly-5-ethyluridylic acid, p o ly -E tU 4, was origi- 
na lly  undertaken  w ith  a view to making available an additional model 
polyribonucleotide, and a poten tia l m essenger RNA, which m ight 
сопсеіѵаЫу assist in elucidating the origin of the enhanced stab ility  of 
poly-rT  as com pared to poly-U (Szer, Św ierkowski & Shugar, 1963;

1 The fo llow in g  abbreviations are used in this text: DOC, N ^ -d ic y c lo h e K y l-
carbodiim ide; 5MeC,. 5 -m ethylcytid ine; EtUDP, 5-ethylurid ine-5'-pyrophosphate; 
poly-U , po ly -u rid y lic  acid; poly-rT , p o ly-5-m ethyluridylic  acid; poly-E tU , poly-5- 
-ethylu ridylic  acid; p o ly-rA , poly-riboadenylic  acid; poly-dA , p o ly -deoxyrib oade-
nylic acid; poly-C , p o ly -cy tid y lic  acid; poly-5M eC, p oly-5 -m eth y lcy tid y lic  acid; 
p oly-I, po ly -in osin ic  acid; poly-X , p o ly -xan th y lic  acid; poly-(A :U ), tw in-stranded  

•helix  of p o ly-A  and p o ly -U , w ith  sim ilar connotations for other polym er com - 
p lexes; tORNA, transfer RNA.
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Świerkowski, Szer & Shugar, 1965). U nder conditions where poly-U is 
a random  coil, poly-rT  exhibits a transition  profile typical of that for 
a helix-coil transition  (Shugar & Szer, 1962). F urtherm ore  the helical 
с о тр іе х  of poly-rT  w ith poly-A  m elts out w ith a T m considerably higher 
than that for the corresponding со тр іе х  of poly-U and poly-A (Szer 
et al., 1963; Barszcz & Shugar, 1968). This pronounced enhancem ent of 
helix  stab ility  by a pyrim idine 5-m ethył substituen t is ra ther unexpect- 
ed and unlikely to be due to m odifications in streng th  of base-pair 
hydrogen bonds. A sim ilar enhancem ent of helix  stab ility  is observed 
in poly-(X:rT) as com pared to poly-(X:U) (Fikus & Shugar, 1969) and 
in poly-(I:5MeC) relative to poly-(I:C) (Szer & Shugar, 1966).

It is obviously desirable to establish the origin and natu rę  of the 
effect of a pyrim idine 5-m ethyl substituen t on helix  struc tu re  and 
stability, the more so in th a t one of the two m ajor differences in 
composition betw een RNA and DNA is the 5-m ethyl group in the 
thym ine residues of DNA, while thym ine is also one of the m inor base 
components of tRNA.

A ttem pts to find some theoretical in terp re ta tion  for the influence 
of a pyrim idine 5-m ethyl substituent on helix  stab ility  have h itherto  
ргоѵеп unsuccessful. It was conseąuently  desirable to obtain additional 
experim ental data, and it therefore seemed appropriate  to investigate 
the effect of a h igher alkyl substituent. The m ost logical choice appeared 
to be the replacem ent of the 5-m ethyl by a 5-ethyl group.

The following comm unication describes the preparation  of 5-ethyl- 
uridine-5 '-pyrophosphate, which was found to be a suitable substra te  
for Escherichia coli polynucleotide phosphorylase, as well as the necessary 
interm ediates, and the polym erization of 5-ethyluridine-5 '-pyrophosphate 
to give poly-EtU. The properties of the la tte r  have been described in 
p a rt elsewhere (Świerkowski & Shugar, 1969a); some additional data  
is appended here.

It should be emphasized tha t 5-ethyluracil and its glycosides are of 
more than pu rely  physico-chem ical in terest. Not only is 5-ethyluracil 
a thym ine analogue, which m ay undergo incorporation into bacterial 
DNA, but 5-ethyldeoxyuridine readily  replaces thym idine in bacterio- 
phage DNA. F urtherm ore such incorporation occurs w ithout any  m uta- 
genic effects, as m ight be expected (for brief sum m ary, see Shugar, 
Świerkowski, Fikus & Barszcz, 1967). In addition 5-ethyldeoxyuridine 
is alm ost as effective an an ti-v iral agent as 5-iododeoxyuridine (Świer
kowski & Shugar, 1969b).

5-H exyluridine w as also prepared  during the course of th is work. 
Although no a ttem pt was m ade to phosphorylate th is  nucleoside, it has 
ргоѵеп extrem ely  useful in studies on the photochem ical transform ation 
Gf 5-alkyl pyrim idine nucleosides (Pietrzykow ska & Shugar, 1968), the 
resu lts of which will be reported  elsewhere.
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RESULTS AND DISCUSSION

Chemical syntheses

5-Ethyluridine-5 '-pyrophosphate w as obtained w ith only m inor 
m odifications of standard  procedures by the following seąuence of 
reactions:

The thym ine analogue, 5-ethyluracil, was synthesized essentially as 
described by B urckhalter & Scarborough (1955), and the di(5-ethyl- 
uracil)m ercury salt (I) according to the m ethod of Fox, Yung, Davoll 
& Brown (1956) for the analogous m ercury  salt of thym ine (Shapira,
1962).

l-0-A cetyl-2,3,5-tri-0-benzoyl-/?-D -ribofuranose was prepared  by the 
m ethod of Recondo & Reyderknecht (1959). This w as converted to 
2,3,5-tri-0-benzoyl-/?-D-ribofuranosyl chloride (II) by standard  procedures, 
bu t w ith added precautions for гетоѵ аі from  the finał p roduct of traces 
of HC1 (see Experim ental).

5-E thyluridine [l-(/?-D-ribofuranosyl)-5-ethyluracil] (IV) was then 
prepared  essentially according to the m ethod of Fox et al. (1956). 
However, in the condensation reaction, the m olar ratio  of II to I employed 
was 4:3, w ith  a view  to increasing the yield of the benzoylated nucleoside 
(Griffin, Todd & Rich, 1958). In one such experim ent the  yield in the 
condensation reaction, estim ated chrom atographically, was of the order 
of 90%, b u t this dropped to 53% (with respect to 5-ethyluracil) following 
isolation and crystallization of the l-(2',3 ',5 '-tri-0-benzoyl-/?-D-ribo- 
furanosyl)-5-ethyluracil (III).

The benzoylated nucleoside (III) was debenzoylated in sodium m eth- 
oxide to give 5-ethyluridine (IV) in 90%> yield.

An additional route has been utilized to obtain 5-ethyluridine, based 
on the H ilbert & Johnson (1930) condensation of 2,4-diethoxy-5-ethyl- 
pyrim idine w ith 2,3,5-tri-O-benzoyl-D-ribofuranosyl chloride. The ad- 
vantage of this procedurę, to be described elsewhere (Kulikowski & 
Shugar, in preparation) is tha t it perm its of the sim ultaneous preparation 
of 5-ethylcytidine and alkylam ino analogues of the latter.

5-E thyluridine (IV) was next converted to 2 ',3 '-0-isopropylidene-5- 
-e thylurid ine (V) according to the m ethod of Levene & Tipson (1934) for 
uridine. This, in tu rn , w as phosphorylated by the cyanoethylphosphate 
procedurę of Tener (1961) to give 5-ethyluridine-5 '-phosphate [1-(/?-d - 
-ribofuranosyl)-5-ethyluracil-5 '-phosphate] (VI).

Compound VI was converted to the m orpholidate (VII) as described 
by M offatt & K horana (1961) and phosphorylated to give the lithium  
salt of 5-ethyluridine-5 '-pyrophosphate (VIII) in 40% yield.
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Absorption spectra and dissociation constants

The absorption spectrum  of 5-ethyluracil a t  several pH  values is 
shown in Fig. 1. W hile the m axim um  a t neu tra l pH  is a t 265 mp as for 
thym ine (Shugar & Fox, 1952), the spectrum  for the m onoanionic form  
(curve a t pH  12) is m ore nearly  like th a t for uracil. The shape of the

Fig. 2. A bsorption spectrum  o f 5-ethylurid ine at pH va lu es indicated; p K g, from
spectral titration, 9.86 

Fig. 3. A bsorption spectrum  of 5-hexylurid in e at pH values indicated; pK a, from
spectral titration, 9.76

Fig. 1. A bsorption spectrum  of 
5-ethylu racil at pH  values indicated; 

pK4, from  spectral titration, 9.90

pH 12 curve dem onstrates that, as fo r uracil and thym ine (W ierzchow
ski, L itońska & Shugar, 1965), the monoanionic form  of 5-ethyluracil 
consists of an alm ost eąuim olar eąuilib rium  m ix ture  of two anions, one 
involving ionization of the Nd> hydrogen, the o ther the N(3> hydrogen. 
Spectral titra tion  gave a pK a for 5-ethyluracil of 9.9, as com pared to 
9.9 for thym ine and 9.5 for uracil.
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The absorption spectrum  of 5-ethyluridine (Fig. 2), as m ight be anti- 
cipated, closely resem bles th a t for thym idine (Fox & Shugar, 1952). 
Spectral titra tio n  gave a pK a, for dissociation of the N(3> hydrogen, of 
9.86 as com pared to 9.82 for thym idine, and 9.98 for 5-ethyldeoxy- 
urid ine (Świerkowski & Shugar, 1969b).

The solubility  of 5-hexyluracil in aąueous m edium  was, as m ight be 
anticipated, too Iow to p erm it of accurate m easurem ent of absorption 
spectra a t various pH  values; th e  pK a value was therefore not m easured, 
although th is probably could be done a t a m ore elevated tem peraturę. 
The solubility  of 5-hexyluridine was ąu ite  adeąuate for such m easure- 
m ents, and Fig. 3 exhibits the absorption spectrum  at several pH values, 
from  which the pK a w as calculated  to be 9.76. Notę that the m olar 
extinction of th is nucleoside, as well as its pK a, are both lower than for 
5-ethyluridine.

I t seem s reasonable to expect th a t 5-ethyluracil will base-pair like 
thym ine or uracil, and th is is supported by the fact tha t the pK a for 
thym ine and 5-ethyluracil a re  identical. However, the 5-ethyl sub- 
s titu en t does influence the s tab ility  of the со тр іех  of poly-EtU w ith 
poly-rA  (Świerkowski & Shugar, 1969a) and poly-dA  (Barszcz & Shugar, 
1968); and th is is reflected in the stab ility  of na tu ra l DNA containing 
incorporated 5-ethyluracil (Pietrzykow ska & Shugar, 1967).

Polymerization o f 5-ethyluridine-5'-pyrophosphate

In itial a ttem pts to polym erize 5-ethyluridine-5 '-pyrophosphate w ith 
polynucleotide phosphorylase from  A. vinelandii and M. lysodeikticus, 
under standard  conditions, proved unsuccessful. This was followed by 
tria ls involving a vide varia tion  in reaction conditions, such as tem pe
ra tu rę  (up to 50°), pH (up to pH  9.5 fo r the micrococcal enzyme), the 
use of various salts, urea, divalent cations, etc. In several experim ents, 
Iow yields (5 -10% ) of polym er m ateria ł were obtained with the azoto- 
bacter enzyme, bu t even these w ere no t reproducible, and were finally  
abandoned.

Polym erization was then  a ttem pted  w ith  the E. coli enzyme (Kimhi 
& L ittauer, 1968), employing conditions optim al for polym erization of 
ADP (Kimhi & L ittauer, 1968), and described below (see Experim ental). 
These same conditions w ere also found suitable for polym erization of 
ribosylthym ine-5-pyrophosphate, b u t gave no signs of polym erization 
of EtUDP. However, prolonged incubation of the la tte r  substra te  under 
the same conditions eventually  led to form ation of poly-EtU  in ap- 
proxim ately  50% yield. A dditional prolongation of the incubation tim e 
resulted  in a gradual decrease in polym er yield, probably because of the  
presence of traces of some nucleolytic enzyme in the polynucleotide 
phosphorylase (cf. Szer et dl., 1963) or as a resu lt of bacterial growth.
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Polym erizations were therefore carried  out fo r about 16 hr. Pronase 
was then added and incubation continued for 1 h r. to destroy traces of 
nucleolytic enzymes, and the polym er isolated by  the phenol m ethod, 
followed by extensive dialysis against decreasing NaCl concentration 
and EDTA, then against distilled w ater, and fina lly  freeze-dried  or 
stored in solution in the deep-freeze.

It is som ewhat difficult to conclude from  the above resu lts  w hether 
the E. coli enzyme exhibits a wider rangę of specificity th an  th a t from  
A. vinelandii or M. lysodeikticus. I t m ust be borne in m ind th a t the 
degree of purification of the three enzyme prepara tions is by  no m eans 
the same, conseąuently  no finał conclusions can be draw n a t th is time. 
It is, however, pertinen t to note th a t p relim inary  trials indicated th a t 
the E. coli enzyme can polym erize d ihydrouridine-5 '-pyrophosphate; it 
has previously been shown th a t this compound is no t a substra te  fo r the 
azotobacter enzyme (Ochoa & Heppel, 1957; Szer & Shugar, 1961).

Properties o f poly-5-ethyluridylic acid

Indiyidual p reparations of poly-EtU  varied  som ew hat in hom ogeneity 
and sedim entation constants. The p reparation  used in the following 
experim ents was fa irly  homogeneous in the  u ltracen trifuge  w ith  an
•S20,vr o f  6 .1 .

A t room tem peratu rę  the residual hyperchrom icity  of the polym er 
was Iow and am ounted on the ayerage to 4 - 5°/o on enzymie or acid 
hydrolysis to monomers. Poly-E tU  w as com pletely hydrolysed to mono- 
m ers by panereatie ribonuclease.

The tem peratu rę  profile for poly-EtU  a t neu tra l pH  in the presence 
of 0.01 M -M g2+ is shown in Fig. 4, which includes, for purposes of 
comparison, the profiles of poly-U (taken from  Lipsett, 1960) and 
poly-rT  (taken from  Tram er, W ierzchowski & Shugar, 1969), under the 
same conditions. I t  is elear from  Figs. 4 and 6a th a t although, like 
poly-U and poly-rT, poly-EtU  possesses an ordered struc tu re  a t Iow 
tem peraturę, this struc tu re  is not fu lly  deyeloped a t 0 °; and th a t the 
m elting point, Tm, m ust be in the neighbourhood of, or even below, 0°.

In order to place in evidence the com plete helix-coil tran sition  of 
poly-EtU, advantage w as taken of the observation (Szer, 1966) th a t the 
transition  profiles of poly-U  and poly-rT  are  shifted  to h igher tem pe- 
ra tu res  in the presence of 1 equivalent of yarious polyam ines. The same 
was found to hołd for poly-EtU, as can be seen from  Fig. 5, which 
exhibits the tem peratu rę  profiles, m easured in each case a t the  l m«x of 
the absorption spectrum  (Fig. 6b), for poly-EtU , poly-U  and  poly-rT , 
each in the  presence of 1 equivalen t of sperm ine or sperm idine.

Note th a t the effect of e ither polyam ine is to place in evidence the  
complete profile for poly-EtU, with a tem pera tu rę  hyperchrom icity  of
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Fig. 4. T em peraturę transition  profile, m easured at 267 т ц ,  for poly-E tU  in  
0.01 M-Mg3+ at neutral pH, together w ith  those for p o ly -U  (Lipsett, 1960) and  
poly -rT  (Tramer et al., 1969) under the sam e conditions. N ote that the p rofile for

poly-E tU  is incom plete, due to the fact that the Tm is below  0°

Fig. 5. Tem peraturę transition  profiles of poly-E tU , p o ly -U  and poly-rT  at neutral
pH  in  the presence of 1 equ iva len t of sperm ine (-------) and sperm idine (----------- ).

Fig. 6. A bsorption spectra of po ly-E tU  a t neutral pH: (a), in  the presence of 
0.01 M-Mg2+, of the random  coil form  (at 20°) and partia lly  helical form  (at 0°); 
(b), in  the presence of 1 equ iva len t of sperm ine, of the random  coil form  (at 20°) 

and the fu lly  helica l form  (at 2 °)

32%. This is to be com pared w ith the hyperchrom icity  of 15% in the 
presence of 0.01 M-Mg2+ (Fig. 4), w hich indicates th a t in the  presence 
of the divalent cation th e  com plete profile fo r poly-EtU  m ust 
have a T m a t about -2.0°, and th a t the  fu lly  ordered stru c tu re  under
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these conditions should form  a t about -10° to - 12°. The T m values for 
all th ree polym ers under various conditions are listed in Table 1.

From  Table 1 (and from  Fig. 5) it will be observed that, w hereas 
sperm ine provokes a som ewhat larger positive shift in the  profiles of 
poly-U and poly-rT than sperm idine, this effect is reversed in the case 
of poly-EtU. The differences, while not excessively large, are nonetheless 
real and point to the existence of some differences in the topography of 
the helical form of poly-EtU  as com pared to poly-U and poly-rT.

The helical s truc tu re  of poly-U and poly-rT  are  believed to  be 
tw in-stranded  w ith the U (or T) residues of the tw in strands base- 
-paired via the N(3> hydrogen and O4 carbonyls (Davies, 1967). This is 
the type of base-pairing actually  found betw een uracil (or thymine) in 
crystals of 1-m ethyluracil (or 1-m ethylthym ine) (Green, M athews & 
Rich, 1962).

There is little  reason to doubt tha t the helical form  of poly-EtU  is 
also tw in-stranded. If, however, the type of base-pairing betw een 
5-ethyluracil residues is sim ilar to th a t in helical poly-U  and poly-rT, 
it is by no m eans obvious as w hy the T m of poly-EtU  should be so much 
lower than for poly-rT, and even below th a t for poly-U (Table 1). It is 
most unlikely tha t the 5-ethyl substituent offers any steric hindrance 
to helix  form ation. A ctual tria ls  w ith m olecular m odels have shown that 
5-ethyluracil residues readily  replace 5-m ethyluracil (thym ine) in e ither 
the A or В form s of DNA w ithout the introduction of distortion in the 
helix.

That the base-pairing in poly-EtU  could be the sam e as in poly-U 
(or poly-rT) is supported by the fact th a t replacem ent of thym ine by 
5-ethyluracil in bacteriophage DNA (where the base-pairing to adenine 
m ust be identical in both instances) leads to an appreciable decrease 
in T m of the DNA (Pietrzykow ska & Shugar, 1967).

If, in  fact, it tu m s out that the base-pairing of ethyluracil residues 
in poly-EtU  is sim ilar to tha t in poly-U and poly-rT, then the source

T able 1

Tm ralues for Иеііх-coil transitions o f poly-U, poly-rT and poly-EtU at neutral pH 
in the presence o f either 0.01 M-Mg2+ or 1 equivalent o f spermine or spermidine

All values are taken as the mid-points of the profiles shown in Figs. 4 and 5.

Tm in presence of
Mg2+ | Spermine | Spermidine

Poly-U
Poly-rT
Poly-EtU

6 .0° * 
33.5° 

—2 .0°

28° ** 
51° ** 
9.2°

24° ** 
49° **

11.5°

* From Lipsett (1960). 
** From  Szer (1966).

http://rcin.org.pl



Ѵоі 16 T H Y M IN E a n a l o g u e 271

of the d ifferences in stabilities of the helical form s of these three 
polym ers are probably linked to differences in degree of stacking. As 
previously  pointed out, it is m ost unlikely th a t the h igher stab ility  of 
poly-rT , as com pared to poly-U, is due to more effective hydrogen 
bonding of the thym ine, as com pared to uracil, base pairs (Szer et al.,
1963). The m ore likely involvem ent of enhanced base stacking is sup- 
ported  by  the  observations of Ts’o and coworkers (see Ts’o, 1968) and 
H elm kam p & Kondo (1968) on the enhancem ent of association of purine 
and  pyrim idine residues resulting from  alkylation of the  heterocyclic 
rings.

The foregoing considerations suggest a num ber of additional inves- 
tigations which would undoubtedly contribute to a clarification of these 
and  rela ted  problems. To begin w ith, it would be useful to е х а т іп е  by 
X -ray  diffraction the structu re  of crystals of l-m ethyl-5-ethyluracil, 
as com pared to 1-m ethyluracil and 1-m ethylthym ine (Davies, 1967). It 
would also be advantageous to  compare the association, in aąueous 
m edium , of 5-ethyluracil (or its glycosides) as compared to uracil and 
thym ine (or their glycosides); the finding th a t thym idine in aąueous 
m edium  exhibits enhanced stacking as com pared to deoxyuridine (Ts’o, 
1968) is at least in qualitative agreem ent w ith the enhanced stab ility  
of po ly-rT  as com pared to poly-U. It would, furtherm ore, also be of 
value to m easure the association constant for self-association of 5-ethyl
uracil residues in non-polar media. A ttem pts in these directions are 
now under way.

Finally, a tten tion  should be draw n to the fact tha t poly-EtU  form s 
a helical со тр іех  w ith poly-dA, m ost likely a trip le-stranded  helix  
(Barszcz & Shugar, 1968). The results of a m ore detailed study of the 
n a tu rę  of the helical complexes of poly-EtU  w ith poly-rA  w ill be 
described in a separate paper (Świerkowski & Shugar, 1969a).

EXPERIMENTAL

General. The hydrochloride salts of the polyam ines, sperm ine and 
sperm idine, w ere products of Sigma Chemical Со. (St. Louis, Mo., U.S.A.). 
The phenol employed for deproteinization of polym er p reparations was 
fresh ly  distilled prior to use and sa tu ra ted  w ith  the reąu ired  buffer to 
neu tra lity .

All spectrophotom eter m easurem ents were carried  out w ith a Unicam 
SP 500 instrum ent. Tem peraturę profiles w ere run w ith the aid of 
a specially constructed therm ostated  cuvette  carriage through which 
circulated  a w ater-glycol m ix tu re  from  a Hoeppler u ltra therm osta t. 
Tem peraturę m easurem ents w ere carried  out w ith  a therm istor inserted 
into a dum m y cuvette. For tem peratures below 10°, dry a ir  was 
circulated  through the cuvette com partm ent to prevent condensation 
cn the cuyette  surfaces.
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Table 2

Paper chromatography o f relevant compounds

Ascending technique on Whatman paper no. 1, with the following solvent Systems: A, water-sa- 
turated butanol; B, ethanol - ammonium acetate, 5:2 (v/v); C, isopropanol - conc. NH4OH - H20 ,  
7 :1:2 (by vol.); D, butanol saturated with sat. H3BO3; E, //-propanol - conc. NH 4OH - H?0, 6:3:1

(by vol.).

Compound
A

R f  value in solvent 
В \ С \ D E

5-Ethyluracil 0.67 0.88 0.89 — 0.87
l-(2 ,,3,,5,-Tri-0-benzoyl-iS-D-ribofuranosyl)-5-ethyluracil

(III) 1 1 1 — 1
5-Ethyluridine (IV) 0.46 0.82 0.73 0.54 0.78
2/,3/-0-Isopropylidene-5-ethvluridine (V) 0.83 0.96 0.95 0.94 0.95
5-Ethyluridine-5'-phosphate (VI) 0.02 0.34 0.16 0.34
S-Ethyluridine-S^phosphoromorpholidate (VII) 0.01 0.16 0.04 0.19
5-Ethyluridine-5'-pyrophosphate (VIII) 0.0 0.18 0.08 — J

For the spectral titra tions to determ ine the pK  values of the pyrim i- 
dines and nucleosides, pH m easurem ents w ere m ade w ith a Radiom eter 
PHM22 instrum ent fitted  w ith a glass m icroelectrode. Glass-distilled 
w ater was employed throughout.

U ltracentrifugations were perform ed w ith  the aid of a Beckman 
Model E instrum ent fitted  w ith u ltraviolet optics.

M elting points (uncorrected) were carried  out on a Boetius micro- 
scope hot stage.

D etails regarding paper chrom atography are given in Table 2 , a dark 
u ltrav io let lamp being used to locate the spots on the paper.

D i(5-ethyluracil)m ercury salt (I): This was p repared  as described by 
Fox et al. (1956) for thym ine. To 16m -m oles (2.24 g.) of 5-ethyluracil, 
prepared  according to the m ethod of B urckhalter & Scarborough (1955) 
and dissolved in 64 ml. hot w ater containing 640 mg. sodium hydroxide, 
was added dropwise 8 m -m oles (2.16 g.) of m ercuric chloride in ethanol. 
The m ix ture  was heated for several m inutes w ith  constant stirring , and 
then  cooled to room tem peraturę. The resulting  precip ita te  w as washed 
w ith w ater un til the washings w ere free of chloride ion, and then 
washed with absolute ethanol and ether and dried  under vacuum  over 
P 2O5 to give 3.72 g. (theoret. 3.84 g., yield 97%) of p roduct w ith m.p. 
295-297°.

l-(2',3',5'-Tri-0-benzoyl-l3-D -ribofuranosyl)-5-ethyluracil (III): 2 m-moles 
(1.01 g.) of l-0-acetyl-2,3,5-tri-0-benzoyl-/?-D -ribofuranose was converted 
to 2,3,5-tri-0-benzoyl-/?-D-ribofuranosyl chloride (II) according to standard  
procedures (Recondo & Reyderknecht, 1959), except th a t special a tten tion  
was devoted to the гетоѵ аі of HC1; in addition to a th reefo ld  evaporation 
of product from  d ry  benzene, it was kept ovem ight under vacuum  in
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the presence of solid NaOH, and fina lly  dissolved in 3 ml. anhydrous 
benzene. Then 1.5m-moles (720 mg.) of dried I was suspended in 
18 ml. anhydrous хуіепе, and about one-fourth  of the solvent rem oyed 
under vacuum, following which the 3 ml. benzene solution of II was 
added and the m ixture heated under reflux  for 2 hr. The m olar ratio  of 
II to I of 4:3 was analogous to th a t em ployed by G riffin et al. (1958) 
for ribosylthym ine. Following cooling of the reaction m ix ture  to room 
tem peraturę, the precipitate was filte red  off and washed w ith  хуіепе. 
The la tte r  was dissolved in chloroform  and the solution filte red  to  
about 15 ml. and petroleum  e ther added to give a w hite precipitate. 
The la tte r  was dissolyed in chloroform  and the solution filtered  to 
гетоѵ е  traces of insoluble m ercuric chloride, then  shaken w ith a 30% 
aąueous KI solution and finally  w ashed w ith  w a te r and dried over 
anhydrous sodium sulphate. Following гетоѵ аі of the sodium sulphate, 
the filtra te  was brought to dryness, the residue dissolyed in  ethyl 
acetate, petroleum  ether added dropw ise to slight turbidity , and the 
m ix ture  then kept in the cold room for crystallization. The crystals were 
collected by filtration  and washed w ith e ther and d ried  to give 646 mg. 
of III (53% yield w ith respect to 5-ethyluracil), m.p. 149.5-151.5°.

5-E thyluridine (IV): To 0.88 m -m ole (516 mg.) of III suspended in 
15 ml. anhydrous m ethanol was added 3m l. of a m ethanolic solution of 
65 mg. potassium. Ali the m ateria ł dissolyed w ith in  1 hour, w ith  con- 
tinual shaking. Paper chrom atography at this point showed that 
debenzoylation had proceeded quan tita tive ly . The m ix ture  was brought 
to dryness, the residue dissolyed in a few  m illiliters of w ater, and the 
resulting  solution extracted several tim es w ith ether. To the aąueous, 
strongly alkaline, phase was added 60% НСЮ4, dropwise, to bring the 
pH to about 3.5-4.0. The resulting p rec ip ita te  of КСЮ 4 w as centrifuged 
off and washed w ith ethanol. The aąueous solution was brought to 
dryness and the residue dissolyed in ethanol, which was filtered  to 
гетоѵ е traces of КСЮ 4, and then brought to  sm ali yolume to induce 
crystallization, giving 210 mg. of IV (90% yield), m.p. 160.5- 162°. 
Recrystallization brought this yalue up to 185°-187°; Shapira (1962) 
reports 184° -186°.

5-H exyluridine: This nucleoside w as obtained as described in the 
preyious paragraph for 5-ethyluridine. From  0.45 m-m ole (265 mg.) of 
di(5-hexyluracil)m ercury salt and 0.62 m -m ole of 2,3,5-tri-O-benzyol-/?- 
-D-ribofuranosyl chloride, the yield of l-(2 ',3 ',5 '-tri-0-benzoyl-/?-D -ribo- 
furanosyl)-5-hexyluracil was 245 mg. (43% w ith respect to 5-hexyluracil) 
w ith m.p. 144-146°. Debenzoylation gave 5-hexylurid ine in 90% yield 
w ith m.p. 134-135°.

2',3 '-0-Isopropylidene-5-ethyluridine (V): Dried, finely powdered, 
5-ethyluridine 1.8m -m oles (0.5 g.) and anhydrous CUSO4 ( lg .)  w ere sus
pended in 12.5 ml. anhydrous acetone, to which w as added 12.5 ul. of
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conc. H2S 0 4. The en tire  m ixture, in a sealed ampoule, was shaken for 
48 hr. a t  3 7 °, following which the ampoule w as opened and paper chro- 
m atography employed to verify  th a t the reaction had proceeded quan- 
titatively . The copper sulphate was filtered  off and washed w ith acetone. 
The w ashings and filtra te  were combined and 0.5 g. anhydrous calcium 
hydroxide added. The resulting suspension was shaken for 1 hr., filtered, 
and the filtra te  brought to dryness. The residue was crystallized from  
acetone to give 220mg., m.p. 146-148°. No fu rth e r  crysta ls could be 
obtained from  the m other liąuor; it was therefore brought to a known 
volum e and the rem aining am ount of IV estim ated spectrophotom etrically 
as 276 mg. Total yield 496 mg. (8 8%). The en tire  product w as used d irectly  
for phosphorylation.

5-E thylurid ine-5'-phosphate (VI): 1.57 m-m oles (495 mg.) of V and 
3.14 m-m oles (470 mg.) of ^-cyanoethylphosphate in 15 ml. pyridine was 
concentrated  under vacuum  at 30° to an oil, to  which w as added 30 ml. 
anhydrous pyridine and the resulting solution evaporated to dryness. This 
la tte r  operation was repeated once more, and the residue following 
evaporation taken up in 15 ml. anhydrous pyrid ine, to which was added 
4.7 m-m oles (970 mg.) DCC. The reaction m ix ture  was kept under 
anhydrous conditions for 2 days at room tem peraturę, although paper 
chrom atography showed the complete disappearance of V afte r 36 hr. 
To the reaction m ix ture  w as added 4.5 ml. w ater, and the whole then  
set aside for 1/2 hr. Pyrid ine w as rem oved by bringing the solution to 
d ryness under vacuum, and the residue w as then dissolved in 60 ml. of 
10% acetic acid and heated for 90 min. a t 100°. Acetic acid was rem oved 
by distillation and the residue taken up in 60 ml. of 9 N-ammonium 
hydroxide and heated at 60° for 90 min.

The reaction m ixture  was filte red  to гетоѵ е a sm ali precipitate  of 
cyclohexylurea and then concentrated to about 10 ml. (pH 6.9) and 
1 M -barium acetate added dropwise to precip ita te  quan tita tive ly  barium  
phosphate. The la tte r  was rem oved by centrifugation and washed w ith
2 - 3  ml. w ater. The filtra te  and washings w ere combined and the am ount 
of nucleotide estim ated spectrally  (490 mg., yield 88%). The solution of 
nucleotide, 14 ml., was transferred  to a centrifuge tube to which was 
added 1.5 m -m oles barium  acetate in 1.5 ml. w ater. The barium  salt of 
the nucleotide w as then precip itated  w ith 2 volumes ethanol. The 
p roduct was washed w ith ethanol, acetone and ether. However, not- 
w ithstanding  a num ber of trials, it did not ргоѵе possible to isolate the 
barium  salt free of barium  phosphate in this way w ithout excessive loss 
of product. The nucleotide w as therefore dissolved in w ater, brought to 
pH 8 , and passed through a colum n of Dowex 50 (H+), to give 495 mg. 
of free 5-ethyluridine-5 '-phosphate.

5-Ethyluridine-5'-phosphorom orpholidate (VII) (salt of 4 -m orpholine 
JV,N '-dicyclohexylcarboxam idine): A solution of DCC (0.6 m-mole,
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123.6 mg.) in 2.2 ml. te r t .-butanol was added dropwise to a solution of 
5-ethyluridine-5 '-phosphate (0.14m-mole, 50 mg.) in 1.4 ml. w ater, 1.4 ml. 
te r t .-butanol and 50 ці. m orpholine, and heated  under reflux. Following 
addition of the DCC solution (3 hr.), heating  was continued for an 
additional 3 h r. Chrom atography a t this po in t showed 60% transform a- 
tion to the m orpholidate. An additional 25 jxl. m orpholine was added, 
following which 1.1 ml. of DCC solution w as added dropwise and the 
en tire  m ix tu re  heated for a fu rth e r 4 h r. A t this point paper chrom ato
g raphy  dem onstrated complete conversion to  the m orpholidate.

The foregoing procedurę was repeated  on a somewhat larger scalę 
(using 400 mg., 1.12m-moles, of S-ethyluridine-S^phosphate), and the 
tw o reaction m ixtures then combined. The crystalline precip ita te  was 
filtered  off and washed w ith tert.-butanol. The filtra te  and washings 
w ere  combined, brought to dryness, the residue dissolved in w ater, and 
the resulting  solution extracted  w ith  e th e r th ree times. The aąueous 
phase was brought to dryness, the residue taken up in m ethanol and 
tran sferred  to a centrifuge tube, and carefu lly  evaporated to a volume 
of about 0.5 ml. E ther was then added to give a gum m y precipitate, 
w hich was centrifuged down and tr itu ra te d  w ith e ther un til it was 
transform ed to a w hite pow der (900 mg., yield 92%).

5-Ethyluridine-5'-pyrophosphate (VIII): 0.28m -m ole (100 mg.) of VII 
w as dried  by two evaporations from  5 ml. pyridine. At the same time 
1.27 i+moles(87 ul.) of 85% phosphoric acid was dissolved in 5 ml. pyridine 
containing 1.27m-moles of distilled tri-n-buty lam ine, and dried b y  three 
evaporations from  5 ml. pyridine. Each residue was taken up in 5 ml. 
pyridine, the tw o mixed, and the m ix tu re  again subjected to drying by 
evaporation twice w ith anhydrous pyridine. The finał residue w as taken 
up in anhydrous pyridine and shaken for 1 hr. to facilitate solution. 
The finał elear solution was left for four days a t room tem peraturę, 
following which there were only traces of VII and VI, as revealed by 
paper chrom atography. The solution was taken to dryness and traces 
of pyrid ine rem oved by evaporation from  5 ml. w ater. The residue was 
then dissolved in 4.5 ml. w ater containing 154 mg. lithium  acetate, and 
the tri-n -bu ty lam ine extracted  w ith ether. The pH of the aąueous phase 
w as brought to 12 w ith lithium  hydroxide and the m ix ture  left at 0 ° 
fo r 30 min. The resulting precip ita te  of trilith ium  phosphate was 
centrifuged down and washed w ith 0.01 N-lithium  hydroxide un til the 
washings showed no UV absorption.

The superna tan t and washings w ere combined and brought to pH 8 
by addition of Dowex 50 (H+). The resin was filtered  off and washed 
w ith  w ater. The f iltra te  and w ashings w ere applied to a 1 X 10 cm. 
colum n of Dowex 2 X 8  (Cl- ), through which w ater was passed for 
washing. Traces of 5-ethylurid ine-5 '-phosphate w ere then  eluted with 
0.04N-LiCl in 0.003 n-HCI. Then 0.1 N-LiCl in 0.003 n-HCI was employed
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to elute the pyrophosphate (70 mg, 56% yield), the eluate w as brought 
to pH  4.5 w ith  lith ium  hydroxide and brought to dryness under reduced 
pressure. The pyrophosphate was then isolated as the pure  lith ium  salt 
in 40% yield.

Polym erization of EtUDP: The conditions used w ith E. coli poly- 
nucleotide phosphorylase were as suggested by Dr. U. Z. L ittau e r (Kimhi 
& L ittauer, 1968). The stock enzyme prępara tion  had an activ ity  of 
340 units/m l. (1 un it of phosphorolysis is the num ber of m icrom oles of 
ADP released from  poly-A  in 15 min. a t 37°). The reaction m ix tu re  
consisted of 0.10 ml. of 1 м -tris  buffer, pH  8 ; 0.05 m l. of 0.1 M-MgCl2; 
0.05 ml. of 0.01 m-EDTA; 0.06 ml. of 0.175 м -substra te ; 0.03 ml. of the 
stock enzyme solution; 0.71 ml. w ater to give a finał volum e of 1 ml. 
Incubation w as a t 37° and the progress of polym erization was followed 
by paper or th in -layer chrom atography.

U nder the above conditions polym erization of ribosylthym ine-5 '-pyro- 
phosphate proceeded in good yield w ith in  20 - 30 min. However, w ith  
EtUDP, no sings of polym erization w ere obseryed un til a fte r  about 2 hr. 
incubation, following which the reaction proceeded for up to 18 hr. 
F u rth e r incubation led to a decrease in yield of polym er. Hence, a fter 
about 16 hr., 40gtg. pronase was added to the incubation m ixture, and 
incubation continued for 1 hr. The incubation m ix ture  w as then  depro- 
teinized w ith fresh ly  distilled phenol buffered a t neu tra l pH, and then 
dialysed in the  cold room against 0.05 м -NaCl and 0.005 m -EDTA, 
followed by 0.01 м -NaCl and 0.001 м -EDTA, and finally  against w ater. 
The polym er sam ples w ere then freeze-dried.

In some instances incubation w as term inated  by heating fo r 1 min. 
a t 1 0 0°, followed by deproteinization, dialysis and freezing-drying.

We are indebted  to Dr. S. Ochoa, Dr. H. M atthaei, and Dr. U. Z. L it
tauer for sam ples of polynucleotide phosphorylase from  Azotobacter 
vinelandii, Micrococcus lysodeikticus  and Escherichia coli, respectively; 
and to Dr. W. Szer, who collaborated in the initial a ttem pts a t poly
m erization. This inyestigation profited  from  the support of the  W ellcome 
Trust, the In te rnationa l Atomie Energy Agency, the W orld H ealth  
O rganization, and the A gricultural Research Service, U. S. Dept. of 
A griculture (UR-E21-(32)-30).
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NOWY ANALOG TYMINY, 5-ETYLOURACYL; 
5-ETYLOURYDYNO-5-PIROFOSFORAN ORAZ KWAS POLI-5-ETYLOURYDYLOWY

S t r e s z c z e n i e

1. Przeprow adzono syntezę 5-etylourydyny, 5-etylourydyno-5'-p irofosforanu  
oraz szeregu zw iązków  pośrednich. Opisano rów nież syntezę 5-hexylourydyny. 
Przedstaw iono w idm a w  nadfiolecie i stałe dysocjacji dla 5-etylouracylu , 5 -ety lo 
urydyny i 5 -hexylouryd yn y.

2. 5-E tylourydyno-5'-p irofosforan jest substratem  dla fosfory lazy  polinukleo- 
tydow ej z Escherichia coli,  w ykazuje bardzo słabe pow inow actw o do enzym u  
z A zotobacter  v ine land i,  natom iast jest ca łkow icie odporny na działanie fosforylazy  
polinukleotydow ej z Micrococcus lysodeikticus.

3. Opisano enzym atyczną syntezę oraz pew ne w łaściw ości kw asu  p o li-5 -ety lo -  
urydylow ego; kw as ten z łatw ością ulega hydrolizie pod w p ływ em  rybonukleazy  
trzustkow ej. W tem peraturze pokojow ej polim er ten istn ieje  w  form ie nieupo
rządkowanego kłębka; poniżej 10° przy w ysokich  stężen iach  NaCl lub  
w  0,01 M-MgCl2 tw orzy strukturę spiralną o T m około —2 ° . Porów nano w łaściw ości 
kw asu p o li-5 -ety lou ryd y low ego  z w łaściw ościam i kw asu poliurydylow ego i p o li- 
-5-m etylourydylow ego oraz om ów iono struktury tych polim erów .

R eceived 18 February, 1969.
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1. Im m unoglabulin  fractions, IgG and IgG(T), w ere iso lated  from  
horse hyperim m une anti-d iphtheria  serum  b y  sa lt fractionation and 
chrom atography on D E A E -Sephadex. 2. Properties of IgG and IgG(T) 
isolated  from  serum  of the sam e horse w ere  compared. A ntibody  
activ ity  w as found only in  IgG(T) fraction. 3. IgG and IgG(T) w ere  
found to d iffer in  their carbohydrate content and in  the suscep tib ility  
to urea-induced unfolding. 4. IgG and IgG(T) w ere found to be nearly  
identical in  their antigen ic  properties, am ino acid com position, 
m olecular w eigh t, tyrosyl ionization, optical rotatory param eters, and 
the accessib ility  of tyrosy l and tryptophyl residues to solvents.

Repeated im m unization of horses brings about an increase in the 
am ount of serum  pro tein  fraction the electrophoretic m obility of which 
is betw een y-globulins and /?-globulins. This fraction has been designated 
T-component by Van der Scheer & W ycoff (1940), and /^-globulin by 
Kekwick & Record (1941). D uring the im m unization, antibodies appear 
first in the yi-globulin fraction, bu t a t the la te r  stages alm ost exclusively 
in the T-com ponent, although exceptions have been noted (Raynaud & 
Relyveld, 1959).

The antibody-rich  fraction from  horse hyperim m une sera, T-com
ponent, was isolated by a v a rie ty  of methods. The classical sa lt fractio
nation, although still succesfully used alone (Allen, Sirisinha & Vaughan, 
1965) or supplem ented w ith acridine dye fractionation (Horejśi & Sme
tana, 1956; Schultze, H aupt, Heide, H eim burger & Schwick, 1965) has 
been largely  superseded by ion-exchange chrom atography (Raynaud, 
Iscaki & M angalo, 1965; K linm an, Rockey & K arush, 1965; Klinm an, 
Rockey, F raunberger & K arush, 1966; W eir & Porter, 1966) or by ion- 
-exchange chrom atography combined w ith salt fractionation (Stefani 
& Kulberg, 1964; Stefani, K uiberg & Schachanina, 1965).

The ionic exchanger comm only used is d iethylam inoethylated cellu
lose or Sephadex. The fraction  of im m unoglobulins which is no t reta ined
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on DEAE resin a t about neu tra l pH and in Iow ionic strength  buffers 
exhibits the electrophoretic m obility of ^-g lobu lins, and is usually  
devoid of antibodies. According to the curren t nom enclature (World 
H ealth O rganization, 1964) th is fraction is classified as IgG. The other 
im m unoglobulin fraction which is eluted from  DEAE resin a t an elevated 
ionic s treng th , exhibits the electrophoretic m obility of /?2-gl°bulins; it 
is usually  an antibody-rich fraction, and it contains essentially  all an ti
bodies in the case of an ti-d iph theria  serum.

The p roperties of the two fractions of im m unoglobulins derived from  
horse hyperim m une an ti-d iphtheria  serum  w ere com pared by W eir & 
P o rte r (1966) who showed the differences in th e ir  electrophoretic 
m obility, carbohydrate  content, and antibody activity , b u t found a close 
sim ilarity  in their amino acid composition and m olecular weight. Since 
the antigenic properties of the two fractions of im m unoglobulins 
appeared very  sim ilar bu t not identical, W eir, P o rte r  & Givol (1966) 
suggested th a t the antibody-rich fraction from  horse hyperim m une sera 
w as a subclass of IgG, and should therefore be designated as IgG(T) 
in preference to  the previously used IgA (Raynaud et al.} 1965) or IgA(T) 
(Weir & P orter, 1966). The term  IgG(T) w ill be used throughout th is 
paper.

A very  close sim ilarity  betw een the m olecular properties of IgG 
and IgG(T) sharp ly  contrasts w ith the difference in their antibody 
activity. Conseąuently, it appeared th a t the isolation of both imm uno
globulins from  the  same im m une anim al could provide an opportunity  
to study the fea tu res which distinguish im m unologically active from  
non-active proteins. This paper describes the sim ultaneous isolation of 
both subclasses of immunoglobulins, and presents a com parative study 
of some of th e ir  m olecular param eters.

MATERIALS AND METHODS

Im m une sera. Horse hyperim m une sera against d iphtheria  toxin were 
purchased from  Biomed, Serum  & Ѵассіпе M anufacturers, Lublin, 
Poland. Sera w ere supplied under sterile  conditions w ith no preservative 
added, a t 4°, and were processed w ithin a week of the  date of the 
bleeding. R abbit antiserum  against horse serum  proteins was purchased 
from  Biomed, Serum  & Ѵассіпе M anufacturers, Kraków, Poland.

Rabbit an tiserum  against eąuine IgG(T) was obtained by im m uniza- 
tion of rabb its  w ith chrom atographically purified  IgG(T). A to tal of 
20 mg. of the  antigen w as in jeeted  in tram uscularly  together w ith in- 
complete F reu n d ’s ad juvan t a t weekly in tervals оѵег a period of four 
weeks. IgG proved to  be a m uch w eaker antigen. In order to obtain 
a good precip ita ting  serum , rabbits had to be injeeted w ith 40 mg. of 
purified  IgG also w ith the incom plete F reund ’s ad juvant, followed by
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15 mg. intravenously; the injections w ere done a t w eekly interyals; 
each dose contained 5 mg. of the antigen.

Enriched im m unoglobulin preparation. Horse serum  w as fractionated 
w ith  sodium sulphate, essentially  as described by Kekwick & Record 
(1941). The finał precipitate, a t 12% (w/v) of sodium sulphate, was 
dissolyed in a m inim um  ąu an tity  of 0.07 м -phosphate buffer, pH 8.0, 
and  dialysed against 0.15 м -sodium chloride, pH 7.0, un til the sulphate 
ions disappeared. The solution was then  freed of insoluble m a tte r  by 
centrifugation, and freeze-dried. The enriched im m unoglobulin p re 
paration  was used as starting  m ateriał for chrom atographic isolation of 
IgG and IgG(T) in m ost of the experim ents. As it  will be described in 
th e  text, imm unoglobulins obtained from  the enriched p repara tion  were 
m ore homogeneous w ith respect to the  antibody content than, and 
otherw ise identical w ith, the im m unoglobulins isolated by chrom ato- 
graphy  of the whole serum.

Chromatography. Glass colum ns (3 X 60 cm.) were filled w ith  Se- 
phadex A-50 (purchased from  Pharm acia, Uppsala, Sweden) eąu ilib ra ted  
w ith  17.5 т м -sodium  phosphate buffer, pH 6.3, or 15 т м -potassium  phos
phate, pH 8.4, as indicated. Sam ples containing up to  6 g. protein , in the 
case of whole serum, or no less than  0.3 g., in the case of the  enriched 
im m unoglobulin preparation, w ere elu ted  w ith the same bu ffe r bu t in 
which the content of sodium chloride was increased e ither linearly  or 
stepwise. Fractions of 5 ml. w ere collected at a ra te  of about 50 m l./hr. 
The elution w as m onitored a t about 260 пцы using the LKB Uvicord 
(Stockholm, Sweden) instrum ent, b u t the concentration of pro tein  in 
each fraction was determ ined from  the  extinction a t 280 т ц .

Protein concentration. The following factors were used to convert
extinctions into pro tein  concentration: E*J°m,t =  13.0 for IgG, and
E^om =  12.8 for IgG(T). The conyersion factors have been determ ined
from  the m easurem ent of the extinction of isolated im m unoglobulin
fractions and of hum an pooled im m unoglobulins for which E ^Jm(l =  13.6 
w as assum ed (Crum pton & W ilkinson, 1963). The concentration of protein  
in eąuine im m unoglobulins and in  hum an imm unoglobulins, used as 
the reference preparation , was determ ined using th e  b iu re t m ethods 
(H insberg & Lang, 1957). The conyersion factors employed in th is paper 
are  low er by about 10%  than those used by other au thors in their 
studies on eąuine im m unoglobulins (Allen et al., 1965; K linm an et al., 
1966; Genco, K arush & Tenenhouse, 1968).

pH  m easurem ent. R adiom eter TTT-1 T itra to r (Copenhagen, Denm ark) 
w ith  a glass electrode was used for pH m easurem ents; sodium  ion cor- 
rection w as in troduced w henever reąu ired  using the m an u fac tu rer’s 
nom ogram .

Electrophoretic m ethods. P aper electrophoresis w as perform ed on 
W hatm an no. 1 paper strips in yeronal buffer, pH 8 .6 , using an apparatus
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sim ilar to that described by D urrum  (1950). Starch gel electrophoresis 
was perform ed in bora te buffer, pH 8 .6 , as described by Sm ithies (1959). 
Im m unoelectrophoresis w as perform ed according to Scheidegger (1955) 
in ѵегопаі buffer, pH 8 .6 .

Am ino acid analysis. P ro teins were hydrolysed w ith 6 N-hydrochloric 
acid in sealed ampoules placed in the boiling toluene ba th  (b.p. 1 1 0°) 
for 48 hr. The analysis w as perform ed in the Beckm ann-Spinco A uto
m atic Amino Acid Analyser.

Carbohydrate determ ination. The content of carbohydrates was 
estim ated by orcinol m ethod (Winzler, 1955) using m annose as a standard.

Ultracentrifugation. Sedim entation coefficients w ere determ ined in 
Beckm ann-Spinco Model E ultracentrifuge employing two standard  
12 mm. cells in one rotor. One of the cells was eąuipped w ith 1° wedge 
window thus perm itting  sim ultaneous observation of both cells. In order 
to increase the precision of the comparison of m olecular weights, one 
of the cells was filled w ith IgG and the o ther w ith IgG(T), both 
Solutions being a t eąual concentrations. The tem pera tu rę  of the rotor 
was m aintained a t 20 ±0.5°. Sedim entation coefficients w ere calculated 
afte r extrapolation to zero concentration.

Im m unodiffusion. Glass slides (5X13 cm.) were coyered w ith 1.5% 
(w/v) agar in ѵегопаі buffer, pH 8 .6 . The central trough (6.0X11 cm.) was 
filled w ith the im m une reac tan t (antiserum  or toxin, as indicated in 
the text), and the wells, 0.5 cm. diam eter, contained sam ples of the 
inyestigated immunoglobulins. The slides were incubated in a w et 
cham ber a t room tem peratu rę  for a t least 24 hr. A fter the precipitation 
lines have clearly  formed, the agar layer was washed in 0.15M-sodium 
chloride, stained w ith Amido Black, and dried in a ir curren t.

Spectroscopy. Extinctions were m easured on Unicam SP-500 spectro- 
photom eter. Absorption spectra w ere registered on Unicam SP-700 
instrum ent at am bient tem peraturę . For the difference spectra, two 
pairs of m atched 1 cm. cells were used. The pair in the sample beam  of 
the spectrophotom eter contained protein dissolved in an appropriate 
solyent, and a blank. The p a ir  in the reference beam contained protein 
in 0.15M-sodium chloride, pH 7.0, and the solvent. All concentrations 
were ad justed  so tha t the contributions to the difference extinction from 
solutes and solyents were cancelled. The concentration of the  protein 
was kept so Iow th a t the slit w idth in the 280 т ц  rangę w as below 
0.8 mm. Spectrophotom etric titra tion  of tyrosyl residues was carried  out 
in 0.1 м -glycine - NaOH buffers.

Polarim etry. Optical ro ta to ry  dispersion param eters (ORD) were 
m easured on Rudolph Model 80 spectropolarim eter eąuipped w ith 
oscillating polarizer. The sym m etrical angle was set a t 1.5°. The 
m easurem ents w ere taken at am bient tem peraturę at 365, 405, 435, 546 
and 578 mu bands of the m ercury-arc AH-4 lam p using the filte rs
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supplied by m anufacturers. ORD param eters a0 and b0 were com puted 
using the least sąuare m ethod from  the eąuation elaborated by M offitt 
& Yang (1956). ^o= 212° was assum ed for computations.

A ntibody assay. Both flocculating and protective antibodies were 
assayed. The flocculation test was carried  out in w ater bath  set a t  42° 
in 10X 80mm. tubes observed w ith  a m agnifying glass. The tubes 
contained 20, 35 or 50 Lf un its  of d iph theria  toxin, as reąuired, in 1 ml. 
of 0.15M-sodium chloride, pH 7.0. P roperly  d ilu ted  im m unoglobulin was 
added to each tube, its volume increasing from  0.1 to  1.0 ml. in 0.1 ml. 
increm ents; in the vicinity of the optim um  flocculation ratio  the 
increm ents w ere 0.05 ml. The titre  of the sample was defined as tha t 
am ount of imm unoglobulin which w as the firs t to flocculate under the 
conditions of the assay, and expressed as lim it of flocculation (Lf) units.

P rotective antibodies w ere assayed by skin erythem a protection test. 
Fem ale albino rabbits, 3 to 4 kg. body weight, were depilated and 
in jected  in the dorsal area w ith  0.1 ml. of a m ix tu re  composed of 
1 test-dose of d iphtheria  toxin and 0.05 m l. of im m unoglobulin sample. 
One test-dose was defined as the sm allest am ount of toxin which caused 
skin erythem a w hen m ixed w ith 1/500 of one in ternational un it of 
diphtheria  antitoxin. The reagents used in the flocculation and in  the 
skin erythem a assays w ere standardized against the  In ternational 
Reference P reparation  of D iphtheria A ntitoxin kindly supplied by WITO 
In ternational L aboratory  for Biological Standards, S tatens Serum  Ins- 
titu te , Copenhagen, Denm ark.

RESULTS AND DISCUSSION

Isolation o f immunoglobulins

A  typical chrom atographic p a tte rn  of the whole an ti-d iphtheria  
serum  is shown in Fig. 1. Three prom inent peaks are apparent on the 
elution profile, bu t for the determ ination of electrophoretic m obilities, 
antibody activity, and of antigenic composition, the fractions were 
pooled in eight groups, as indicated in Fig. 1 . F raction I (m arked IgG 
in Fig. 1 in anticipation of fu rth e r  discussion) w as not reta ined  on 
Sephadex A-50. On paper electrophoresis in ѵегопаі buffer, pH 8 .6 , 
peak I was found to consist only of proteins exhibiting a slight cathodic 
m obility w ith  no apparen t contam inations. The second m ajor peak, II, 
m arked IgG(T) consisted of proteins moving slightly towards anodę on 
paper electrophoresis at pH  8 .6 . O ther fractions showed under the same 
conditions variab le am ounts of a- and /?-globulins, except for fraction 
VII which consisted alm ost en tire ly  of proteins w ith  the electrophoretic 
m obility of serum  album in. Im m unodiffusion p a tte rn s  (Fig. 5) indicated
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Fig. 1. C hrom atography of w hole eąu ine anti-d ip hth eria  serum  on Sephadex  
A -50 colum n. Sephadex A-50 eąu ilibrated  w ith  17.5 т м -phosphate buffer, pH 6.3. 
Column charged w ith  68 m l. serum  contain ing 500 L f/m l. Fractions, 4.5 m l., collected  
a t a rate of 35 to 45 m l./hr. E lution w ith  17.5 т м -phosphate buffer, pH 6.3; sodium  

chloride gradient linearly  rising from  fraction  no. 54

Fig. 2. Chrom atography of the enriched im m unoglobulin  preparation obtained  
from  non-im m une horse serum . C onditions as in Fig. 1, but a stepw ise elu tion  

used instead of the gradient elution. Colum n charged w ith  0.318 g. protein  
Fig. 3. Chrom atography of the enriched im m unoglobulin  preparation obtained  
from  hyperim m une anti-d iphtheria  serum . C onditions as in  Fig. 2. Column charged  
w ith  1.54 g. protein containing 6700 L f/g., i.e. a total of 10 318L f units of diphtheria

antibodies
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T able  1
Distribution o f anti-diphtheria antibodies among the fractions obtained by chromato

graphy on Sephadex A-50, pH 6.3, o f the whole hyperimmune serum 
For the designation of fractions see Fig. 1.

Preparation
Recovery (%) Lf units/g.

protein Lf units protein

Whole serum 100 100 4 950
Fraction I 17.1 0 0
Fraction II 22.8 71 15 000
Fraction III 5.2 13.5 12 300
Fraction IV 6.4 8.4 5 950
Fractions V, VI and VII 43.0 0 0

th a t fraction III, and possibly also fraction IV, contained a protein 
component which was identical w ith one of the pro teins p resent in 
fraction II.

M ost of the diphtheria antibodies w ere found in fraction II (see 
Table 1), i.e. in IgG(T), bu t about 20% of the antibody activ ity  was 
spread tow ards fractions emerging from  the column in the buffer of 
higher ionic strength; no antibody activ ity  was found in fraction I.

Chrom atographic partition ing  of the enriched im m unoglobulin p re 
paration, w hether obtained from  a non-im m une horse (Fig. 2) or from  
a hyperim m unized anim al (Fig. 3) yielded two m ajor peaks, cleanly 
separated; the separation was m uch im proved when stepwise elution 
was used instead of gradient elution. Only one additional protein peak 
em erged from  the column at about 0.5M-sodium chloride: it was a blue 
coloured protein  fraction consisting m ainly of ceruloplasm in w ith an 
adm ixture  of some ^-globulins.

Im m unoglobulins recovered chrom atographically  from  hyperim m une 
sera as w ell as from  non-im m une sera exhibited  a typical electrophoretic 
behaviour on paper electrophoresis in pH 8.6  buffer, the  unretained  
fraction moving tow ards cathode and the reta ined  fraction tow ards 
anodę. The distribution of antibodies is p resen ted  in  Table 2 . About 90% 
of an ti-d iph theria  activ ity  contained in the enriched im m unoglobulin 
preparation  w as recovered in the effluent. Essentially all antibodies 
w ere found in  IgG(T) (fraction II), bu t about 2%  was presen t in IgG 
(fraction I), as assayed by the skin erythem a protection test. The over-all 
гесоѵегу of an ti-d iph theria  antibodies w ith respect to the in itial whole 
serum  w as about 50%, which is of the order expected if the serum  was 
cbrom atographed twice in order to  achieve a com parable degree of 
p u rity  of IgG(T).

The chrom atography as described above differs from  th a t used by 
W eir & P o rte r (1966) in  th a t theise authors used Sephadex A-50 colum n 
at pH 8.4 for rechrom atography of im m unoglobulins in itia lly  isolated
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on pH 6.3 column. The enriched im m unoglobulin preparation  run  on 
pH  8.4 column yielded in our hands essentially  the sam e results as on 
pH  6.3 column w ith a sim ilar гесоѵегу of the antibodies.

Comparison o f IgG andlgG(T) isolated from the whole serum 
and from the enriched immunoglobulin preparation

The data presented  in the preceding section show th a t the p a tte rn  
of chrom atographic partition ing  of im m unoglobulins is practically  in
dependent of w hether the enriched p repara tion  or the whole serum  are 
ru n  through the column. In each case two m ain im m unoglobulin fractions 
a re  obtained, exhibiting typical p roperties of IgG (fraction I) and of 
IgG(T) (fraction II). However, the IgG/IgG(T) ra tio  depends on the 
n a tu rę  of the starting  m ateriał: the average ratio, calculated from  a 
num ber of experim ents was 1:1.4 in the case of the whole hyperim m une 
serum , and 1:2.7 in the case of the enriched im m unoglobulin preparation. 
(The enriched preparation  obtained from  non-im m unized horse yielded 
the  IgG/IgG(T) ratio  of 1:1.2 only). It appears th a t some of the IgG 
is lost during salt fractionation resulting in a p referen tia l concentration 
of IgG(T). A sim ilar observation was reported  by Raynaud & Relyveld 
(1959) fo r a horse serum  fractionated by salting out w ith am m onium  
sulphate.

Irrespective of the  source and of the m ethod of fractionation, IgG(T) 
w as the only fraction in which the antibodies against diphtheria  toxin 
w ere concentrated; it rem ains obscure w hether a tracę am ount of the 
antibodies found in IgG (cf. Table 2) represented  a d ifferent m olecular 
e n tity  or an incidental contam ination w ith  IgG(T). The specific activ ity  
of an tid iphtheria  antibodies in IgG(T) ranged from  12 000 to 19 000 Lf 
u n its  per gram  of protein; the difference appears ra th e r insignificant 
in view of the lim ited precision of the flocculation test.

IgG and IgG(T) fractions exhibited characteristic  m obilities on paper

T able  2

Distribution o f anti-diphtheria antibodies among the fractions obtained by chromato
graphy on Sephadex A-50, pH 6.3, from the enriched immunoglobulin preparation

For the designation of fractions see Fig. 3. AU, antitoxic units, skin erythema protection test.

Preparation
Recovery (%) Lf/g. AU/g.

protein Lf units protein protein

Enriched immunoglobulin pre
paration 100 100 6 700 not done

Fraction I 26.6 0 0 350
Fraction Ц 59.0 91 12 200 12 400
Fraction ІП 4 0 0 0
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electrophoresis, i.e. slightly cathodic and slightly anodic, respectively. 
Also, in the starch-gel electrophoresis (Fig. 4), IgG m oved tow ards 
cathode from  the point of application, and IgG(T) tow ards anodę; no 
difference was found in the apparen t hom ogeneity and contam ination 
w ith o ther serum  protein fractions betw een the imm unoglobulin isolated 
from  the whole serum  and from  the enriched im m unoglobulin p re 
paration.

In the agar precipitation test (Fig. 5), IgG form ed a single line, and 
IgG(T) two lines w ith the rabb it serum  against horse serum  protein. 
The line form ed by IgG appears confluent w ith the w eaker of the two 
lines form ed by IgG(T). The same p a tte rn  was obtained w ith imm uno
globulins isolated from  the whole serum  and from  the enriched p re
paration.

W hen instead of anti-horse serum , the trough w as filled w ith  
d iphtheria toxin, the precipitation line appeared only a t the well contain- 
ing IgG(T) (Fig. 6). The lines are sharp w ith imm unoglobulins obtained 
from  the whole serum  as well as from  the enriched preparation, despite 
the ąuestionable p u rity  of the toxin. In Fig. 6 the precipitation patterns 
are shown of the fractions which em erged from  the colum n a fte r  IgG(T) 
when the la tte r  was isolated chrom atographically from  the whole serum  
(cf. Fig. 1). Fraction III gave a m ultip le zone of precipitation, in which 
one or m ore lines were confluent w ith  the line form ed betw een IgG(T) 
and the toxin, but o thers were not. It seems likely that in fraction III, 
and possibly also in fraction IV, the antibodies are present which, 
although directed against d iphtheria  toxin preparation, are not identical 
w ith those present in IgG(T). Such antibodies were found in eąuine 
an ti-hap ten  serum  by Rockey, K linm an & K arush (1964). In the case of 
an ti-d iphtheria  serum , the activ ity  p resent in fractions III and IV are 
eyidently  lost during salt fractionation, thus increasing the p u rity  of 
im m unoglobulins if chrom atography has been carried  out a fte r prelim i- 
nary  isolation of the enriched preparation.

The content of carbohydrate was m arkedly  d ifferen t in IgG and 
IgG(T) (Table 3). The am ount of carbohydrates, calculated as hexose,

T able  3
Carbohydrate content o f eąuine immunoglobulins 

The content of hexose was determined by the orcinol method (Winzler, 1955).

Fraction derived from
IgG IgG(T)

hexose (moles/mole 
protein)

Whole serum 5.7 13.9
Enriched immunoglo

bulin preparation 5.6 15.0
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Fig. 4. S tarch-gel electrophoresis of 
eąu ine im m unoglobulins. Borate 
buffer, pH 8.6, m igration  from  top 
to bottom . From  le ft to right: 
enriched preparation o f im m unoglo

bulins, IgG(T), IgG

in IgG was only about 30%  of tha t in IgG(T), in agreem ent w ith  the 
findings reported  by Rockey et al. (1964) for eąuine an ti-hapten  serum , 
and by W eir & P o rte r (1966) fo r eąuine an ti-d iph theria  serum. Again, 
no difference was found betw een the respective im m unoglobulins 
isolated from  the whole serum  and from  the enriched preparation.

Ali experim ents aim ed a t the comparison of struc tu ra l param eters 
of IgG and IgG(T) w ere carried  out w ith  the proteins isolated by 
Sephadex A-50 chrom atography from  the enriched imm unoglobulin 
preparation, sińce, as shown in the previous section, no difference has been 
found betw een the imm unoglobulin fractions isolated from  these p re 
parations and from  the whole serum . The data presented  below were 
alw ays obtained from the proteins isolated from  the same sample of 
serum , bu t yarious preparations yielded practically  identical results.

Antigenic specificity of IgG and IgG(T) was studied using rabb it 
sera against fractions isolated by Sephadex A-50 chrom atography. 
Im m unodiffusion pa tte rn s  with anti-IgG(T) sera are presented in Fig. 7, 
and those w ith anti-IgG  sera in Fig. 8 . Anti-IgG(T) serum  form s a single 
line w ith IgG, and a single line w ith IgG(T), b u t a t h igher concentration 
of IgG(T) a second, m ore diffuse, line can be seen (cf. bottom  row, 
Fig. 7). N either of the lines form ed betw een anti-IgG(T) serum  and 
IgG(T) is confluent w ith  the line form ed betw een th is serum  and IgG. 
A nti-IgG  serum  yields a d ifferen t pa ttern . A single line form s betw een 
IgG and anti-IgG  serum , bu t distinct two lines appear w ith IgG(T). One 
of these two lines (fu rther from  the trough, cf. Fig. 8) seems confluent 
w ith the precipitation line characteristic  of IgG. I t  may, therefore, be 
concluded th a t in the IgG(T) p reparation  a t least two components are  
present, one of which is antigenically  yery  sim ilar to IgG. In order to

Comparison o f the structural parameters o f IgG and IgG(T)
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Fig. 5 Fig. 6
Fig. 5. Im m unodiffusion analysis of eąuine im m unoglobulins. Centre trough: 
an ti-eąu in e serum . W ells, from le ft to right, top row: Fraction I, Fraction II, 
Fraction III, Fraction IV obtained by chrom atography of the w hole anti-d iphtheria  
serum  (cf. Fig. 1); bottom row: IgG, 5.5 m g./m l.; IgG(T), 8.1 mg./ml.; IgG,
6.8 m g./m l.; IgG(T), 16.5 m g./m l. IgG and IgG(T) obtained by chrom atography of the  

enriched im m unoglobulin  preparation (cf. Fig. 3)
Fig. 6. Im m unodiffusion analysis o f eąuine anti-d iphtheria im m unoglobulins.

Centre trough: diphtheria toxin. W ells: as in Fig. 5

Fig. 7. Fig. 8.
Fig. 7. Agar precipitation of eąu in e im m unoglobulins w ith  anti-IgG (T) serum .

Top row: 0.18 mg. protein per w ell; bottom  row: 0.36 mg. protein per w ell 
Fig. 8. Agar precipitation of eąu in e im m unoglobulins w ith  anti-IgG  serum . Top 

row: 0.18 mg. protein per w ell; bottom  row: 0.36 mg. protein per w ell

Fig. 9. im m unoelectrophoresis an a lysis of eąu ine im m unoglobulins. Ѵегопаі buffer,
pH 8.6; 2.5 m A/cm .; 2.5 hr.
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study th is relationship in more detail, im m unoelectrophoresis was car
ried out using both an tisera and both fractions, alone or mixed. The 
results are presen ted  in Fig. 9. Anti-IgG(T) serum  form s a sharp 
precipitation line in the  fa r  cathodic region w ith IgG, and an irregu lar 
precipitation line, close to the  application point, w ith IgG(T). The la tte r  
is composed of two superim posed lines as evidenced by a short forking 
seen, in particu lar, on its cathodic end. W hen IgG(T) was applied to the 
agar layer together w ith  IgG, the p a tte rn  obtained w ith anti-IgG(T) serum  
changed in th a t one of the arm s of the forking was extended fa r tow ards 
cathode. A th ird  precipitation line, such as should be expected in case 
of non-identity  betw een IgG and IgG(T) was com pletely absent. Thus,. 
the conclusion draw n from  the agar precipitation tests was supported 
by im m unoelectrophoresis, nam ely th a t in IgG(T) a com ponent is present 
which is antigenically  indistinguishable from  IgG. The only difference 
betw een IgG and its coun terpart in IgG(T) appears to consist in their 
w idely d ifferen t electrophoretic m obility: IgG m oves tow ards cathode, 
being presum ably  transported  by endosmotic curren t, while in IgG(T) 
a slightly  h igher charge, possibly due to anionie carbohydrate component, 
m akes it move tow ards anodę, or stay  close to the application point as 
in the case of agar electrophoresis.

Despite the inhom ogeneity of IgG(T) revealed by immunochemical 
procedures, the pro tein  appears homogeneous in gel filtra tion  (Fig. 10). 
Gel filtra tion  p a tte rn s  of IgG and IgG(T) w ere analysed by the proba- 
bilistic p lo t according to Tracey & W inzor (1966). A stra ight line

Fig. 10. G el-filtra tion  of eąu in e im m unoglobulins. Sephadex G-200 eąuilibrated  
and eluted w ith  0.15 м-sod ium  chloride, pH 7.0; colum n 2 :X 115 cm.; elution rate

28 m l./hr., fractions 4.7 m l.
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Fig. 11. A nalysis of hom ogeneity of ge l-filtra tion  patterns of eąu ine im m uno
g lobulins. F uli circles: IgG; em pty circles: IgG(T). Data from  Fig. 10. Cmax: 
m axim um  concentration; Cy: concentration at a g iven  elu tion  ѵ о іи т е ; V denotes 
the elu tion  volum e on the descending (d) or on the ascending (a) arm of the

elution curve

(Fig. 11) obtained by Tracey & Winzor procedurę shows tha t both 
im m unoglobulins are essentially homogeneous, and a slight deviation 
from  the linearity , seen a t the highest values on the abscissae, results 
from  insufficient precision of the concentration m easurem ent ra th e r 
than  from  a tru e  inhomogeneity.

Fig. 12. U ltracentrifuge diagram s of 
eąu ine im m unoglobulins. Protein  
4.6 m g./m l. in 0.15 м -sodium  chlo- 
ride, pH 7.0. 28th m inutę at 59 870 
rev./m in. U pper diagram: IgG(T);

low er diagram : IgG

D uring ultracentrifugation, both IgG and  IgG(T) sedim ent as homo
geneous peaks (Fig. 12). The sedim entation coefficients w ere concentra
tion dependent, w ith the slope of S versus  concentration m ore 
steep  in) the case of IgG than  IgG(T). The sedim entation coefficient 
S20=  6.70 was found for IgG, and 6.92 for IgG(T). This is in a close 
agreem ent w ith  6.55 to 6.80 for IgG, and 6.75 to 6.95 for IgA from  
eąuine an ti-hapten  sera reported  by K linm an et al. (1966), and by Rockey 
et al. (1964). Using the eąuation developed by H alsall (1967), m olecular 
w eight was estim ated 146 000 for IgG, and 153 000 for IgG(T). Pain (1965)

290
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found the m olecular w eight of horse serum  IgG to be 148 000 from  sedi- 
m entation eąuilibrium  and diffusion m easurem ents.

In order to com pare the am ino acid composition of IgG and IgG(T), 
the p ro teins were hydrolysed as described under M ethods. Since only 
the comparison was aimed a t bu t not the absolute am ounts, no correc- 
tion was introduced into the resu lts  for hydrolytic destruction (Table 4). 
The com parison betw een the am ino acid composition of IgG and IgG(T) 
w as made on the basis of nu li hypothesis, th a t is to say th a t no difference 
existed. For calculations, the num ber of am ino acid residues per mole 
protein  was determ ined and conyerted into m ole-fractions, i.e. the num 
ber of residues of a given amino acid divided by  the total num ber of am ino 
acyl residues per mole protein. Then the ratio  of m ole-fractions in IgG 
to th a t in IgG(T) for each residue was calculated. The results are 
listed in Table 4 together w ith the data of W eir & P o rte r (1966) sim ilarly  
treated . The m ean ra tio  found for our preparations is 1.02 ± 0.093, and 
for the W eir & P o rte r’s preparations 1.01 ±  0.072. The sim ilarity  of the 
am ino acid composition of IgG and of IgG(T) is ąu ite  striking: all ratios

T able 4

Amino acid composition of eąuine immunoglobulins

IgG IgG(T) mole-fraction IgG

Amino acid moles mole- moles mole- mole-fraction IgG(T)
per mole -fraction per mole -fraction Weir & Porter
protein (%) protein (%)

this paper (1966)

Aspartic acid 76 5.40 86 6.45 0.84 0.93
1 Threonine 112 8.00 101 7.20 1.11 1.11

Serine 158 11.30 145 10.35 1.09 0.98
Glutamic acid 127 9.10 125 8.90 1.02 1.04
Proline 104 7.42 133 9.50 0.78 0.86
Glycine 100 7.12 96 6.85 1.04 0.97
Alaninę 82 5.85 78 5.56 1.05 1.04
Ѵаііпе 135 9.63 127 9.06 1.06 1.00
Isoleucine 51 3.62 48 3.43 1.06 1.16
Leucine 119 8.50 114 8.15 1.04 0.95
Tyrosine 45 3.20 45 3.22 0.99 1.09
Phenylalanine 33 2.36 33 2.36 1.00 1.05
Lysine 139 9.90 150 10.70 0.93 0.98
Histidine 37 2.64 32 2.28 1.16 0.95
Arginine 36 2.54 38 2.71 0.94 1.04
Tryptophan * 20 1.43 20 1.43 1.00 1.00
Cysteine 31 2.20 28 2.00 1.10 1.04

Total 1405 100.21 1399 100.15 __ __
Mean — — — — 1.02 ±0.09 1.01 ±0.07

*  Spectrophotometric method (Веаѵеп & Holiday, 1952).
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of m ole-fractions are w ith in  th ree  standard  deviations of the m ean. 
It is, however, w orth noting tha t in W eir & P o rte r’s preparation  as w ell 
as in that of ours, the prolyl residue seems slightly  less abundant in 
IgG(T) than in IgG, sińce the ratio  of m ole-fractions is outside the  tw o 
standard  deviations. In view of the fact th a t IgG(T) is composed of two 
proteins differing in the ir antigenic specificity, it has to be concluded 
that the sim ilarity  of am ino acid composition extends over IgG, its  
coun terpart in IgG(T) and a third, distinct com ponent in IgG(T), possibly 
Ig A.

The gross conform ation of im m unoglobulins w as studied by m easure- 
m ent of optical ro ta to ry  dispersion. The ORD param eters  are shown in 
Table 5 from  which it w ill be seen th a t both IgG and  IgG(T) are charac- 
terized by Iow ao and very  Iow b0. Low values of these param eters  
appear to be a typical fea tu re  of im m unoglobulins isolated from  a v a - 
rie ty  of anim als (Fleischman, 1966; Okulov, T roitsky & Gordeev, 1966), 
It is not known w hether the Iow bo param eter ref lec ts a low helicity  of 
im m unoglobulins or the presence of compensating conform ations.

T able  5

Optical rotatory dispersion parameters o f eąuine immunoglobulins

Fraction \ ao \ bo

IgG
IgG(T)

—305 
—302

+  3 
+  5

W hatever the conform ation of eąuine imm unoglobulins, there is 
little  doubt th a t they do possess a considerable degree of m olecular 
organization. Spectrophotom etric titra tion  of tyrosyl residues (Fig. 13) 
showed that the m id-point of phenolic ionization w as a t pH 11.9 w hen 
the proteins w ere titra ted  from  neu tra l tow ards alkaline pH. The reverse 
titration, i.e. carried tow ards n eu tra l pH afte r 24 hr. in 0.1 N-sodium 
hydroxide a t room tem peraturę, dem onstrated a m arked norm alization 
of phenolic ionization: the m id-point was shifted to 10.5 which is close 
to the intrinsic pK  of tyrosyl hydroxyl. No difference w as found betw een 
the titra tion  of tyrosyl residues in IgG and IgG(T).

In search of a more subtle sounding of tyrosyl residues in im m uno
globulins, a ttem pts have been m ade to apply the solvent pertu rbation  
m ethod (Herskoyits & Laskowski, 1962). W ith 30%  (v/v) m ethanol as 
pertu rban t, about 60% of tyrosyl residues in IgG(T) w ere found solvent- 
-accessible, bu t IgG could not be so inyestigated because a strong 
tu rb id ity  deyeloped im m ediately on addition of m ethanol. W ith 20%  
(v/v) glycerol, only a fain t and indistinct difference spectrum  w as 
generated, not am enable to quantita tive  in terpreta tion . A qualitative 
conclusion which m ay be draw n from  these experim ents is tha t the
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F ig. 13. Spectrophotom etric titration  
o f tyrosyl residues in eąuine im m uno
g lobu lins. Triangles: IgG; circles:
IgG(T). Em pty sym bols: forw ard
titration; fu li sym bols: reverse titration

Fig. 14. The e ffect of urea on the exposure of tyrosy l residues in eąu ine im m uno
globulins. F u li circles: IgG; em pty circles: IgG(T).

F ig. 15. T he e ffect of urea on the exposure of tryptophyl residues in eąu in e  
im m unoglobulins. F uli circles: IgG; em pty circles: IgG(T)
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accessibility of tyrosyl residues to solvents in eąuine im m unoglobulins 
m ust be lim ited, sińce glycerol, a rela tively  bulky  p e rtu rb an t, cannot 
gain access to these chromophores.

A profound effect on the  difference spectra w as observed when 
im m unoglobulins were treated  w ith  urea Solutions of various concentra- 
tions (Figs. 14 and 15). Urea a t Iow concentrations does no t affect the 
conform ation of proteins but shifts the position of the absorption m axim a 
of exposed chrom ophores, while a t high concentrations an unfolding of 
the protein  molecule ensues (W etlaufer, 1962). The changes a t 286- 
288 т ц  are a ttribu ted  m ainly to  tyrosyl pertu rbation , w ith  some con- 
tribu tion  from  tryptophyls and a negligible contribution from  phenyl- 
alanyl residues. The changes a t 292-294 тм- are alm ost exclusively due 
to the  pertu rbation  of tryp tophyl chrom ophores (Herskovits & Soerensen, 
1968).

The difference m olar extinction coefficients, Ae, of both IgG and 
IgG(T) increase linearly  w ith  the rising urea concentration, b u t a t h igher 
urea concentrations the difference extinctions rap id ly  decrease. Positive 
values of d£286_288m„ indicate a pertu rbation  of tyrosyl chrom o
phores resulting in a long w avelength shift of the absorption т а х і т и т .  
N egative values of d£286_288m, indicate the unfolding of the  protein  
which brings tyrosyl chrom ophores in contact w ith w ater and results 
in a shift of the absorption т а х і т и т  towards short w avelengths.

The initial slope of ^£286- 288m versus u rea concentration for both 
IgG and IgG(T) is rectilinear, indicating a purely  pertu rbational effect. For 
a num ber of proteins the pertu rbation  param eter of tyrosyl residues in 
urea w as found 18.5 extinction un its  per residue per mole urea per liter 
(W etlaufer, 1962). Using th is value, from  the results presented  in Fig. 14 
it can be calculated th a t approxim ately  65°/o of tyrosyl residues in  IgG 
as w ell as in IgG(T) are  solvent accessible. In contrast, the tryptophyl 
residues appear all m asked, as indicated by the zero slope of de292_294m;i 
(Fig. 15) when plotted  against urea concentration.

A distinct difference was found betw een the unfolding effect of high 
concentration of urea on IgG and on IgG(T). Urea concentrations a t 
which positive values of Ae are replaced by negative ones could not be 
precisely determ ined owing to a large scatter of experim ental values in 
this region. However, zero difference extinction ordinate a t 286 - 288 т ц  
was crossed by IgG a t 6.0 м -urea, while by IgG(T) a t a significantly 
low er concentration of 5.2 м. A fu rth e r  course of the p lots shown in 
Fig. 14 indicates th a t IgG is considerably more resistan t to u rea  induced 
unfolding than  IgG(T): the  m id-point of transition, m easured a t 286- 
288 mio-, is a t 6.8 м -urea in the case of IgG, bu t a t 6.0 м in the case of 
IgG(T). Essentially the sam e m id-points are  observed w hen the unfolding 
is followed a t 292 - 294 (Fig. 15). Thus it  m ay be concluded th a t the 
unfolding of tyrosyl containing regions of both im m unoglobulins is in

http://rcin.org.pl



Ѵоі 16 E Q U IN E  IM M U N O G LO B ULIN S 295

phase with the unfolding of tryp tophyl containing regions. The difference 
in the susceptibility to unfolding by urea appears, so far, to be the only 
conform ational difference betw een IgG and IgG(T).
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IMMUNOGLOBULINY KOŃSKIE: PORÓWNANIE WŁAŚCIWOŚCI MOLEKULARNYCH

( S t r e s z c z e n i e

1. Z surow icy  koni h iperim m unizow anych w  stosunku do błonicy izolow ano  
frakcje im m unoglobulin  IgG i IgG(T) przy pom ocy w ysalan ia  i chrom atografii na 
Sephadex’ie DEAE.
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2. W łaściw ości IgG i IgG(T) izolow anych z surow icy tego sam ego konia b yły  
przedm iotem  porów nania. A ktyw ność przeciw ciał stw ierdzono jedynie w  IgG(T).

3. IgG i IgG(T) różniły się zaw artością w ęglow odan ów  i podatnością na roz- 
fa łdow anie przez m ocznik.

4. IgG i IgG(T) b yły  nieom al identyczne co do w łaściw ości antygenow ych, 
sk ładu am inokw asow ego, ciężaru m olekularnego, jonizacji tyrozyn, param etrów  
skręcalności optycznej, oraz dostępności tyrozyn i tryptofanów  dla rozpuszczalnika.

R eceived 8 March, 1969.
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LIDIA PAŚŚ and KONSTANCJA RACZYŃSKA-BOJANOWSKA

ARGININE IN VIOMYCIN BIOSYNTHESIS

Biochemical Laboratory, Institute o f  Antibiotics, ul. Starościńska 5, Warszawa

1. A rginine in contrast to citru lline, ornithine, urea, lysine, leucine, 
g lycine and serine constitu tes alm ost as good nitrogen source for 
ѵ іо т у с іп  biosynthesis as (NH^SC^. 2. Inhibition of antib iotic produc- 
tion is associated, except in  stationary cultures, w ith  accum ulation of 
arginine in  m ycelium . 3. The activ ities of arginase and serine dehydra- 
tase (deam inating) are not related  to the process of antibiotic form ation, 
or to concentration of the respective am ino acids in m ycelium .
4. A  non-specific X -am id inotransferase transferring am idino group 
to an unknow n acceptor w as found in S trep to m yces  strain producing  
ѵ іо т у с іп . The enzym e w as repressed by inorganic phosphate, oxygen  
deficiency  and сапаѵапіпе, factors inh ib iting ѵ іо т у с іп  biosynthesis.
5. The role of transam idination in a generał m echanism  of biosynthesis  
of guanidino group in antib iotics is d iscussed.

Ѵ іотусіп, a strongly basie peptide of tubereulostatie properties, 
belongs to a large group of guanidine antibiotics (Szylagyi, Valyi-Nagy, 
Szabo & Keresztes, 1964). I ts  s truć tu re  has recently  been extensively 
studied (Kitagawa, Sawada, M iura, Ozasa & Tanyiam a, 1968; Bycroft 
et al., 1968a,b; Takita & Maeda, 1968; Lechowski, 1969), bu t no attem pt 
has been m ade to elucidate the biosynthetic m echanism  of am ino acid 
seąuence and the origin of guanidino group.

Complete acid hydrolysis of ѵ іотусіп  yields: viomycidine, considered 
as an a rtifac t of the  na tu ra l guanidine component, L-a,/?-diaminopropionic 
acid, L-/?-lysine, L-serine, urea, and carbon dioxide (Bowie, Сох, Johnson 
& Thomas, 1964).

The presence of the ureido and guanidino groups in  ѵ іотусіп  
prom pted  us to investigate the effect of arginine on biosynthesis of this 
antibiotic. Two types of enzymes have been taken into consideration: 
arginase responsible for catabolic breakdow n of arginine and supply of 
urea, and the  am idino group transferring  system  dem onstrated by 
W alker (1958) in Streptom yces griseus and  called X -am idinotransferase 
(W alker & Hnilica, 1964) to indicate the unknown receptor of the 
amidino group.

[297}
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MATERIALS AND METHODS

Reagents. L actate dehydrogenase (5 mg./ml.), g lu tam ate dehydroge- 
nase (20 mg./ml.), aspartate  transam inase (2 mg./ml.), m alate dehydro
genase (0.5 mg./ml.), NAD+ and NADH were p roducts of C. F. Boehringer 
& Soehne (Mannheim, G.F.R.). L-Serine and  L-ornithine w ere obtained 
from  Reanal (Budapest, Hungary); L-aspartic acid, L-citrulline, L-glutamic 
acid, and L-canavanine • H2SO4 w ere from  Calbiochem. (Lucerne, Sw itzer- 
land). L-Arginine • HC1 was from  Sojuzchim export (U.S.S.R.), tris(hydro- 
-xym ethyl)am inom ethane was a product of Loba Chemie (W ien-Fischa- 
mend, Austria), /Lm ercaptoethanol of L ight & Co. Ltd. (Colnbrook, 
Bucks., England), lysozyme (from egg white, 25 units/mg.) of Sigma 
Chemical Co. (St. Louis, Mo., U.S.A.), Difco yeast ex trac t of Difco 
Laboratories (Detroit, Mich., U.S.A.), Ьоѵіпе blood serum  album in cryst., 
of Serva (Heidelberg, G.F.R.) and sodium nitroferricyanide of M erck 
(U.S.A.). O ther reagents were from  Fabryka Odczynników Chemicznych 
(Gliwice, Poland). Arginase from  ra t Ііѵег was prepared according to 
Schimke (1964) and contained 250 units/m l. Pentacyanoam m onium ferrate 
trisodium  was obtained from  sodium  nitroferricyanide according to  
B reuer (1962). The purified  arginase inhibitor from  sunflow er seeds was 
a gift of Dr. Grażyna M uszyńska (Institu te  of Biochem istry and Bio- 
physics, Polish Academy of Sciences, W arszawa) prepared as described 
by M orawska-M uszyńska & R eifer (1965).

Organisms. Streptom yces  sp. s tra in  producing ѵ іотусіп  and Strep to- 
m yces erythreus  were obtained from  Drs. M. Tyc and B arbara Ostrow - 
ska-K rysiak of the Division of Microbiology, and the o ther strains: 
Streptom yces griseus, Streptom yces nursei, Bacillus subtilis and Bacillus 
licheniform is w ere from  the S train  Collection, Institu te  of Antibiotics, 
W arsaw.

Culture conditions and the сот ріех soluble basie m edium  were the 
same as used previously (Paśś & Raczyńska-Bojanowska, 1968). In the 
experim ents on the effect of various n itrogen sources on ѵ іотусіп  
biosynthesis amm onium  sulphate was replaced by araino acids or urea 
supplying the equivalent am ount of nitrogen. The basie m edium  was 
supplem ented in some experim ents w ith сапаѵапіпе (1.5 ц -то іе/ті.), 
or vetch flour ex tract was used instead of the soya flour ex trac t 
because of the unusually  high сапаѵапіпе content in the form er p lan t 
(Bell, 1965). The vetch flour employed (Ѵісіа sativa, varie ty  Sielecka) 
contained p e r  1 gram  96wnoles of сапаѵапіпе and 3.5Mmoles of arginine, 
w hereas soya flour contained 2.6 and 8.4fomoles, respectively. The spe- 
cific arginase inhibitor from  sunflow er seeds (lOM-g./ml.) and phosphorus 
(150 and 1000 ng./ml.) in the form  of KH2P0 4 -Na0 H, pH 7.0, w ere added 
to the b a sie  с о тр іе х  soluble m edium  in the  experim ents indicated in 
the t e x t
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Preparation of m ycelium  extracts and spheroplasts, and assay of free  
and bound amino acids w ere as described previously (Paśś & Raczyń- 
ska-Bojanow ska, 1968).

Enzym e assay. Arginase w as determ ined according to G reenberg 
(1955). The incubation m ix tu re  contained: L-arginine • HC1, 5 цшоіеэ; 
MnCl2, 0.05 umole; and m ycelium  ex trac t (0 .8 - 1.0 mg. protein) in 1.0 ml. 
of 0.25 м -glycine buffer, pH 9.5; a fte r  10 m in. incubation a t 37° the 
reaction was stopped by adding 1 ml. of 6 N-phosphoric acid, and 
ornith ine form ed was m easured a fte r  Chinard (1952).

D eterm ination of serine dehydratase  (deam inating) was coupled w ith 
reduction of form ed pyruvate  in the presence of NADH and lactate  
dehydrogenase according to F reedland  & Аѵегу (1964).

The activ ities of arginase and serine dehydratase were expressed in 
(.imoles/min./g. w et wt. of m ycelium ; the  w et w eight referred  to m ycelium  
obtained on centrifuging the cu ltu re  at 2000 rev./m in. for 15 m in. The 
activ ity  of X -am idinotransferase was determ ined according to W alker 
(1958) using hydroxylam ine as an acceptor of the am idino group. The 
reaction m ix tu re  containing arginine • HC1, 20 M-moles; hydroxylam i- 
ne*H Cl, 400umoles; and m ycelium  ex trac t (8 -10 mg. protein) in 1.0 ml. 
of 0.2 м -phosphate buffer, pH  7.0, was incubated for 2 h r. a t 37° and 
deproteinized w ith 1.0 ml. of a m ix tu re  of 30%  trichloroacetic acid- 
-acetone (1 :1 , v/v). H ydroxyguanidine form ed in the reaction was 
estim ated colorim etrically w ith Na3-pentacyanoam m onium ferrate a t 
480 т ц . A rginine in  some experim ents w as replaced by other guanidine 
compounds: a-am ino-^-guanidinopropionate, a-am ino-y-guanidinobutyra- 
te, creatine and creatin ine in the same m olar concentration. One u n it 
of enzyme activ ity  was defined as th a t am ount of enzym e which 
increased the extinction at 480пцаЪу 0.01, and the activ ity  was expressed 
in units/m g. pro tein /2  hr.

Determ ination of protein and nitrogen. P rotein  in the ex trac t w as 
assayed according to Low ry et al. (Layne, 1955), and nitrogen in the 
medium  by the K jeldahl m ethod.

D eterm ination of w et and dry w eight of m ycelium  and the am ount 
of ѵіотусіп  w ere perform ed as described previously (Paśś & Raczyń- 
ska-Bojanowska, 1968).

RESULTS

Effect  of nitrogen source and inhibitors on ѵіотусіп biosynthesis. 
U tiliz a tio n  o f  a r g in in e  fo r  g r o w th  a n d  ѵ іо т у с іп  p r o d u c tio n  b y  th e  
in v e s t ig a te d  Streptom yces  s tr a in  w a s  c o m p a re d  w ith  th a t  o f  a m m o n iu m  
su lp h a te  an d  co m p o u n d s r e la te d  to  a rg in in e: u rea , L -o m ith in e  a n d  
L -c itr u llin e . In  a d d it io n  L -le u c in e , L - ly s in e , g ly c in e  an d  L -ser in e , a  c o m 
p o n e n t  o f ѵ іо т у с іп ,  w e r e  in c lu d e d  in  th e  e x p e r im e n ts . D a ta  g iv e n  in  
T ab le  1 sh o w  th a t th e  a m o u n t o f n itr o g e n  p r e s e n t  in  th e  m e d iu m  w it h -
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out am m onium  sulphate was insufficient for antibiotic production, 
grow th of the  m ycelium  being also m arkedly  reduced. The addition of 
am m onium  sulphate, am ino acids or urea resu lted  in pronounced 
differences in ѵ іотусіп  yield, while the m ycelium  crop varied  insigni- 
ficantly . The am ount of antibiotic produced on the  m edium  containing 
arg in ine was only 13% lower than th a t obtained on control medium  
w ith  am m onium  sulphate and so w as the num ber of antibiotic units 
p e r 1 ц-g. of n itrogen taken up by the m ycelium  (0.91 and  1.01, respectiv- 
ely). The n itrogen uptake was calculated from  the  difference between 
the con ten t of nitrogen in the initial m edium  and the  m edium  from  
w hich a 120-hr. m ycelium  was centrifuged off. On media containing 
o ther n itrogen  sources ѵ іотусіп  biosynthesis w as reduced to 20 - 50% 
w ith  a 2 - 5-fold low er viom ycin:nitrogen ratio. On orn ith ine and c itru - 
lline this ratio  was 1/2, and on urea 1/5 th a t on control medium. U tili- 
zation of lysine and serine as the  m ain nitrogen source in  ѵ іотусіп  
biosynthesis was sim ilar to th a t of ornithine and citrulline, while tha t 
of leucine w as about 30%  higher. Glycine was a n itrogen source for 
antibiotic production as poor as urea.

Ѵ іотусіп  biosynthesis could be inh ib ited  specifically by сапаѵапіпе, 
an an tim etabolite  of arginine, or inhibited non-specifically by inorganic 
phosphate or oxygen deficiency in sta tionary  cu ltu re. As can be seen 
from  the resu lts  presented  in Table 2, the addition of сапаѵапіпе 
(262n.g./ml.) in  substantia  or in the vetch flour ex trac t had little  effect 
on grow th of the  m ycelium  b u t prevented  biosynthesis of ѵ іотусіп . In 
the sta tionary  culture, grow th was reduced by 50%  and ѵ іотусіп  yield 
by 75%. On m edium  containing 186twg.Pj/ml., grow th was stim ulated 
by  20%  and antibiotic form ation inhibited by 90%; a t about 5 times 
h igher Pj concentration, production of the antibidtic was to ta lly  abolished 
and  d ry  w eight of m ycelium  reduced to 40%  of th a t produced on control 
m edium  containing 36 t+g. Р,-/т1.

Changes in amino acid pool. The tim e course of changes in arginine 
concentration in m ycelium  under various conditions of ѵ іотусіп  biosyn
thesis illu stra tes  the  relation of arginine m etabolism  to the process of 
antibiotic form ation. These changes w ere confronted w ith  the size of 
am ino acid pool and differences in concentration of o ther am ino acids: 
serine, a com ponent of ѵ іотусіп , aspartate , a p recursor of the imino 
group of arginine, and glutam ate, a constituent of one of the  most active 
transam ination  systems.

The com position of am ino acid pool w as studied in m ycelium  grown 
on the control, am m onium  sulphate containing m edium , and on media 
w ith  arginine or serine, n itrogen  sources of d ifferen t value in ѵ іотусіп  
biosynthesis (cf. Table 1). The analysis was extended to conditions of 
ѵ іотус іп  biosynithesis inhibited by inorganic phosphate, oxygen shortage 
or сапаѵапіпе.
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T able  1

Effect o f nitrogen source on mycelium growth and yiomycin synthesis

The medium contained: water, 100 ml.; glucose, 5.0 g.; Difco yeast extract, 0.5 g.; soya flour 
extract, 1.5 g.; СаСОз, 0.5 g.; soya oil, 2.0 g. As nitrogen source, 0.6 g. of (NH4)2S0 4  (control) 
or appropriate amounts of the indicated compounds were added. After 120 hr. o f growth, the 
mycelium was separated by centrifuging, in the medium ѵіотусіп and nitrogen were determined, 

and the uptake of nitrogen was calculated. The values are means of 2 - 3 experiments.

Mycelium dry wt. Yiomycin Ѵ іотусіп: 
nitrogen 

ratio 
(units/p.g.)

Nitrogen source added
mg./ml.

0//0
of

control
units/ml.

°//0
of

control

No addition 
Ammonium sulphate

16.1 58 0 0 —

(control) 27.9 100 800 100 1.01
L-Arginine 23.2 83 700 87 0.91
L-Citrulline 32.2 115 425 53 0.41
L-Omithine 29.9 107 400 50 0.40
Urea 23.9 86 230 29 0.18
L-Serine 24.7 88 280 35 0.38
Glycine 25.1 90 220 27 0.17
L-Leucine 24.0 86 320 40 0.68
L-Lysine 21.8 78 190 24 0.32

T able 2

Effect o f inorganic phosphate, сапаѵапіпе and oxygen deficiency on mycelium growth
and yiomycin biosynthesis

To the control medium the indicated compounds were added.

Factors Growth
(%)

Ѵіотусіп
yield
(%)

Control 100 100

Inorganic phosphate
186 ^.g./ml. 120 10

1036 p.g./ml. 39 0

Сапаѵапіпе (262 [J.g./ml.)
in substantia 112 5
vetch flour extract 98 0

Stationary culture 48 25
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Concentration of free and bound am ino acids in  m ycelium  grown on 
arginine w as increased during grow th in the  same w ay as th a t observed 
in  control cultures, the size of the pool was, however, slightly  low er 
(Fig. 1). S im ilar accum ulation of amino acids w as also observed in

Fig. 1. A m ino acid pool in  m ycelium  
grow n on m edia containing: (1), am - 
m onium  su lphate in control and in  
(la), stationary cultures; (2), arginine; 

and (3), serine

sta tionary  culture, w ith a concom itant about 30°/o decrease in the to tal 
size of the pool. In m ycelium  grown on serine containing m edium  the 
pool rem ained practically  constant during growth.

Concentration of arginine, serine+ threonine, asparta te  and g lu tam ate  
in  m ycelium  was practically  unaffected w hen am m onium  sulphate was 
replaced in the m edium  by arginine (Fig. 2). Low concentration of 
arginine in m ycelium  grown on arginine containing m edium  should be 
em phasized sińce the  concentration of serine +  threonine in m ycelium  
grown on serine was elevated about 5 times in 24-hr. cultures, and at 
the  96th hour of grow th still rem ained about 1.5-fold h igher than  in 
control. On the m edium  w ith serine, arginine tended to accum ulate 
during  the last stage of growth. The concentration of aspartate  and 
glutam ate in m ycelium  w as not changed on supplying arginine or serine 
instead of amm onium  sulphate to the medium.

As found previously (Paśś & Raczyńska-Bojanowska, 1968) the ad- 
dition of inorganic phosphate decreased the am ino acid pool especially 
in the sta tionary  phase of grow th, and resu lted  in accum ulation of all 
the investigated amino acids in mycelium.

In m ycelium  grown in the sta tionary  cu ltu re  the am ount of se rin e+  
t  threonine was decreased by about 40%  and th a t of glu tam ate by 
about 30%  as com pared w ith the norm ally  aerated  cultures; the con
centration  of arginine and aspartate  was practically  unchanged.

On m edium  w ith сапаѵапіпе (vetch flour extract), the concentration
http://rcin.org.pl
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Fig. 2. C oncentration of (2), arginine; (2), serine +  threonine; (3), aspartate; and 
(4), glutam ate, in  m ycelium  grow n on m edia containing various nitrogen sources,

as indicated in the Figurę

of arginine in m ycelium  was generally  lower (Fig. 3) and a steady 
accum ulation of this am ino acid w as found during  growth, the regress- 
ion coefficient being +0.040. Low concentration of arginine in mycelium 
and high ѵ іотусіп  yield obtained on arginine containing m edium  suggest 
high ac tiv ity  of the  enzymes responsible for the m etabolism  of this 
am ino acid.

Catabolizing enzym es: arginase versus serine dehydratase. The actiy ity  
of arginase and hence its role in ѵ іотусіп  biosynthesis was compared 
w ith  tha t of serine dehydratase, the enzym e responsible for metabolic 
breakdow n of serine.
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Fig. 3. E ffect o f сапаѵапіпе on argi- 
nine concentration in m ycelium . (1), 
Control m edium ; (2), m edium  w ith  

сапаѵапіпе (vetch flour extract)

Fig. 4. A ctiv ities of arginase and serine dehydratase in m ycelium  grow n on m edia  
containing: (1), 36 ng. Pj/m l. (control); (2), 186 (ig. Pj/m l.; (3), 1036 [tg. Pj/m l.; 

(4), 36 ц. P j/m l. in s ta tio n a ry  culture

In m ycelium  grown on control medium the activ ity  of arginase was 
increasing up to the 48th hour of growth, it  rem ained unaltered  to the 
72th hour, and decreased only in the last stage of antibiotic production 
(Fig. 4). Deficiency of oxygen in the sta tionary  cu ltu res resulted  in 
a decrease in arginase activity, bu t did not affect the tim e course of 
changes in this enzymie actiy ity  during  growth. The addition to  the 
m edium  of inorganic phosphate, an inhibitor of yiomycin biosynthesis, 
resulted  in a total inhibition of arginase.

Serine dehydratase (Fig. 4), in con trast to  arginase, was most active 
in the logarithm ic phase of growth, whereas in the stationary  phase 
connected w ith a high production ra tę  of the antibiotic its activ ity  was 
gradually  decreasing. U nder conditions of oxygen deficiency this enzymie 
actiy ity  was less affected than  th a t of arginase and the to tal yiomycin 
yield (cf. Table 2). Inorganic phosphate added in the  am ount inhibiting
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I’ig. 5. A ctiv itie s of arginase and serine dehydratase in m ycelium  grow n on media  
containing: (1), am m onium  sulphate; (2), arginine; (3), serine

antibiotic synthesis by 90% had no effect on serine deam inating enzyme, 
w hereas in m ycelium  grown on media containing 1036 \xg. Pj/ml. the 
actiy ity  was m arkedly  increased in the 24-hr. cu ltu res and dropped 
rapidly  thereafter: in the 48-hr. m ycelium  it was still h igher than in 
control cu ltu res but no actiy ity  was obseryed in the 72-hr. and 96-hr. 
mycelium.

Arginine used as the m ain nitrogen source reduced the activities of 
the inyestigated enzymes by 20 - 30% in the 24-hr. cu ltu res and sińce 
the 48th hou r of grow th to tal inhibition of both enzymes was noted 
(Fig. 5) despite a high ѵ іотусіп  yield obtained under these conditions 
(cf. Table 1). On serine containing m edium  the actiy ity  of arginase was 
dim inished by about 30% and a substra te  induction of serine de
hydratase  w as found in the 24-hr. m ycelium  followed by a steep decrease 
of the ac tiy ity  in the 48-hr. and  72-hr. mycelium.

To obtain m ore d irect evidence concerning participation of arginase 
in ѵ іотусіп  biosynthesis, a n a tu ra l inhibitor of this enzyme from  
sunflow er seeds was used. The inh ib itor in concentration of 50M-g./ml. 
produced in vitro  a 77% inhibition of arginase actiy ity  (Table 3) and 
w hen added to the grow th m edium  (lOM-g./ml.) it decreased this actiyity  
by 40, 80, 87%  and to tally  in the four successive stages of m ycelium  
grow th (Fig. 6). Despite this d istinct reduction of arginase actiyity, 
ѵ іотусіп  biosynthesis w as bu t slightly  affected.

X-Am idinotransferase. The enzyme transferring  the am idino group 
of arginine to an unknow n acceptor was found in Streptom yces  producing
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T ab le  3

Effect o f the natural inhibitor from sunflower seeds on arginase from  Streptomyces
strain producing yiomycin

Inhibitor concn.
Arginase
activity

([imole/g./min.)

Inhibition
(lig./ml.) (%)

None 0.086 _
10 0.042 52
50 0.020 77

T able  4

Substrate specificity o f X-amidinotransferase in Streptomyces strain producing
yiomycin

The extract from 72-hr. mycelium grown on control medium was used.

Donors
Activity

units/mg. protein/2 hr. %

Arginine 15.4 100
L-a-Amino-/S-guanidinopropionate 11.4 74
L-a-Amino-y-guanidinobutyrate 9.8 64
Creatine 7.7 50
Creatinine 0.0 0

T ab le  5

Localization o f arginase, serine dehydratase and X-amidinotransferase in mycelium 
of Streptomyces strain producing yiomycin

Spheroplasts and the “celi wali” fraction were isolated after treatment of mycelium with lysozyme. 
The activities of arginase and serine dehydratase are expressed in (xmoles/mg. protein/min. and 

that of X-amidinotransferase in units/mg. protein/2 hr.

Enzyme Expt.
no.

Activity

Whole celi 
sonicated

“Celi wali” 
fraction Spheroplasts

X-Amidinotransferase I 0.594 0.632 0.000
П 0.680 0.660 0.000

Arginase I 0.115 0.047 0.075
II 0.107 0.045 0.053

Serine dehydratase I 0.175 0.090 0.094

http://rcin.org.pl



Ѵоі 16 A R G IN IN E  IN  Y IO M YCIN B IO S Y N T H E SIS 307

Fig. 6. E ffect of the inhibitor from  
su nflow er seeds on (O ), arginase acti-  
v ity , and ( # ) ,  ѵ іо т у с іп  b iosynthesis. 
F u li line, m ycelium  grow n on control 
medium ; broken line, m ycelium  grow n  
on m edium  supplem ented w ith  the 

inhibitor (10 Mg./ml.)

ѵ іотусіп ; in the assay hydroxylam ine was used as non-physiological 
acceptor. The activ ity  was of the  same order as th a t in Streptom yces  
griseus producing streptom ycin, i.e. about 35 units/m g. protein/2 hr. in 
the 48-hr. cultures, w hereas no X -am idinotransferase activ ity  was 
detected in Streptom yces nursei, Bacillus subtilis or Bacillus licheni- 
form is  synthesizing non-guanidine antibiotics.

The enzyme occurring in the stra in  producing ѵ іотусіп  was not 
specific for arginine: the L-a-amino-/?-guanidinopropionate, L-a-amino-y- 
-guanid inobutyrate  and creatine could be donors of the am idino group 
in the investigated system  although 30-50%> less effectively (Table 4). 
This holds especially for creatine sińce the reaction w ith th is substrate  
w as about twice as Iow as w ith  arginine; L-a-amino-/?-guanidino- 
propionate was a be tte r donor in the transferase system  than  its higher 
analogue. C reatinine of a cyclic guanidine s true tu re  did not serve as an 
am idino group donor.

The tim e course of changes in X -am idinotransferase activ ity  is 
p resented  in Fig. 7. In m ycelium  grown on control m edium  this activ ity  
was increased reaching the т а х і т и т  in the 72-hr. cultures; in the la ter 
stages it was decreased bu t in the 120-hr. m ycelium  w as still h igher than 
in the 24-hr. mycelium.

U nder conditions of ѵ іотусіп  biosynthesis inhibited by inorganic 
phosphate or oxygen deficiency in the sta tionary  cultures (cf. Table 2) 
the  activ ity  of X -am idinotransferase w as significantly  reduced: in the 
72-hr. m ycelium  in the sta tionary  cu ltu re  this reduetion am ounted to 
60°/o; on addition of inorganic phosphate the activ ity  w as inhibited by 
30%  on m edium  containing 186 м-g. Pj/m l. and in the m edium  w ith 
1036 м-g. Р ;/т1. a 90% decrease in the activ ity  was noted.

A very  pronounced 70%  low ering of the X -am idinotransferase 
ac tiv ity  was found in m ycelium  grown on m edium  w ith the vetch flour
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Fig. 7. A ctiv ity  of X -am id inotransferase in m ycelium  grow n on m edia containing: 
(1), 36 jig. Pj/m l. (control); (2), 186 ng. P ./m l.; (3), 1036gg. Pj/m l.; (4), 36 ng. Р ;/т 1 .

in stationary culture

Fig. 8. E ffect of arginine and сапаѵапіпе on the activ ity  of X -am id inotransferase. 
(1), Control m edium ; (2), m edium  w ith  arginine added instead o f am m onium  
su lphate; (3), m edium  w ith  am m onium  sulphate and сапаѵапіпе (vetch flour

extract)

ex trac t containing сапаѵапіпе; the enzyme activ ity  did not show a 
characteristic т а х і т и т  in the  72-hr. m ycelium  and rem ained a t the 
same level during grow th (Fig. 8 ). I t is no tew orthy  th a t practically  no 
differences in the X -am idinotransferase activ ity  w ere found in m ycelia 
grown on the control and arginine containing media, which is in good 
agreem ent w ith  practically  the  same yield of the antibiotic obtained 
under these conditions.

Localization of the enzym es. As can be seen from  Table 5, X -am idino- 
transferase w as totally  released upon lysozyme trea tm en t of m ycelium  
indicating localization of this enzyme in the celi w ali or on the inner 
spheroplast m em brane. Arginase and serine dehydratase w ere pa rtia lly  
re ta ined  in spheroplasts.

DISCUSSION

The role of arginine in biosynthesis of guanidine antibiotics was 
investigated in connection w ith  streptom ycin biosynthesis. The isotopic 
studies w ith 14C- and 15N -labelled arginine (Horner, 1964; Тоѵагоѵа 
et. al., 1966) showed incorporation of the am idino group of arginine to 
strep tid ine, a diguanidine com ponent of streptom ycin. It has been proved 
recen tly  th a t this process consists in a tw o-step transam idination 
reaction w ith  scyllo-inozamine phosphate and N-am idin os trep  tarninę 
phosphate acting as acceptors of the am idino group derived from 
arginine (W alker & W alker, 1967a). On the basis of a large-scale
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screening of this enzymie actiy ity  in yarious micro-organisms, W alker 
& Hnilica (1964) and W alker & W alker (1967b) claim ed th a t th is type 
of transam idination reaction is lim ited to biogenesis of streptom ycins 
and  a closely rela ted  bluensomycin, antibiotics possessing free guanidino 
groups.

The resu lts of our studies proved participation of arginine in bio
synthesis of yiomycin in which guanidino group is bu ilt into the  an ti
biotic m oiety in probably a cyclic ring structu re  (Bycroft et al., 1968b; 
Takita & Maeda, 1968). High yiomycin yield and Iow concentration of 
arginine in m ycelium  grown on m edium  containing arginine as the 
m ain nitrogen source emphasized the im portance of arginine in the 
m etabolism  of Streptom yces  s tra in  producing yiomycin. O ther am ino 
acids studied including serine, a constituent of yiomycin, were distinctly  
less effectiye in  antibiotic production.

The addition of сапаѵапіпе to the grow th m edium  resulted  in an 
alm ost to ta l suppression of yiomycin biosynthesis and accum ulation of 
arginine in mycelium. The inerease in arginine concentration was 
observed also in mycelium grown under unfavourable conditions of 
yiom ycin biosynthesis on m edium  containing serine. As it was found 
previously, accum ulation of arginine accom panied the reduction of an ti
biotic synthesis by  inorganic phosphate (Paśś & Raczyńska-Bojanowska, 
1968) and a steady inerease in concentration of this am ino acid during 
grow th w as found in the non-productive m utants (Raczyńska-Bojanow
ska, Tyc, Paśś & Kotula, 1969). The correlation betw een utilization of 
arginine and in tensity  of antibiotic synthesis did no t hołd for sta tionary  
cu ltu res which indicates tha t under conditions of oxygen deficiency other 
m echanism s are responsible for the inhibition of antibiotic biosynthesis.

Participation  of arginine in yiomycin biosynthesis m ay be connected 
w ith biogenesis of both the ureido and guanidino group of the antibiotic. 
It m ay be presum ed th a t arginase is involved in generation of the 
ureido group and rapid m obilization of arginine in yiomycin biosynthesis. 
Low utilization of urea does not contradict th is suggestion sińce urea 
in high concentration m ay inhibit urease (Ѵагпег, 1960) and conseąuently  
lower u tilization of this com pound as a  nitrogen source. Arginase was 
active in the  sta tionary  phase of grow th w hen the bulk of antibiotic w as 
produced, and w as repressed by inorganic phosphate, b u t it was absent 
from  m ycelium  grown on arginine or on m edium  containing a n a tu ra l 
arginase inhibitor, i.e. conditions of intensiye yiomycin synthesis. This 
excludes d irect connection betw een arginase actiy ity  and antibiotic 
production. Sim ilarly, th e  actiy ity  of ano ther catabolizing enzyme, serine 
dehydratase, w as no t related  to yiomycin biosynthesis.

It is no tew orthy  th a t X -am idinotransferase of a sim ilar type to th a t 
p resen t in S. griseus was found in Streptom yces  producing yiomycin. The 
enzyme did no t occur in Bacillus subtilis  or Bacillus lichenijormis, which
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synthesize a non-guanidine peptide, bacitracin, and are  known for their 
intensive arginine m etabolism  (De Hauw er, Lavalle & Wiame, 1964; 
Laishley & Bernlohr, 1968). The activ ity  of X -am idinotransferase in 
the stra in  producing ѵ іотусіп  was 4-fold h igher in sta tionary  phase 
than in  logarithm ic phase of growth, and w as repressed under conditions 
of ѵ іотусіп  biosynthesis inhibited by inorganic phosphate, oxygen defi- 
ciency or сапаѵапіпе, but rem ained highly  active in m ycelium  grown on 
arginine. Isolation of non-p>roductive m utan ts which w ere depleted of this 
activ ity  (Raczyńska-Bojanowska et al., 1969) confirm s our suggestion con- 
cem ing participation of transam idination in ѵ іотусіп  biosynthesis. The 
possible action of alkaline phosphatase in th is process in the stra in  p ro 
ducing ѵ іотусіп  (Paśś & Raczyńska-Bojanowska, 1968) should be m en- 
tioned sińce W alker & W alker (1967a) include co-operation of the phos- 
photransferase and dephosphorylating enzyme in generation of guanidino 
group in streptom ycin. The evidence obtained im plies therefore a generał 
m echanism  of biosynthesis of guanidine antibiotics.

X -A m idinotransferase was com pletely set free upon lysozyme trea t- 
m ent of mycelium. This m eans localization of the enzym e in the  celi 
w ali or the outer surface of the miner m em brane surrounding the sphero- 
p last (cf. Sal ton, 1964). Since alkaline phosphatase rem ained tigh tly  
bound to  spheroplasts under these conditions (Paśś & Raczyńska-Boja
nowska, 1968) the  com partm entalization of the enzym es involved in 
transam idination m ight contribute to  regulation of the antibiotic syn- 
thesis.

O ur thanks are due to Dr. M. Tyc. for supplying the Str.s tra in  
producing ѵ іотусіп  and Prof. Dr. I. Reifer and Dr. Grażyna M uszyńska 
for preparation of the na tu ra l arginase inhibitor. The au thors wish to 
acknowledge the skillful technical assistance of Mrs. M. Girdwoyń.
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ROLA ARGININY W SYNTEZIE WIOMYCYNY 

S t r e s z c z e n i e

1. A rginina w  przeciw ieństw ie do cytruliny, ornityny, m ocznika, lizyny, le u -  
cyny, g licyn y i seryny jest w ykorzystyw ana w  rów nym  praw ie stopniu jak siar
czan am onu w  biosyntezie w iom ycyny.

2. Stw ierdzono nagrom adzanie argin iny w  grzybni w  w arunkach zaham ow anej 
biosyntezy antybiotyku; w yjątek  stanow ią hodow le stacjonarne.

3. A ktyw ność arginazy i dehydratazy serynow ej (dezam inującej) nie jest
zw iązana z procesem  syntezy antybiotyku ani ze stężeniem  m etabolizow anych
am inokw asów .

4. W grzybni S trep to m yces  sp. w ytw arzającego w iom ycynę stw ierdzono w y 
stępow anie n iesw oistej X -am idynotransferazy, enzym u przenoszącego grupę am i-  
dynow ą na n ieznany akceptor; czynność tego enzym u jest ham ow ana przez n ie 
organiczny fosforan, niedobór tlenu i kanaw aninę — czynniki ham ujące jedno
cześnie syntezę antybiotyku.

5. Om ówiono udział transam idynacji w  ogólnym  m echanizm ie syntezy ugru
pow ania guanidynow ego w  antybiotykach.

R eceived 12 March, 1969.
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