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SUHHARY: We have verified the report that Paeudowzw (Kfr) centains no 
spermidine, but have feundthatthie strain contains anotherpeQaain8, 
2-hydroxPputresoine, previeuslp unidentified in baateria. As ku&eherichiq 
coli the concentration of magnesium in the S-UC fraction is the M  ae tha 
extracellular c@wontration. Unlike Escher1 hia li both r iboamebound 
putroscineand ribosaprcr-krand ~tre*c$e &inveiwo&with utraeellu- 
lar aoncentratLn of magnesium, but the behavior of bound l!l#my@lwscino in 
Ps~~s(Kir)rerrblesthatofboumd spemidine in%aherichia co& 

We have reported that Esaherichia coli can grow at optimal rates under 

conditions uhere the intracellular concentration of ma~e8ium is as low as 

4 x lO"M and where ribosome-bound magnesium is about 1/5 that requimd for 

protein synthesis in vitro. ~~eoae-boPndPPagn~si\lmvarieddi~ct4with 

extra- and intracellular concentration of magnesium while ribosome-bound 

spermidine varied inversely. Riboeome-bound putrescine wa8 not affected by 

the intracellular concentration of magnesium (5). As a result of these find- 

ings and of several reports indicating that apermidine may replace Hg2+at 

least partially in various aspects of protein synthesis (1, 3, 7, 8, 11, 12) 

we have postulated that spermldine may act as a polyfbnctional l igamd & viva 

for properly aligning the components of the protein synthesi&ng complex (5). 

The report that a strain 0; Pseudoxexaa lacked spennidine and contained 

only putrescine (6) use of obvious interest as a test of the above hypothesis. 

We have verified the finding that this strain contains no speddino, but have 

found that it contains another polyamine, previously unidentified in bacterial 

strains. 

+ Supported in part by DID Research grant AI0 7737. 
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Since we have now identified this unknown polyamine as 2&ydroxyputres- 

tine, it will be referred to as such in the following. Its identification will 

be described in another report (10). In this report we will describe the isola- 

tion of this polysmine and the effect of extracellular magnesium upon its binding 

to ribosomes in vivo. 

METHODS: Minimal medium (2) was prepared in half concentration, to allow for 

centrifugation of the cells through silicone as described by Iiurwits e& aJ. 

(4). Magnesium was added as the chloride as indicated. The pellet of cells 

collected under silicones was disrupted by a French pressure cell. Magnesium 

in solution in the 104,OCO x g supernatant fluid (S-100 fraction), magnesium 

bound to ribosomes, and polysmines bound to ribosomes were determined as de- 

scribed previously (5). 

RESULTS: Cells were grown in minimal media containing three different concen- 

trations of magnesium: 4 x lo-'M, 4 x 10B4M and 4 x 10s3M. The growth rate 

was the ssme at each concentration of magnesium. The effect of extracellular 

magnesium on the concentration of magnesium in the S-100 fractions is shown in 

Table 1. As with E. coliML35 (5), the concentration of magnesium in each S-100 

fraction was the same as in the growth medium. It is possible, although not 
2+ 

likely, that some accumulation of Mg against a concentration gradient lpay 
2+ 

have occurred at 4 x 10m5M Mg 
2+ 

since this initial concentration of Mg in the 

growth medium was reduced to 3.4 x 10W5M at the time of collection of the cells. 

The effect of extracellular magnesium on ribosome-bound magnesium is shown 

in Table 2. As extracellular magnesium increased from 4 x 10m5M to 4 x 10s3M 

the ratio of waoles Mg2' to umoles RNA-ribose increased from .075 to 0.24, 

indicating that the increases in intracellular magnesium with increased extra- 

cellular magnesium results in increased binding of magnesium to ribosomes. 

The values are in good agreement with those obtained with E. coli ML35 over the 

same range of extracellular magnesium, 

Bound polyaminer were determined as described previously (S), using paper 

electrophoresia at 600 volts. The chromatogm in Fig. I confirms the pres- 
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Putrescine X 

Polyamines in 
Pseudomonas (Kim) ’ 

* 

Spermidine x 

Fig. 1. Separation of the unknoun ribosome-bound polyamine from spenai- 
dine and putrercine by paper electrophoresis. 

For details of the extraction and electrenhoresis of ribosome-bound' 
polyamines see Wlfetheds~ and the legend under Fig. 2. 

The m igration velecities at 600 volts are &.6 cm per hr. for spermidine, 
6.0 cm per hr. for hydroxyputreecine, and 7.5 cm per hr. for putrescine. 

TABIE I 

Concentration of Eaannesium 

In Growth Medium In Fraction S-100 

n w 
4 x 10 -5 4.2 f 0.5 x 10 -5 

4 10 
-4 4 

x 4.8 f 0.8 x 10 

4 
-3 -3 

x 10 5.1 2 0.4 x 10 

Pseudomonas (Kim) was grown out to 3 x108 
cells per m l in one-half strength m inimal 
medium containing the indicated concentration 
of magnesium. Fraction S-l.00 was isolated as 
described previously (5). 

ence of putrescine and the absence of spermidine, but reveals the presence of 

another polyamine having a m igration velocity between those of putrescine and 

spermidine. Paper and column &romatography as used by Eim (6) fails to separ- 

ate this compound from putrescine. 

In E. ~0% p35, spermidine bound to ribosomes has been shoun to be in- 

versely proportional to ribosome-bound magnesium while ribosome-bound putres- 

tine was unaffected by Mg" (5). With Pseudomonas (Kim), the amount of both 
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TABLB II 
2+ Emeat of Extracellular MR on Ribosome-bound Nn 

2+ 
and Putrescine 

Concentration of umoles per umole BNA-ribos& 
M&~inmedium 2+ 

I!&- 
Pseudounzw 

(Kim) 

4 x 10% 
lo- 2 

.075 f .Oll 
1, x .130 f .OlO 
4 x lo- ,240 k .030 

E. coli ML3F 
-5 

,"%4 
.090 f .olo 
.l38 f .015 

4 x 10% ,240 t .025 

Pseudomonas 
fluorescens 

4XlO% .l47 

0 .038 !: .002 
0 ..022 f .003 
0 .013 f ,001 

.071f ,066 .027 f ,004 

.059 f .008 ,014 f .002 
a63 f .009 ,007 f .002 

SW .018 

~Ydroxy- 
Putrescine 

* Calculated as umles ribose in the RNA fraction of the ribosomes 

* Values obtained from Bunuitz and Rosano (5). 

ribosome-bound putrescine and hydroqputrescine waried inversely with ribosome- 

bound magnesium (See Table 2 and Fig. 2). Uithin the range of extracellular 

magnesium from4 x I.0 -5 H to 4 x 10M3X, the ribosome-bound putrescine decreased 

approximately six-fold over a hundred-feld increase in concentration of extra- 

cellular magnesium while the ribosome-bound hydroxyputrescine decreased three- 

fold. Over this same range of extracellular magnesium, ribosome-bound magnesium 

increased approximately three-fold. The ratio of bound putresoine to bound 

hydroxyputrescine varied froa 3.6 at 4 x 10w514 IQ 2+to 1.6 at 4 x 10-3&f I$'. 

As seen from Fig. 2, the munt of ribosome-bound putrescine in Pseudomonas 

(Kim) appears to vary reciprocally with r&bosom+bounomagnesium, the sum of 

bound putrescine plus bound big* per -10 BBA-ribose over the entire range 

of extracellular magnesium being $98 f .O27. In E, coli ML35, ribosome-bound 

putrescine remained constant at .064 f .OC19.amzde per umole RNA-ribose over the 
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0-O Mg++ 
o-o Putrescine 
x- - -x Hydroxyputrescine 

0 

.20- 

.15- 

.I - 

.05- 

1 
4 xlo-5 

1 
4 xIo-4 

I 
4x1o-3 

MOLARITY of Mg++ 
in the MEDIUM 

Fig. 2. Effect of concentration 04 magnesium in the growth medium on 
the ribosoue bound magnesium and polyamines in Pseudomonas (Kim). Ribosomes 
were obtained from log-phase cell8 grown at indicated concentrations of mag- 
nesium. The procedure8 for collecting and disrupting the cells, as well as 
the procedures for extracting the riboaome-bound polyamines and magnesium, 
were described previously (5). Separation of pclyamine8 by paper electrophor- 
esis nas performed at 6OU volts for 60 minutes. The conducting solvent was 
03 citrate buffer at pH 6.5. 

888ie range of external nagnesiua, while in Peeudmonas~ (h) the ribosome- 

bound putrescine decreased from .L!+5 lll~ole to .02& Unlike putrescine, the 

values for ribosome-bound hydroxyputrescine in Pseudomonas (Kim) are in rea- 

sonably good agreement with values for spexmidine in E. col3 (See Table 2). 

Perhaps even more striking is the finding that at 4 x 10W4M extracellular 

magnesium, the umolee hydroxyputrescine per umole RKA-ribose in Pseudomona 

(Kim) are about equal to the umoles epermidine per umDle RNA-ribose in 

Pseudomonas fluorescena which contains no hydroxyputrescine. 

DISCUSSION: We are presently investigating the possibility that hydroxyputres- 

tine may play the same role in protein 8yIItheSiS by Pseudoaonas (Kim) as 
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postulated for spermidine in E. coli (5). The possibility is especially in- 

triguing since, unlike putrescine, hydroxyputrescine has the same number of 

hydrogen-binding sites as does spsrmidine; and like spermidine in E. coli, 

hydroxyputrescine varies inversely with extracellular magnesium. We are pre- 

sently preparing 3 H-hydroxyputrescine to study its binding characteristics. 

Unlike E. coli, r ibosome-bound putrescine in Pseudomonas (Kim) also 

varies inversely with concentration of magnesium. The physiological function 

of putrescine in protein synthesis is unknown. In E. coli, sperm&dine, but 

not putrescine, can partially substitute for magnesium in stimulating aggre- 

gation of ribosomal subunits (1). Keller and Kim f9) have found that in this 

spermidineless pseudomonad, putrescine at 10 m M  stimulates aggregation of 

ribosomal subunits, although the pattern of aggregates obtained is not the same 
2+ as when ribosomes are dialyzed vs. 10 m M  Hg , Aggregates formed in the pres- 

ence of 1 m M  Mg2+ plus 10 m M  putreacine were less effective in cell-free pro- 
2+ tein synthesis than those formed in the presence of 10 m M  Mg , although addi- 

2+ tion of 1OmM putrescine to 1 m M  Kg markedly stimulated the ability of the 

cell-free preparation to synthesize polyphenylalanine. It is also interesting 

to note that addition of 10 a31 putrescine to 1 m M  Mg *+ (but not to 10 mH Mg2') 

appeared to reduce m isreading since poly U-mediated leucine incorporation 

into protein was decreased several-fold. 

The reciprocal nature of the curves for r ibosome-bound putrescine and 
2+ magnesium suggests that in Pseudomonas (Kim) putrescine, like Mg , may aid in 

neutral&&g anionic charges in ribosomal subunits which m ight otherwise repel 

each other. Such a reciprocal relationship does not appear to operate in 

E. coli, where r ibosome-bound putrescine is not affected by concentration of 

Sperm&dine and hydroqputrescine appear to behave dfiferently from putres- 

CiIM3. In E. coli, bound spermidine, but not bound putrescine varied with 

concentration of magnesium (5). In Pseudomnas (Kim) bound hydroxyputreecine 

varied with concentration of magnesium in a manner quite different from bound 
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putrescine, but similar to the behavior of bound spermidine in E. coli and in 

I& fluoresceng. 

These findings suggest that spermidine and hydroxyputrescine may play a 

more specific role than magnesium or putrescine in protein synthesis in vivo -- 

possibly by acting as polyfunctional ligands in aligning the components of the 

protein synthesizing complex. 
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