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Induction of Abnormal Mitosis and Changes in Protein Compositions after Treat
ment o Root Merigems with Phosphoric Amide Her bicide APM in Allium

WANG Zhenr Ying© CHENGLW- Gen® CHNE Hong®  PENG Yong Kang' '
(* Department d Bidogy, Tianjin Normal University, Tianjin, 300074;  Department o Bidogy, Narjing Normal University, Narjing, Jiangsu 210097, China)

Abgract The dfect o Amiprophose-methyl (APM) on mitotic cellsof the root merigems o Allium cepa was sudied a a
range of concentrations (4 —6U nol/L) , length of trestments (4 —6 h) . The results showed that the mitoss metgphase
index (Met. 1) coud be obvioudy improved from 0. 8 (in control) to 5.0 or 5. 2 regpectively when the root meri sems were
trested with APM at a range of concentrations 5—6M nol/ L for 16 h. The result d < indicated that APM treatment (nore
than 4p nol/L) severdy dfected the cdl divison. The polypolar divided cells (esecidly 3—4 polar) , metaphase chro-
nosome condensed and micronucle , were revedled in the cdls of the root merigems. In 2D DSPAGE, 5 new protein
gots with nolecular weight of 24—90 kD, showing pl rangng from 5.0—7. 3, were detected and 2 protein goots with
nmolecular weight of 24 kD , 40 kD with pl of 4.8 ,5.5 were log in the root meri gems treated with ARM. Judg ng from the
rdaionship between accumulation log of these protein oots and treatment of APM , these proteins may be related to APM
treatment.

Key words Abrorma mitoss; Mutipolar pinde; APM; 2D PAGE; Allium cepa
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Orgarophogphorus herbicide is ill used in agricul- metephase  dter root meridems were treated with
ture of China because of its rapidy degraded and litle ~ APMI*?®! In the pas decade, APV had been widely
resdua problem to the environment. Amiprophose-Methyl used in induction mitotic metaphase synchronization in or-
(ARV) isthe phogohoric amide herbicide. Many experi- der to imlate mass metgphase chromosomes for further
ments denondrated that it could block cell divison at the anayss of biochemica oonpos'tion[z"‘] , norphologica
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gructure!® and in stu hybridization. In the early 1990s,
athough condderable progress had been made concerning
the metaphase chronpsome i olation and chronpsome nor-
phologica gdructure &dter treatment with ARM |, up to mow ,
little ifformation has been obtained regarding the changes
in protein compodtions and abrorma mitoss dter treat-
ment of root merigems with APM. In this paper , the d-
fect of ARM on chronome dructure variation, mcronu
clei formetion and protein composdtion change of root
merigems o Allium cepa, were invedigated at a range of
ooncentrations (4 —6U nol/L) , length of treatment (4 —
16 h). The main experiment results were reported and
discussed.

1 Materialsand Methods

1.1 Pant materialsand culture

The common onion Allium cepa L. (2n=16) was used
as experiment meteria , equal-d9zed bulbs were surface Seril-
ized with a olution of 0.1 % Hgd,for 5 min and washed two
times with tegp water. The bulbs were grown in beakers with
ddilled weter for 24 h, then the bulbs were again placed in
beakers with slution of amiprophosmethyl (APM) ranging
from4 —6d nol/L , treament time from 4—16 h. All treat-
ments were performed a 23 in darkness; a the end of the
trestment , root tipsdf 0.1—0.2 cmin Sze were excised from
the bulbs. After rindng three timeswith didilled water , part
o the roots were kept inice water for 24 hin order to segre-
gate chromosomes and decrease their gickiness, thenfixed in
70 % etharol for cytological analys<*! | other fresh root tips
(without the fixation) were used drect for biochemica
andyss.
1.2 Cytdogical observation

The fixative 20lution was washed away with didilled war
ter before oollecting root tips. The digedion of merigems was
carried out usng an erzyme mixture (2.5 % cdlulase RSand
2.5 % pectolyase Y—23 diluted in 75 mmol/L KO and 7.5
mmol/L EDTA; pH4.0) a 23 . After 30 min digedion a
snge root tip was placed in a drop of Caebd fuchd - gained
90l ution on a dide kept for 2—3 min a room terrperature and
sguashed. Mitatic divison, chronbsome behavior and m-
cronucleus formetion were observed by light microscopy.
Metaphase index (Met. ) was expressed as the percentage of
nucle undergoing mitods anong the total number of nucle
sored in a saple. Data are based on a scoring of &t least

2000 cdlls per treatmernt.
1.3 DS pdyacrylamide gd dectrophoresis

One-dmendon PACE was peformed according to
Laenmii (1970) ™! | usng a 12. 5 % polyacrylanid separat-
ing gd (3% gacking gel) in the disoontinuous Trisdycine
bufer sygsem (pH 8.3) . Sanple preparations were di sl ved
in sanple bufer (500mmol/L Tris—HA , pH 6. 8; 10%
DS, 100mol/L , B-mercaptoethanol , 10 % dyceral , O.
1 % brommopherol blug) . Hectrophores's was run for 7—8 h
al2ov.

Two-dmendond polyacrylamide gel eectrophores s was
performed according to the method of O Farrell e al. ™|
with the use of a nodfied procedure: the one dimensond
3 % polyacrymide gd , containing 9 nol/L urea 0.98g; 2%
ronionic detergent p40 40UL , 30 % polyacrylamde 34QL
anpholytes 3L (pH 3—0) and 60 UL (pH 5—7) ;
ddH,0 1. 09 niL , TEMED 24L, 10% APS 10ML , were
each cagt in dass tubes (120 mm x 3 mm) and were re-
gectively pre-dectrophoresed for 15 minat 200V, 30 mn a
300 V and 60 min a 400 V. The protein sarples were dis
2lved in the sanple bufer which contained ddH,0 4.0 i,
500 mmol/L TrisHA (pH 6.8) 1.0 nlL, gycerol 0.8 ni
10 % DS 1.6 ni ,B-mercaptotharol 0.4 i, 10 % (W/ v)
bronophernol blue 0.2 L. The fird dimenson was idec
trofocusng, 60U L protein sanples (4 —6 mg/ nl) were lo-
cated in each dass tube; dectrophoress was run for 14 —16
ha 400 V. After detrofocusng, the gd's were renmoved from
the tubes by shattering the gass and placing in eguilibration
bufer which contained 6 mnol/L Tris—HA (pH 6. 8) ,B-
mercaptoethanol , 10 % dycerol , 2% (w/v) DS for 20
min. The second dimendon wes a 12. 5% DS PAGE that
was performed acoording to the method of Laemmi™! .

The tube gd's were placed on top o second dimengon
ods, 1 % agarose was overl ayered and dlowed to polymerize.
Oylindrical gelswere run a a congant woltage of 80 V for 5.5
hin a Bio-Rad unit. Gds were dained with 0. 4 % AgNO;

ol ution. 17

2 Reault

2.1 Metaphas cdl arres

The data on Met. | was gven in Table 1 dter treatment
with APM (4 —6p nol/ L) for various periods. Met. | reached
amaximum (5.0 and 5. 2 regectively) dter treament with
5—6unmol/L APM for 6 h, but it was only 0.8 in the corr
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trd . However ,the Met. | was decreased to 0.8 —0. 9 when
the root meri sems were treated with 6U mol/L APM for 16 h
(Table 1) , even though many metgphase cdls were ot
soored because of the losng of typicd phase due to ginde
function digurbance. These abrmormd metgphase cels would
di scused below.

Tablel Metaphase index (Met. I) after
treatment of the root merisems with APM

Contert of ARM Treatment times(h)
{rol/L) 4 5 6 10 16
Qontrol 0.7 0.9 0.8 1.0 0.8
4 2.1 2.2 2.3 2.2 0.9
5 2.9 3.1 5.2 1.7 0.9
6 2.7 3.0 5.0 0.9 0.8

2.2 Abnormal metaphase cdls

Many abrormal metgphase cell's were induced in the root
meri gems dter trested with ARM. These abrormd metgphase
cdls coud be divided into two kinds as follows.
2.2.1 Mutipdar spinde cdls

APM induced spinde digurbance in metaphase cdl and
manifested aberrant angphase with multipolar spinde in root
merigems and this stuaion. It was observed very easly,
nore detailed data on the concentration course o the induc
tion of multipolar pinde cels liged in Table 2. It was g
parent from Table 2 that multipolar spinde celsindex showed
a dightly incread ng trend with the increase o treatment con
centration. 3polar , 4polar spinde cdls appeared when root
merigems were treatment with 4 nol/L APM. When the
concentration increased to 5 —6M nol/ L , the frequency of the
cdlswith gpinde digurbance increased very fag and 5-polar ,
6-polar siinde cells coud A be seen eadly (Table 2) .

Table 2
o root merigems with APM at 4 —6J md/L for 16 h

The formation o multipdar spindle cdls after treatment

Qoncent of ARM@Unol/L)  3polar 4polar Spolar  6polar
Qontrol
4 5 4
5 15 14 11 3
6 17 17 12 7

Typicd multipolar inde cellswere observed in treated
root merigems(Fg. 1) , and it was dearly that the chrono-
mes log regular arrangement on the spinde. The chrono-
me groupsd 4, 5 or nore chronosomes i ncl uding separated

snge chrompsome or fragments were formeted in ome cdls
(Fg.1a) , and arranged in awide ring or in a gar like shape
(FAg. 1b, c, d ). The exigence o the muitipolar spinde
celsin the control was not observed. Metaphase chrombsome
condensation was observed in the other abrormal mitoss cdls
(Fg.1le) .

Metgphase chronbsome condensation was showed in
me cdlsd treated root merigemswith 44 mol/ L APM for 6
h(Fg. 1e) . The less dficient in chronpbsome condensation
was observed a the low concentration (below 4p nol/L) , but
the abrormal mitod s frequency o chronbme condensation
increased with the increases o APM from 4—6 P nol/L.
Metgphase chromoome condensation reached a meximum of
17.5 % a the 6 nol/L ARM for 6 h. It was thought to be
related to the merigems treatment with APM.

2.2.2 Micronudei for mation

The cellswith micronuclei were found in the treated root
merigems. The result was a9 thought to be directly related
to the merigems treatment with APM. The exigence of the
cdlswith micronude has not been shown in the control , and
the frequency was about 3.2 % at 16 h dter ARM trestment
(4pnmol/L) , and gradudly increased with the up of APM
concentration.

The maeximum frequency was alout 11 % when the root
meri gems were treated with 64 mol/ L ARM for 16 h. The mi-
cronucle per cdl generdly varied from2—9, 2 —3 micronu-
clei coud be observed per cdl in nog cdls (Fg. If) , nore
than 9 micronucle were only observed in afew cdls.

2.3 Changes in protein species

To identify the changes of protein gpecies exiging in the
trested root merigems, the protein conmpostions were ana
lyzed by DS Rolyacrylamide gd dectrophoress. One dimen-
gond DS PAGE results shoned thet there were 16 protein
oecies exiging in the root tips cultured on the didilled war
ter , with a nolecuar weight of 12110 kD. Out of 16 pro-
teins, 12 protein Pecieswith the nolecuar weight of 14 kD ,
17 kD, 21 kD, 31 kD, 37 kD, 40 kD, 55 kD, 67 kD, 74
kD, 88 kD, 95 kD, 110 kD were abound. 35 kD protein
goecies was log in the treated root merigems. It can be seen
clealy in the scanning (Fig. 2c) indicated by arrows.

Two dimendond DS PAGE patterns of protei ns extract-
ed from root merigems were gven on Fg. 3. The result ind-
cated that nore than 90 protein spots were detected (Fg. 3a)
in the merigems cultured on the didilled water , but the com
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Fg.1 The dfect of ARM on chronmpbsome dructure
a. The chrompbome growps of 4, 5 or nmore chronosomes including ssparated snge chronoome; b-d. chronpome gowpsin
ringor a gar like shape; e. chronosome condensation; f. micronude formetion(Bar equals 1M ol /L)

\
\ \
43 kD
2
21kD a
\
14 kD
97 kD
66 kD
a b ©

Fg.2 DSPAGE andydsd protein conpostions of root merigeims
a. nolecular weight merker ; b. control ; c. trestment with APM
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116 kD
97 kD

kD 8

Fg.3

2D DS PACE andydsd protein conpostion of root meri gems

a. oontrol ; b. trestment with 64 nol/L APM for 16 h

positions obvioudy changed in the merigems treated with 6
Mrol/L APM for 16 h. 5 new protein sot , a least , which
had nolecular weight and pl of 26 kD/pl 5.0, 30 kD/pl
5.4, 78 kDIpl 6.9, 76 kD/pl 7.3, 90 kD/pl 6.8, re-
ectivdy , were found in the treated merigems by usng 2D
PSPAGE andyds (Fig 3b indcated by arrows) . 2 protein
goots, which located in low and midde rmolecuar weight re-
gon (24 kD/pl 4.8, 40 kD/pl 5.5) disgpeared in the
treated merigems.

3 Discussion

APM was a phogphoric amide herbicide, a9 a gecific
drug that directly interrupts microtubue dynamics in plant
cells ™. Therdore, it coud disturb the spinde function in
dvison cdls and was used widdy to induce mitotic
metaphase  synchromization'™ . Although phosphoric amide
herbicide waswiddy used in agricuture, little irformetion on
cytologcd and hiochemica toxicology had been obtained
when plants were treated with the herbicide. In this paper,
the cytotoxicity and biochemtoxicity of APM on divison cdls
were invedigated in order to sfely and suitable usng herbi-
cide in agriculture. Inour experiment , root tips were treated
with 4 nol/L APM (induction mitotic metgohase synchro-
nization concentration) and 5—6 U nol/L APM, the resuts
showed that metaphase index (Met. 1) coud be obvioudy in

creased when root tips were treated with 4—6d nol/L ARM
for 4—10 h (Tablel) . Met. | reached 5.0,5. 2 respectively
a 5—6Hnol/L APM for 6h, but only 0.8—0.9 Met. | was
observed when root tips were treated with 6 nol/ L APM for
16h. It was thought trestment time was nore important than
concentration. Although the same results were reported in
cuture cell lines® %8 ™ oot tipswas used directly as ex
periment meteriads to examne the cytotoxicity and biochent
toxicity o divison cdls o the root tips treated with 4—6
Mnol/L APM for 4—416 hin this gudy. The result indicated
that APM could induce spinde digurbance in metgphase cdls
and me-nifeded aberrant metgphases with tri- or multipolar
sindes, chronbsome groupsin ring or a gar like shapes as
well as cdlswith micronuclel when root tips were treasted with
4—6unol/L APM for 16 h. The occurrence frequency of
aberrant chronmosome cdls got up with increase of APM conr
centration. The changes of protein compostions was andyzed
by usng DS PAGE method in order to further sudy the poi-
n mechanism of ARM on plant cdl dividon a hiochenica
level by usng 2D PAGE andyss. More than 90 protein
Pecies a leat were identified and nore than 30 protein
goecies were abundant in the control root merigems, but 5
new protein gpecies (24 kD/ p1 5.0, 30kD/ p1 5.4, 78 kD/
pl 6.9,76 kD/pl 7.3, 90 kD/p|l 6.8) werefound, and 2
protein species (24 kD/pl 4.8, 40 kD/ p1 5.5) were log in
the meridems trested with 6j nol/L APM for 16 h.
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Up to mow, only the tubulin gudes have been made
oconcerning the dfect o APM on cdl divison in higher
plants'™® | little other biochemical irformetion exists concern:
ing the protein cormposition change in plants which have been
treated with ARMU”). In this paper, 5 new protein gecies
were induced and 2 protein gecieswere log when root meris
tems were treated by APM at 64 nol/ L for 16 h, athough we
have not undergood the exact function of these changed pro-
tein gecies, it may provide va uable irformetion in relation to
possble the poisen mechanismd crops.
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