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ABSTRACT

        An argentophilic structure is present in the metaphase
chromosomes  of  garlic  (Allium sativum).    Cytochemical
studies  indicate  that  the  main  component  of  the  struc-
ture is non-histone  proteins  (NHPs).  The  results of  light
and electron microscopic observations reveal that the chro-
mosme NHP scaffold is a network which is composed of fi-
bres and granules and distributed throughout the chromo-
somes. In the NHP network, there are many condensed re-
gions that are  connected by relatively  looser regions.  The
distribution of  the condensed  regions  varies in individual
chromosomes. In some of  the chromosomes the condensed
regions are longitudinally  situated  in  the central  part of
a chromatid while in others these regions appear as coil-
like transverse  bands.    At  early  metaphase,  scaffolds  of
the sister chromatids  of a  chromosome are linked to each
other in the centromeric region, meanwhile,  they are con-
nected by scafold  materials along  the whole length  of the
chromosome. At  late metaphase,  however, the connective
scaffold materials between the two sister chromatids disap-
pear gradually  and the  chromatids begin to separate from
one  another at  their ends,  but  the chromatids are linked
together  in the  centromeric  region until  anaphase.   This
connection seems  to be  related to  the special structure of
the NHP  scaffold formed  in  the centromeric region.  The
morphological  features and  dynamic changes  of the chro-
mosome scaffold are discussed.
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INTRODUCTION 

      Apart from DNA  and histones, eukaryotic metaphase chromosomes also contain
a large quantity of non-histone proteins (NHPs)[1, 2]. The NHPs have been demon-
strated in recent years with  a variety of experimental methods to constitute in the
chromosomes a scattold or core-like structure[3-16].  In the late 70’s, some authors
indicated that the residual scaffold in human chromosomes depleted of histones and
most NHPs was a loose, fibrillar network[5, 17]. Other authors found that a core-like
structure composed of NHPs existed in chromosomes when examined wiht light mi-
croscope[6, 7, 18-20], but the structure appeared as a dense, fibrillar network when
electron microscopic  observations were  made on it[15].  The  composition of NHPs
of the chromosome scaffold has been analyzed biochemically[4, 9, 21], and results of
several types of experiments have indicated that  topoisomeraseII (Topo II) is one of
the main components  of the NHPs[12, 13].  The distribution and functions of Topo
II in chromosomes have also been explored[12-14, 22, 23].
     The chromosome scaffold observed  by some authors[5, 17] consists only  of part
of the scaffold NHPs as  the major part of the NHPs is depleted during preparation
for electron microscopy[3], therefore, the overall morphology  of the NHPs in chro-
mosomes remains unclear. Furthermore, the morphology of the chromosome NHPs
scaffold has been revealed to  be very susceptible to the preparing conditions[17, 24-
26].  Previous studies  of the scaffold structure are carried  out mainly with human
and animal chromosomes.   So far  investigations  on the scaffold structrue  of plant
chromosomes have been scarce[25, 27].
     By  using a technique developed in researches on grasshopper chromosome scaf-
fold[15], we  studied  the scaffold  of garlic  mitotic  chromosomes.   The results are
presented in this paper.

MATERIALS AND METHODS

     The materials used in the present study were root  tip meristems of garilc (Allium
sativum).

Preparation of slides for light microscopy
      Root  tip meristems were  collected, when  the roots reached  1.0  to 1.5 cm  long,  from the garlic
cloves  grown in damp Petri  dishes at 25 ± 2  ℃.  They were then  treated in  a solution of  saturated
bromonaphthalene, or  in a  solution of  0.002  M 8-hydroxyquinoline and  0.05% colchicine,  for 5  to
6h at 25℃. The specimens were washed thoroughly in  distilled water and  digested in a mixture of
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cellulase and  pectinase (2.5%,  1:1)  for 4  to 5  h at  25℃.  Afterwards, the  specimens were fixed in
a mixture of methanol and acetic  acid (3:1  V/ V) for 30 min, and chromosome smears were made
conventionally. The slides were then rinsed in distilled water,  incubated in 2 × SSC solution (0.3 M
NaCl and 0.03 M sodium citrate) for 60 min at  60 ℃,  rinsed in distilled water again, air dried and
stained with silver nitrate  (AgNO3)  according to the procedure proposed  by Howell and Black[28].
The slides were observed and photograghed in light microscope.

Cytochemical treatments
       Before the incubation in 2 × SSC,  some of  the slides were treated,  respectively,  in the following
ways  (see Tab  1).   1.   They  were incubated  in  a solution  of  0.2 N  H2SO4  at  21  ℃  for  60 to  120
min  to  remove histones  from  the chromosomes.   2.   They  were  incubated  in  a  solution  of 0.1  N
NaOH  at 21  ℃  for  5 to  20 min  to remove  NHPs from  the chromosomes.  3.   They  were digested
in  a  solution  of  100 μg/ml  DNase  (Sigma)  and  1  mM  MgCl2  in  10  mM  Tris-HCl buffer (with
the  pH  adjusted to  7.1)  at  37  ℃  for  60 to  120  min.  4.   They  were digested  in  a solution  of  100
μg/ml RNase  (Sigma) in  0.1  M acetate  buffer  (pH 7.5)  at   37 ℃ for  60  to 120 min.   5.  they  were
treated  in a  solution  of 100μg/ml trypsin  (Sigma) in  0.85% NaCl at   37 ℃  for 5 to  20 min.   After
the  cytochemical  treatments mentioned above,  the  slides were  rinsed in  distilled water,  incubated
in 2 × SSC, stained with AgNO3 as described above, observed and photograghed in light microscope.

Preparation of samples for transmission electron microscopy
       Samples for electron microscopy were prepared according to  the procedure previously reported[15]
Briefly,  the  suitable  silver-stained  slide preparations  were  selected  by  light microscopy,  and  then
transferred from the slides onto  grids, observed and  photograghed with an Hitachi-600 transmission
electron microscope.

RESULTS

Morphology and cytochemical features of garlic chromosome scaffold revealed
by light microscopy

      An argentophilic network-like structure is observed with light microscope in silver-
stained mitotic chromosomes of garlic (Fig 1). The structure is distributed through-
out the chromosome and retains the basic morphology of a metaphase chromosome.
It  is  composed of  two juxtaposed  chromatid-like argentophilic components which
seem  to be  linked to  each other  by argentophilic materials.   Careful observations
reveal that the argentophilic component in some regions of a chromatid seems to be
helically coiled  (Figs lc  and d, arrows).
     In  order to demonstrate the  chemical nature of the argentophilic structure, we
treated the chromosome preparations with different enzymes and chemicals and then
stained  the preparations with silver nitrate.   Our results revealed that  the argen-
tophilic structure  appears normally after treatment of  DNase (Fig 2a)  and RNase
(Fig  2b), but  it is destroyed by trypsin so seriously that argentophilic materials re-
mained only in the periphery of  trypsin-treated, silver-stained chromosomes (Fig 2c)
indicating that the main component  of the argentophilic structure is proteins. The
perichromosomal layer is heterogeneus in composition and the proteins in this part
deffer from  that of inside  the chromosome[29, 30].   We suppose the argentophilic
materials remaind  in  the periphery  of trypsin  treated chromosome  in this  study
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may represent proteins of the perichromosomal layer which are more stable to the
trypsin digestion. Furthermore, the argentophilic structure remains after the treat-
ment of 0.2 N H2S04 (Fig 2d),  but it disappears completely after treatment of 0.1 N
NaOH (data not shown), demonstrating that the structure is composed principally
of NHPs[6].
     The effects of different treatments upon the garlic chromosome scaffold are sum-
merized in Tab 1.

Tab 1.    Effects  of different treatments upon garlic  chromosome scaffold
Treatnmnt Concent.  of  Temp.  of  Time of         Optimal time   Results
 enzymes  or  treatment treatment for  silver
 chemicals                                   (min)               staining(min)
DNase 100μg /ml 37℃ 60-120 3-5 +
RNase 100μg /ml 37℃ 60-120 10-15 +
Trypsin 100μg /ml 37℃ 5-20 10-18 -
H2SO4 0.2 N 21℃ 60-120 10-15 +
NaOH 0.1 N 21℃ 5-20 10-18 -

        +:   The scaffold  is not affected.

        -:  The scaffold is  destroyed or disappeared

     Fig 1. Light microscopic structure of silver-stained scaffolds of garlic mitotic chromosomes.
        The scaffold  appears as  a  network-like structure distributed throughout the chro-
        mosomes.  The scaffold  seems to  be helically  coiled in  some regions (arrows).  Bar
        represents 10 μm.
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    Fig 2. Silver-stained scaffolds of garlic chromosomes after (a) digestion of DNase; (b) diges-
                   tion of RNase;  (c) digestion of  trypsin; (d) treatment of 0.2 N H2SO4.  The  chromo-
                   some scaffold  is not affected  by  the treatments  of DNase,  RNase or  0.2 N H2SO4,
                   but it  is destroyed seriouly by trypsin.  Magnifications of a,  b and  c are same.  Bars
                    represent 10  μm.

Fine structure of  garlic metaphase chromosome scaffold revealed by electron
microscope
     Fig  3a1  and 3b1  show  the silver-stained scaffolds of  garlic metaphase chromo-
somes observed with light microscope. To examine further the fine structure of the
scaffolds, we transferred the chromosome preparations  from slides onto  grids and
made electron microscopic  observations on them.   The scaffold viewed in electron
microscope appear as a network-like structure which is composed of fibres and gran-
ules, distributed throughout the chromosome, and retains the basic morphology of
the chromosome (Figs 3a and 3b).   At early metaphase, scaffolds of the sister chro-
matids of a chromosome are linked together in the centromeric region and connected
with each other by scaffold materials in other regions (Fig 3a). At late metaphase,
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     Fig 3. a,  b and  c  show the silver-stained NHP  scaffold  of  garlic metaphase chromosomes
                   observed with electron microscope. The same chromosomes as shown in a and b were
                   firstly observed with light microscope(a1 and b1). In early metaphase the scaffolds of
                   the sister chromatids are connected  along the entire length  of the chromosome (a).
                   At late metaphase the connective scaffold materials between the two sister chromatid
                   scaffolds disappear gradually and the sister chromatids begin  to separate from each
                   other at  the ends  (b  and c),   but  the scaffolds  of  the sister  chromatids are linked
                   together in the centromeric region. Bars in a, b and c represent 2 μm. Bars in a1 and
                   b1 represent 10/μm.
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the connective scaffold materials between the two sister chromatids disappear gra-
dually, meanwhile, the sister chromatids begin to separate from each other at their
ends  (Figs 3b  and 3c).   The  NHP materials are  not distributed  uniformly in the
scaffold, they  are condensed in some  regions and formed  relatively more compact
structures. In  some cases, the structures are longitudinally situated  in the central
part  of a  chromatid  (Fig 3a,  arrow) while  in other  cases they  take the  shape  of
coil-like transverse bands (Figs  1c, 1d and  3c, arrows).  It seems  that the chromo-
some scaffold  is a  dynamic structure which may  take different shapes in different
chromosomes.
     In the centromeric region scaffold NHPs are highly condensed and special struc-
tures are formed.  The two arms  of the scaffold of a  chromatid are connected by a
longitudinal, highly electron- dense fibrillar component (Fig 3b, open arrow). Mean-
while, two transverse highly electron- dense fibrillar components are present in the
centromeric region to  link the  sister chromatids together  (Fig 3b,  thin arrow).   It
is suggested that  the special structures of scaffold NHPs in the centromeric region
may play an important role in maintaining the two sister chromatids of a metaphase
chromosome.

DISCUSSION

     Paulson and  Laemmli observed  in electron microscope  the residual  scaffold of
HeLa metaphase chromosomes and found  that the scaffold was a  loose network of
fibres[5]. With  a similar method, Hadlaczky et  al. studied the residual scaffolds of
animal (Chinese hamster) and plant (wheat and opium poppy) chromosomes, and
they suggested that the scaffold was not a continuous proteineous network; it is was
a structure composed of discontinuous proteineous particles which were connected
by connective DNA fibres[24, 27]. Earnshaw and Laemmli investigated the residual
scaffold of chromosomes, and  pointed out  that the scaffold was a fibrillar network
distributed throughout the chromosome, rather than a rod-like structure only along
the central  axis of  the chromosome, and  that the morphology  of  the scaffold was
related to the changes of the cellular enviorenment, especially to the concentration
of  Mg2+[9].   Paulson re-examined  by electron  microscopy the scaffold  of histone-
depleted  Hela metaphase chromosomes and  he  emphasized that  the scaffold  was
an interconnected fibrillar network in which no prominent longitudinal fibres were
present[17]. It is clear that the opinions of these researchers about the morphology
of the chromosome scaffold are divergent. The methods used by the above authors in
their study of the chromosome scaffold involved removing histones (and most NHPs)
from chromosomes, spreading the isolated, histone-depleted chromosomes and ob-
serving with electron microscope, but investigators have indicated that many factors
in the preparations of the samples (such as  cation concentration, ionic strength and
surface  tension, etc.)  have direct  influence on the morphology of the chromosome
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scaffold[4, 9, 21, 24, 31]. Therefore, the reality of the chromosome scaffold has been
questioned by some authors[27, 31].
     By  using hypotonic pretreatment, silver staining  and light  microscopy, Howell
and Hsu first reported the existence of an argentophilic core (scaffold) in the intact
chromosomes[6]. Nevertheless, the resolution of light microscope does not allow the
demonstration of the fine structure of  the core.  Recently, with a  newly developed
squash-whole mount-silver staining electron microscope  technique, we  studied the
mitotic chromosome scaffold of grasshopper and proved that the  core (scaffold) re-
vealed by light microscopy is  comprised of a compact network of fibres[15]. In this
paper, NHP scaffold  of garlic chromosomes was  studied with a  method similar to
the technique reported previously[15]. The results indicated that NHPs constitute a
compact network (i.e.  the NHP scaffold), there are many condensed regions which
are connected  by relatively  loose  regions.  The  distribution of  the condensed re-
gions varies in individual  chromosomes.  In some of the chromosomes,  the condensed
regions are longitudinally situated in  the central part of  each chromatids  (Fig 3a,
arrow), while in others  the condensed regions appear as  coil-like transverse bands
(Figs  lc,  d  and 3c, arrow).   We suggest  that the  NHP scaffold  in vivo undergoes
dynamic changes which result in the variations mentioned above.
     Homberger and Koller (1988)  pointed out that  specific nonhistone components,
independent of histone-DNA interactions, organize the structure of metaphase chro-
mosomes[32]. The results of our recent  study make clear that  during the process of
prophase the configuration of the NHPs gradually showed the morphology of chro-
mosomes.   We  suggest,  therefore,  that  the construction  of  prophase chromosomes
is related  to  the dynamic  changes in NHPs[33].   Moreover, as  mentioned above,
Earnshaw and Laemmli  based on  their experments  concluded that  the morphol-
ogy of the scaffold was related to the changes of cellular environment, especially to
the concentration of Mg2+[9].  The results of all these investigations indicated that
the chromosome NHP scaffold is  a dynamic  structure which is correlated with  the
morpholical changes of the chromosome.
     Based on the results  of previous studies and  the present paper, we suggest  the
follwing points:
     1.  The NHP scaffold is a  compact, fibrillar network distributed throughout the
chromosomes[15, 16]
    2.   The scaffold materials are unevenly distributed in the network and  so many
condensed regions, especially  the  special structures  in  the centromeric region, are
formed (results in this paper).  
    3.   The  morphology and  distribution of  the NHP scaffold vary  under different
conditions. In some instances, condensed regions are located along the central axis
of the chromosome while in others they appear  as helical coils[6, 7, 14, 15,  18 and
the results in this paper], suggesting that the scaffold is a dynamic structure.
    4.  At early metaphase, the scaffolds in two sister chromatids of a chromosome are
interconnected not  only  in  the  centromeric  region  but  also along  the entire  length
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of  the  chromosome  (Fig  3a ).    At  late  metaphase,  this  interconnection  disappears
gradually  and  the two sister  chromatids  are separated  each other from  their  ends.
This  phenomenon  suggests  that  the  dynamic  changes  of  the  NHP  scaffold have  a
direct  bearing  on the  maintenance and  separation  of the  sister chromatids.
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