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Abstract
Electrostatic charges produce the forces that move the centromeres to thei
respective centrioles in anaphase. All the movement in mitosis of the aharal

centromeres are produced as a result of electrostatic charges and forces.

The reason the spindle and asters, during metaphase in mitosis, look like an
electrostatic field, as you can see in figure 1a and figure 1b, is becausenthat ikey
are. During interphase the centrosome acquires a very large electrdstegie. @ hen,
the centrosome splits into two. These two halves are the cells’ centrioleghBot
centrioles have the same sign and charge. There is a powerful electreptamon that
forces the centrioles apart until both the centrioles are at opposite endsdf.tfiaen
they become anchored at the opposite ends of the cell. Then, one of the centrioles
acquires an opposite sign but equal electrostatic charge as the otherechagidlhen
the centromeres, attached to the chromosomes, migrate to the metaphaSmpéatee
centromeres of the chromosomes are all on the metaphase plate the cestspiitere
separate by a short distance, and one of the split centromeres gets the ogpdsite si
eqgual electrostatic charge as the other centromere. Figure 2 idagtratposition of one
chromosome in late metaphase. For all practical purposes there are ttesafming on

centromere R. These forces agg3Fr1, and 2. The electrostatic charges and the

exact forces in this paper are not important. What is important is the differeanee=be

the charges and forces. For example, centromere R has a negative atectiostge of

1 statcoulomb and centriole R has a positive electrostatic charge sfat€ulombs.

You could use any electrostatic charges as long as the charges used can pretuce a n



force that will result in centromere R to move to the right towards centrioladrsdme
thing has to occur to centromere L. The charges acting on centriole L mdst@ra net
force that will produce a movement of centromere L to the left towards ceritridhe
main idea here is that electrostatic charges are producing the forcemteathe
centromeres to their respective centrioles in anaphase. All the movement is ofitbe
centrioles and centromeres are produced as a result of electrdstagjescand forces.

Let us look at centromere RRrRis a force that is directing centromere R to move to

centromere L. Both centromere R and centromere L have equal but opposite signed

electrostatic charges. In figure 2 thy both have an electrostatic afatggatcoulomb.

They are separated by a distance oftIbn. Using the following equation you can

calculate R3.

F=(kQ1Q2)/(r?)

This is Coulomb’s law.

k=(dyne cn?)/(statcoulomB)
stat= statcoulomb

Qr2=1stat with a negative sign

Q[ 2=1stat with a positive sign
r=10%cm

FR3=(kQr2 QL2)/(r?)

FrR3=(k 1stat 1stat)/(16cm?)

FR3=(.1)(1®) dynes



FRra3is pointed to the left in figure 2.

Another force that is affecting centromere R g Flt is a repulsion force
between the electrostatic chargggfQvith a negative sign and @ with a negative sign.
Fr1's direction of repulsion is towards centriole R.

Its force can be calculated as follows:

FR1=(KQR2QL1)/(r?)

Fr1=(k 1stat 18stat)/(102cm+104cm)2

FR1=(.9804)(18) dynes

Another force that affects centromere R ggFIt can be calculated as follows.

FR2=(kQR2 QRD/(?)
FRo=(k Lstat 18stat)/(10%cm)?

FrRo=109dynes

Now that we have the three forces that are affecting centromere R we put them

together to get a resultant force. We aggd Fo Fro together because they are going in
the same direction. Then we subtragizffrom the sum of g1 and Fro because g3 is
going in the opposite direction. This gives us the resultant fogge)(6f the three forces
that are acting on centromere R.

FRT=(FR1*FR2) -FR3

*=multiplication

FRT=(.9804*1Fdynes+18dynes)-.1*18dynes

FrT=resultant of the three forceRg, Fr2, and iR1



FrRT=1.8804*1Fdynes
As a result of R centromere R moves to the right towards centriole R. This

agrees with observed behavior of centromeres in anaphase of mitosis. Thenitnporta

thing to see here is that even though centromere R and centromere L ateseery ¢

together and their charges have opposite signs, their electrostatic cdrargesy small
compared to the electrostatic charges of centriole R and centriole L. This fiagende

in charge between the centrioles and centromeres causes the centrometeshtapsat

and move towards their respective centrioles. The same thing happens to certromere

but the analogous forces are pointed in the opposite direction than they are on centromere
R. As a result of this, centromere L moves n the opposite direction of centromere R.
Centromere L moves towards centriole L.

The following is how k3, F_1, and 2 are computed.
FL3=(kQL2 Qr2/()

F|3=(k 1stat 1stat)/(1@cm)2

F|.3=108 dynes=.1*18 dynes

FL1 is a repulsion between @ and QR1

FL1=(kQL2 QRD/()

r=.01cm+.0001cm=.0101cm

F1=(k 1stat 18stat)/(1.02*10%cm?)

F| 1=.9804*1® dynes

F| 2 is an attraction force between §and Q 1.



FlLo=(kQL2 QL1/(r?)

Fo=(k 1stat 18stat)/(102cm)2

FL>=109 dynes

Since k2 and K 1 are going in the same direction we add them together. Since
FL3 is going in the opposite direction thapgrand k 1, we subtract F3 from the sum
of F_1 and K 2. This gives us the resultant total component of forces acting on Q
(centromere L) which is designated hyyF

FLT=(FL2+FL1)-FiL3

FLT=(10° dynes+.9804*19 dynes)-.1*18 dynes

FL 7=1.8804*1® dynes



