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Abstract-The addltlon of [l,C”C]putrescme into Zea mays seedlings yielded radioactive sperrmdme The rate of 
mcorporatlon of [“%]putrescme was depressed by pretreatment with methylglyoxal-bls-(guanylhydrazone) (MGBG) 
Spermldme synthetase has been purified 115-fold from etlolated maize shoots The MW determined by Sephadex G-200 
filtration was ca 43 000 and the optimum pH was 7 2 The enzyme was inhibited by sulfhydryl reagents The purified 
enzyme had no spermme synthetase or polyamme oxldase actlvltles 

INTRODUCTION 

The polyammes spermldme and spermme have been 
demonstrated m higher plants [l], as well as in micro- 
organisms and animals [2] In animals and mlcro- 
organisms [3-61, polyammes are synthesized by two 
separate enzymes, namely, S-adenosylmethlonme (SAM) 
decarboxylase (EC 4 1 1 50) and ammopropyltransferase 
(EC 2 5 1 16) from SAM and putrescme, respectively In 
animals, spermrdme synthetase and spermme synthetase 
[S, 61 are separate ammopropyltransferases 

In higher plants, SAM decarboxylase activity has been 
detected m extracts of mung bean [7] and Knca rosea [8], 
and the enzyme has been partially purified from Lathyrus 
satwus [9] and maize [lo] On the other hand, spermldme 
synthetase activity was detected m the homogenate of 
VVKXJ [S] and Chinese cabbage [l l] This paper describes 
the blosynthesls of spermldme in UIVO, and the properties 
of partially purified spermrdme synthetase m maize 
seedlings 

RESULTS AND DISCUSSION 

In wvo syntheses of spertmdme m matze seedlmgs 

Seedlings grown for 5 days were allowed to absorb the 
solution of radioactive putrescme through the roots 
Spermldme was then e&mated using an ion exchange 
column and PC The amount of putrescme absorbed mto 
the seedling axes was 2 3 “/;, (1 hr)and 4 6 % (3 hr) of that rn 
the solutions, and the putrescme absorbed was converted 
to spermtdme m the ratio of 0 33 % (1 hr) and 198 % 
(3 hr), respectively (Table 1) No radloactlvlty m spermme 
was detected m the 1 8-4 0 M HCl fraction which should 
contam this polyamme (see Expenmental) The radloac- 
tlvlty of the 1 8 M hydrochloric acid fraction was mainly 
distributed m putrescme and m an umdentlfied com- 
pound that was found m small amounts An unidentified 
compound m our tracer experiment might be the product 
to which spermldme 1s converted by polyamme 
oxldase [ 123 

Therefore, spermldme may be synthesized from SAM 
and putrescme m maize seedlings as it 1s m E colt [ 131 and 
rat [14] This route IS supported by tracer experiments 

Table 1 Effect of MGBG on VI vtvo spermldme synthesis from 
[ W]putrescme in maize seedhngs 

Fraction 

Time after Total actlwty Spexmldme 
Culture medium feedmg (hr) ( x 10’ dpm) dpm (%) 

H,G 1 201 669 (0 33) 
3 406 8040 (1 98) 

MGBG 
(lo+ M) 1 153 611 (040) 

3 265 1060 (040) 

with other plants Spermldme and spermme was formed 
from [14C]putrescme m barley leaf [15] and from 
[‘4C]methlonme m leaf protoplasts of Chinese cabbage 
[ 1 l] SAM decarboxylase has been partially puri!ied from 
Lathyrus satrous [9] and maize [lo] Spermldme syn- 
thetase has been demonstrated m crude extracts from 
V~nca rosea [8] and Chinese cabbage [ll], but has not 
hitherto been purified 

In order to examme the effect of MGBG on spermldme 
synthesis, the seedlings (5 days old) were pretreated with 
10e4 M MGBG for 16 hr and then transferred to the 
solution contammg radloactlve putrescme with 10e4 M 
MGBG The absorption ratios of putrescme from the 
solution were 1 8 y0 (1 hr) and 3 0 y0 (3 hr) Spermldme 
which formed in the MGBF-treated axes was 04% of 
putrescme absorbed for 1 hr After 3 hr, the spermldme 
synthesized was only 12 % of that found m the untreated 
roots In a previous paper we showed that maize SAM 
decarboxylase 1s inhibited by MGBG [lo] The extract of 
maize seedlings grown m the culture solution contammg 
MGBG had no SAM decarboxylase actlvlty [unpublished 
data] 

Purrfcatlon of maize spermtime synthetase 

A 115-fold purlficatlon was achieved using the pro- 
cedures gven m the Experimental (Table 2) Enzyme 
activity m the crude extract fraction could not be detected 
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Table 2 Purlficatlon of maize spermldme synthetase 

Step Fraction 

Total Total 
vol actlvlty 
(ml) (units) 

Protem Sp act Recovery 
(mg/ml) (units/mg) (%) 

1 Crude extract * 700 305 2 80 0156 100 
2 Ultracentrifugatlon 117 775 - - 

3 DEAE-Sephacel 75 447 3 35 178 147 

*The enzyme actlvlty m this fraction was e&mated after passmg through a CM-Sephadex 

due to the presence of polyamme oxldase When the crude 
extract was passed through a CM-Sephadex column, the 
enzyme activity was detectable, but spermldme synthetase 
could be completely separated from polyamme oxldase by 
a DEAE-Sephacel column (Fig 1) 

i . P 

Fraction tube number 

Rg 1 DEAE-Sephacel column chromatography of maize sper- 
mldme synthetase and polyamme oxldase 

Substrate speclfictty 

No detectable activity for the spermme synthetase was 
found m the crude extract passed through the CM- 
Sephadex column or the DEAE-Sephacel fraction, using 
[ “C]sperm~dme m the assay system (see Expenmental) 
When SAM was used as ammopropyl donor, spermldme 
synthetase actlvlty was less than 20% of that usmg 
decarboxylated SAM Ammopropyltransferase from E 
colt could use putrescme, spermldme and cadaverme as 
ammopropyl acceptor [4] It seems hkely that spermldme 
synthetase m maize seedlings IS similar to that of the 
animal enzyme which 1s specific for putrescme Although 
spermme synthetase could not be detected m the maize 
extracts, this may be caused by the presence of minor 
contammatlon by polyamme oxldase [ 161 

Other properties 

The enzyme had a pH optimum of 7 2, using 
Tns-malate buffer (pH 6 O-8 5) The enzyme was stable 
near pH 7 5-8 0 (Tns-malate buffer), and this value was 
near that of rat (cn 8) [17] rather than that of E colz [4] 
However, the enzyme completely lost the activity m 16 hr 
at 2” m the same pH range 

The apparent MW of spermrdme synthetase from 
maize seedlings, estimated by Sephadex G-200 gel filt- 
ration, was 43 000 This value 1s closer to that of rat hver 
(ca 50 000) [S) rather than that of E colz (73 000) [4] The 
enzyme was inhibited by p-hydroxymercunphenyl- 
sulfonate and N-ethylmahmlde (Table 3) m a manner 
similar to that of the enzyme from E colz [4] 

Table 3 Effects of tluol reagents on maue spermldme 
synthetase 

Compounds 
Concn Relative 
(mM) actlvlty 

Controf 

p-Hydroxymercunphenyl- 
sulfonate 

N-Ethylmalelmlde 

100 

01 10 
10 0 

01 70 
10 35 

EXPERIMENTAL 

Pht matend Seeds of maize (Zea mays L cv Goldencross 
Bantam) were germinated m moist vermlcullte at 25” for 2 days m 
the dark The seedhngs were then transferred to glass trays 
contammg Hz0 They were grown at 25” for 3 days m the dark 
and used for tracer expts whde the etlolated seedhngs were 
grown m moist vermlcuhte at 25” for 7 days m the dark The 
shoots were used for purlficatlon of spernndme synthetase 

Tracer expenments 5-Day-old seedhngs were transferred to a 
glass tray contammg 43 nM radioactive putrescme ([ 1,4-‘4C], 
sp act 102 mCl/mmol) After 1 or 3 hr, the axes (8 g fr wt) free 
from endosperm were washed with 0 01 M HCl and ground m a 
mortar with 5 % TCA (80ml) The homogenate was filtered 
through four layers of cheesecloth and the filtrate was centri- 
fuged at 10 000 g for 15 mm The supematant was apphed to a 
column (0 7 x 4 cm) of Dowex 50 W-H+ (mesh lOG200) and the 
column was washed with delonlzed HZ0 (50 ml) The fractions 
eluted with 18 M HCI (8 ml) and then with 4 M HCI (8 ml) from 
the column were evaporated to dryness at 50” The residues were 
dissolved m 001 M HCl and separated by PC 

PC Polyammes were separated by ascendmg PC, with methyl 
cellosolve-PrOH-H,O (14 3 3) [ 183 R, s spermme, 0 15, sper- 
mldme, 0 30, and putrescme, 0 50 

Purrjcat~~~ of enzyme All operations were performed at 4” 
The shoots (300g) which were stenhzed for 5 mm m 0 1% 
benzalkomum chlonde soln were blended with 0 05 M Tns-HCI 
buffer (pH 8) contammg 1 mM EDTA and 10 mM 2-mercapto- 
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ethanol (2ME) (600 ml) The homogenate was filtered through 
four layers of cheesecloth and the filtrate was centrifuged at 
10 000 g for 15 mm The supematant was pptated with sohd 
(NH,),S04 to 80% satn and the ppt was collected by centnfug- 
atlon at 10 000 g for 15 mm The pellet was dissolved m the 
grmdmg buffer (100 ml) and the resultmg soln was dlalysed 
overnight against 10 mM Tns-HCl buffer (pH 8) contammg 
0 1 mM EDTA and 10 mM 2ME The dlalysate was ultra- 
centrifuged for 1 hr at 100 000 g, and the supernatant was apphed 
to a column (1 1 x 25 cm) of DEAE-Sephacel previously eqmhb- 
rated with 10 mM Tns-HCl buffer (pH 8) contammg 0 1 mM 
EDTA and 10 mM 2ME The column was washed with the same 
buffer, and then the enzyme was eluted with 150 ml of a linear 
gradlent of from 0 to 1 M NaCl made up m the eqmhbratlon 
buffer (flow rate, 9 ml/hr) Active fractions were pooled (Fig 1) 
and used as ‘spermldme synthetase’ 

Deternunatmn of enzyme actlu~ty The labelled spermldme was 
estimated The total vol of the reactlon mixture was 1 ml The 
assay system was as follows 0 4 ml 0 5 M Tns-malate buffer 
(pH 7 2), 0 1 ml 1 pCl/ml [1,4-‘4C]putresc~ne (sp act 
102 mCl/mmol), 0 1 ml 16 PM decarboxylated SAM, 0 1 ml 
1 mM dlthlothreltol (DTT) and 0 1 ml enzyme soln The mixture 
was Incubated at 30” for 15 mm, with shakmg, and tbe reactlon 
was stopped by the addition of 0 1 ml 50% TCA The labelled 
spermldme formed m the mixture was separated by a moddi- 
catlon of the method m ref [ 141 as follows After centnfugatlon, 
the supernatant was applied to a small column (0 7 x 4 cm) of 
Dowex 50 W-H+ (100-200 mesh) The column was washed with 
10 ml H,O followed by 25 ml 1 8 M HCI to remove putrescrne 
and then It was washed with 4 ml 2 8 M HCI for the separation of 
spermldme This fraction was collected and mixed with 1 ml 20 y0 
NaOH The mixture was added to 1Oml scmtlllatlon fluid 
(Scmtlsol EX-H from Wako Pure Chemicals) and counted The 
recovery of authentic spermldme from the column was ca 92 “/, 
Enzyme actlvlty m the crude extract was estimated by the 
followmg procedures The filtrate of the homogenate was 
ultracentrlfuged for 1 hr at 100 OOOg The supernatant was 
apphed to a column (1 1 x 5 cm) of CM-Sephadex previously 
eqmhbrated with 50mM Tns-malate buffer (pH 6 8) contaming 
0 1 mM EDTA and 10 mM 2ME The eluate with the same buffer 
was used as the enzyme source of the crude extract fraction 1 umt 
of enzyme activity IS defined as the amount of enzyme catalysmg 
the formation of 1 dpm of [‘4C]spermldme per set under the 
above assay condltlons Determination of polyamme oxldase was 
given m ref [19] usmg a method slmllar to that described m ref 

WI 
Decarboxylated SAM Prepared from SAM with theald of the 

enzyme from Saccharomyces cereus,ae SAM decarboxylase was 
purdied by a modification of the method m ref [21] as follows 
The yeast cells (ca 200 g) suspended m 25 mM Tns-HCI buffer 
(pH 7 5) (100 ml) contammg 0 1 mM EDTA and 1 mM DTT 
were disrupted with glass beads (0 3 mm) m a vlbratton homo- 
genizer (Buhler) Suspensions of broken cells were centrifuged at 
10 000 g for 15 mm The supernatant was added slowly to 10 y0 
(v/v) streptomycm sulfate (40 ml) It was left for 30 mm and 
centrifuged at 10 000 g for 15 mm The supernatant was further 
fractionated with solid (NH&SO,, and the fraction obtained 
between 40 and 607” satn was collected by centrlfugatlon for 
15 mm at 10 000 g The ppt dissolved m the homogemzmg buffer 
(50 ml) was dlalysed for 16 hr against the same buffer The 
dlalysate was applied to a MGBG-Sepharose 4B column (1 1 
x 25 cm) previously eqmhbrated with homogemzmg buffer The 

column was washed with the same buffer (200 ml) followed by 
100 ml 0 5 M NaCl m the buffer, and then active fractions were 
eluted with the buffer contammg0 3 M NaCl and 1 mM MGBG 
They were coned m a collodlon-bag and then dlalysed against 

25 mM Tns-HCI buffer (pH 7 5) contammg 0 1 mM EDTA, 
1 mM DTT and 0 1 mM putrescme The dlalysed enzyme was 
used for decarboxylatlon of SAM The reactlon mixture con- 
tamed, m a total vol of 2 ml, 200 pmol NaPl buffer, pH 7 2, 
2 pmol DTT, 2 pmol putrescme, 20 pmol SAM and the enzyme 
soln After mcubatlon for 3 hr at 37”, the mixture was de- 
protemized by the addltlon of 0 2 ml 50% TCA followed by 
centnfugatlon The supernatant was apphed to a column (07 
x 4 cm) of Dowex 50 W-H+ (10&200 mesh) and the decarboxy- 

lated SAM was eluted with 4 M HCI (8 ml) after washmg with 
1 8 M HCl(20 ml) to removeputrescme Decarboxylated SAM m 
the 4 M HCl fraction was further purified as follows according to 
ref [22] The remammg SAM and decarboxylated SAM were 
separated by paper electrophoresls (380 V, 75 mm, m 0 1 M 
NaOAc, pH 3) After electrophoresrs the paper strtp was gently 
dried and the fractions vlsuahzed with a UV lamp The de- 
carboxylated SAM fraction (mlgratmg faster than SAM) was cut 
out and eluted with 20 ml 1 M HCl for 15 mm The eluate, after 
filtration, was then evaporated to dryness under red pres at 50 
and the residue dissolved ma small vol of 0 01 M HCI and stored 
at -20” The concn of decarboxylated SAM was estimated by 
A 260 

The MW of the enzyme was determined with a molecular sieve 
according to ref [23] The column was eqmhbrated by the 
ascending method with 1OmM Tns-HCI buffer (pH8) contammg 
0 1 mM EDTA and 0 1 M NaCl Cytochrome c (MW 
= 13 000), trypsm mhlbltor from egg white (MW = 28000), BSA 
(MW = 68000) and y-globuhn (MW = 140000) were used to 
calibrate the Sephadex G-200 column Protem content was 
determmed accordmg to ref [24] 
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