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ON THE RESEARCH OF
CELL REFORMATION

Early in the spring of 1932, I found an intersex strain of Chirocephalus nankinensis,
which belongs to Phyllopoda of Crustacea, among the specimens collected in a paddy field
of Songmuchang on the outskirts of Hangzhou. Intersex, which denotes the individual
having characteristics of both sexes at the same time during a certain period of developing
stage, in Chirocephalus has not been recorded before. The intersex of Chirocephalus could
be divided into five types according to the extents of sexual inclination to male or female.
The whole process of sex reversal of gonad was studied. During its reversal, the transfor-
mations of germ cells including cell deformation and cell reformation were observed and
drawn down. In 1934, I reported the observation and my viewpoint of such phenomenon
at a seminar in the Biology Department of Zhejiang University, where I held a post of
professor. But, the report was not published until 1942"and 1943?. The reason of the de-
layed publication of the report was multiple. Firstly, under the turbulent circumstances of
the Anti-Japanese war, Zhejiang University was wandering from Hangzhou into inland
and was.moving from place to place many times. Secondly, there was no suitable journal
to which the scientific report could be submitted for publication. Until 1942, the report
was not formally published on a newly established periodical Science Record. These rea-
sons were all the objective facts, and the subjective reason is that I also felt some hesitation
in publishing the report to the public because my observation and viewpoint would be a
challenge to the traditional theory of cell proliferation. In my two papers”?, 1 analyzed
the deformation and reformation of germ cells during the sex reversal process about all
five types of intersexes, descussed what its mechanism might be. I called this phenomenon
the reformation instead of new formation because the reformation only means resurgence
and the yolk granules possess all raw materials of the cellular constituents. When the cells
deformed, the yolk granules were yielded, which in turn provided the reformation of cells
with the raw materials. It suggests that when the material basis for cell restitution and a
suitable environment exist, the cell may be self-reconstructed not through the way of cell di-
vision. But in the circle of biology, it is a traditional view that a cell comes from its par-

1) Pai.S., Science Record,1(1942), 187.
2) Pai.S.. ibid., 2(1943), 573.
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ent cell and the cell division is the only way of cell reproduction and proliferation. There
fore, the idea that the cell can be reproduced and proliferated by the way of cell reforma-
tion besides cell division would be considered as a profane conduct against the biological
science. Some unfair words such as ridicule, ignorance or arrogance, etc. might be also im-
posed upon the idea. These doubts and misgivings should be beneath notice for the reports
were published after all and did not incur censure. Perhaps somebody thinks that the cell
reformation is not easy or frequent to observe if it exists. However, the traditional point of
view is always accepted as an infallible law, the influence of which is wide and lasting. So,
my research appeared to be an isolated example and was not enough to elucidate a general
rule of cell proliferation. Since there was no response, my lonely feeling was hard to avoid
and at that time I was busy at other work, so I could only put this research aside.

Time was slipping away fast and more than twenty years had elapsed when the study
on cell reformation was started again in 1970. Since then, the research has entered a new
period and had a new appearance as compared to that in the 1930s. In the past, the work
was done mainly by one person, but now, we have established a research group in the Insti-
tute of Biophysics under the Chinese Academy of Sciences; in the past the experimental ma-
terial was only one kind, i.e. Chirocephalus nankinensis, but now we use chicken embryo,
mouse bone marrow, Chlamydia trachomatis and soy bean nodule bacteria besides
Chirocephalus nankinensis as the studying materials. Light microscopic observation was the
sole way used to study cell reformation in the 1930s, but now we have used many kinds of
new techniques and methods such as electron microscopy, time-lapse microcinematography,
phase contrast microscopy, radioautography, fluorescence polarization, energy transfer
with double fluorescence labels, fluorescence recovery after photobleaching, Raman spectra
and many other biochemical methods. On the basis of the past research work, we have ac-
quired new discoveries and understanding about cell reformation. For example, we have
found DNA, histones and chromatin in the yolk granules of chicken eggs. A new discov-
ery that the yolk granules of chicken eggs possess chromatin has never been reported
before in the biological science. Futhermore, the chromatin of yolk granules and that of
nucleus have the same structure and behavior. The shapes of DNA molecules from both or-
igins are similar too. The chromatin is believed, according to the traditional biology, to ex-
ist only specifically in nucleus, so the fact that the yolk granules possess chromatin cannot
but attract the attention of the biological circle.

In conclusion, we have obtained fairly systematic knowledge on cell reformation
through our experimental research. It can be summarized as follows:

1. Cell reformation is a process of self-organization and sclf-assembly. It is able to
take place in organism in situ or in cell-free preparations in vitro only if there exist a materi-
al basis for cell restitution and suitable conditions.



2. Cell reformation exists extensively in the nature. It can be found not only in
eukaryotic cells, but also in prokaryotic cells; not only in germ cells, but also in somatic
cells of developing and adult animals.

3. The superfiial yolk granules beneath the chicken blastoderm contain DNA,
histones and chromatin, and can reform cell under suitable environments. It should be
pointed out that the chromatin is not a specific substance belonging to nucleus only and
the yolk granules are not merely a non-living inclusion of cell.

4. Cell and nucleus can be reformed from cytoplasm. It suggests that there is no strict
barrier between nucleus and cytoplasm.

5. Cell reformation is probably the reflection of cell origin on the earth in the present
living world. It is an epitome of the long progress of a cell from the simplest living form.
The research on cell reformation would help to elucidate the evolution of life.

6. Cell division is a “closed” type of cell reproduction, when cells divide, they are iso-
lated from their surrounding environment by a cellular membrane; while cell reformation
is an “open” type of cell reproduction, during the whole process of cell reformation the con-
stituents of cell and the surrounding environment are merged into one. So, if the study of
cell division is combined together with that of cell reformation and the simulation of
self-assembly is combined together with the induction of self-assembly, then they would
provide a new approach of changing the cell structures and properties, selecting good quali-
ties and eliminating harmful factors, controlling directive breeding, i.e. promoting and de-
veloping the cell technology and cell engineering.

Twenty-four reports in detailed description of a part of the research results mentioned
above are selected into this compilation. Other five papers have already been published in
Scientia Sinica (Series B) in 1983". Also, more than twenty reports are in preparation,
which would be selected into the second compilation.

Some of our researches have been published, some are being prepared for publication
and some are in progress. Of course, there is still a lot of work to do in the future. Some
researches in the future are expected to gain evidence more extensively, some are expected
to explore the essence more deeply and some will be the new topics. We say that the cell ref-
ormation is a phenomenon extensively existing in nature. It includes two meanings herein.
(i) The phenomenon exists in various species. Although we have used Chirocephalus, chick-
en eggs, mouse, Chlamydia and soy bean nodulus bacteria as the experimental materials in
our lab which represent invertebrate, vertebrate and microbes, there are only five kinds of

1) Bei Shizhang et al., Scientia Sinica (Series B), 26(1983), 454; Bei Shizhang et al., ibid.. 26(1983), 592; Bei
Shizhang et al.. ibid., 26(1983), 708; Bei Shizhang et al., ibid.. 26(1983), 818;Bei Shizhang et al.. ibid., 26(1983). 822.



organisms. It needs further exploration in a wider extent. ( i) This paenomenon
extensively exists in various parts of organisms and happens in various living processes.
We have studied the cell reformation of germ cells and somatic cells but it is worthy to
note whether the processes of cell proliferation in the way of cell reformation do happen in
stem cells of various tissues and during the wound healing, regeneration, metamorphosis,
etc.

Actually, the cell self-assembly includes the cell self-synthesis. It is a biological process
of synthesis (biosynthesis) and should be able to be simulated under artificial conditions.
In the cell self-assembly or self-synthesis, the nucleus is the most important for a cell, and
the chromatin and nuclear membrane are the most important for a nucleus. As for the
chromatin, we have analyzed and simulated the process of self-assembly of chromatin from
DNA and histones, and the phase changes of chromatin to chromosome and their
reversibility. However, these studies are far from the systematic simulation of chromatin
self-assembly under artificial conditions, that of chromatin change during cell cycles and
that of chromatin self-synthesis in vitro. As for nuclear membrane, considering that during
cell division its disappearance (as in metaphase) and its reformation (as in telophase) de-
pend on the change of microenvironment, we are going to simulate the disappearance and
reformation of the nuclear membrane by artificially established microenvironment.

In addition, there is also a problem about the induction of cell reformation (self-
assembly). The induction factors may be various. Perhaps they are within the body, i.e.
self-induction, or they are the environmental factors, i.e. artificial induction. Currently, we
are conducting some researches using some physical factors to induce cell self-assembly.
Considering the effect of environment on cells, we have paid attention to the physical fac-
tors, especially to the electric field, magnetic field and gravitational field. Take the
gravitational field as an example, the effect of weightlessness or microgravity on the cell
growth, proliferation and differentiation is great. Gravity effects on the cell sticky to the
wall, on the cellular interaction and adhesion between cells, and the adhesion of cells to
any back ground are closely related to the reformations of nucleus and cell. These prob-
lems have important significance in both theory and practice.

There is still a pile of problems facing us, such as, what is the relationship between cell
reformation and cell division? In what conditions does a cell proliferate in the way of cell
division and in the way of cell reformation? It is observed that the reformed cells in
Chirocephalus and chicken embryo conduct cell division, but we wonder if all the reformed
cells are able to conduct cell division. Which way of cell proliferation, cell reformation or
cell division is more primitive in the evolutional scale? And which one is more ad-
vanced? What is the relationship between the origin of cancer cells and cell reformation?
All these problems need to be answered.

vii



Therefore, there is a lot of work to do. The amount of work is huge and it covers a ex-
tensive scope. The work done is necessary to summarize in time but I regret that this first
compilation has been postponed for four years. We hope we would do our best in the fu-
ture in researching, writing thesis, making manuscripts and reporting the results in time.

The work has been supported by a grant from the Chinese Academy of Sciences. On
behalf of the authors of this compilation I wish to express our appreciation to the leaders
and colleagues of the Institute of Biophysics, the Chinese Academy of Sciences, especially
the colleagues in the Group of Electron Microscopy of this Institute for their kindest sup-
port, and we sincerely thank Ying Youmei and Zheng Zhuying who helped us review the
drafts.

Bei Shizhang

April 1988, Beijing
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Cell Reformation Series |

BREEHZERRAREZRE
BERMAAB AR

FoNW BEF HWAE KEK
BZHE #4K RaM N

(B EFBEE D R FRR, JER0)

i ®

AXMAEEMEET AR ERTER AR M G ARFETHE. KBU
IHBEABERBEARREANEEFETETREREURARES LS
BLEFERAMH EERRCLRERERE HTAFRETEHRATNA
RE. SRERXNESKEHRET AR ERARE) AL, RHE
HUBER IERRTEARP R ARENR.

30 FRT, A XNEEZ —EF XX DY X F F R (Chirocephalus nankinensis)
AR TSRS, WEBI MR EZE (cell reformation) MK 2. i £ W4
BEABENERRSER AMBREPHRABRIN, AHEFLIR. N THER
ERABENATRBR. RAEZNEE.

BiE+E4E¥, LT /MK (minicells) . “B4 88" (microcells) & &l & 1 44 i &
& (cytoplasts) 5#% itk (karyoplasts) @&, U RN T EMNNER, H#E HEHH
K, BT AEMITHE (Veomett, et al. );Ege, et al.“;Lucas # Kates's'%) . i xtif
EHMFBRFETEBMM (reconstructed cells) , X5 RATR UM ER MM (reformed
cells) SERA—HN. WERAFRAKRN —NF REBS GBI AR K
FAEN. RIFRNERBARREYERN —EMBAL E—E N, £ R A4 B R s
&G, -4 —SBEFBLERMAR. IREVERNBCARAR, AC AR
M— R, RN D &R

AR, XTHHAA ARERE, FEYEH#T TREITE. &K, Forbes F A
Newport ¥ @ dR A MRS B EE S M B E A DNA G, B REE &
DNA BREBER T ARG, b 748 T8 53 %) 5070 40 M 82 7+, 78 38 0 P9 m At B 4k
DNA #7355, &5 R DNA BRI EREESH. RS AARAR I BRE
i.” (spontaneous formation) . “ H A% AL” (spontaneous assembly).

1970 F UK, RINEF R L ERABAREEMNH R PO L THRERNR
SWEWNFE. AXUSHERAPEEPRTETEERE (HHETEREMNR) HTE



2 R E H

MR UFARERZ R AHR, ARALRE, M0 0S8R T 0%
B R RETEFESN.

—. HEITT %

1. XEHE  EHNE. IEABRTIBEARNE. BEFEE N 37°C.

2 BAFERAREEE FEHREEE1% BRIKFEXUEL. 2% KMk, B
2.5% BB E, KUK B BT S AL BE T 1% WE 4R, % Z MK, Epon 812 &
# OB RN RSN E R A, JEM-T B F BMENE. BT

3. BUEF ABENMEKRHTRENE, A Tc-199 #5358 (M1 15% /b
M FEX 100 B /ml. HE X 100ug/ml) . ARFBERFEE EL FEME
UhEMHEBMBENE.

4. XFRMAS ) KREHFIEF NE R A G KR % EHE, B E T Bouin,
Clarke, MK K Susa BEET, ABGREI A, YR EE 5— Tum, B/RAB, EHAHE-
PAREFLL- RRFYE.

= GRAITE

1. SHESPEETHHNARRRE

M TRXEABRTSE EEPHARTI AL EERARAOETEHAR. BRI
ARBEMERBEEEPHTRINE, TUEBERTEHARNRESETRERAY
XR. ERTRENEPARVBEREWE P /RIRMER N UMFRTE) . XEHED A
ERRPHORE. BERNERSWRXREFU. RINK AN ENEER. BETFE
WENERBETER, AT RAEAR TEARNERSETEEMNEMXLR (B 112,
3. AR ARBABESERTHEERE - MIH ABFPTFANNRTERER
FE B S OPE) . Hbh—1 (FkR) 8/M R FEERE XEHEBRNEE, BB
HEEM, E—NMERMNERE. AMI3ABETETXEN® (k) MRTEAR
(K& . XERRXE—-THTESMK, S (fragmentated) I FH UM ). ABBEIE
JRbh, TR, R T I (K AFRTR) .

ABEERMRLERARTEARMVES LT ABRADRR, BN SEHRER—
B. BLENMBEZERE, & FEERR (FRIF4.N), LT EHEES AR, Y
KA e FHEERE (WER LS a,b M N). REEHARTERARBEEEEH
KANEBR, AHERTEYAKR. ABEEMNR. YR LE (ARI4) MRTEAR
(AR IV-6) H BREE BN AL ZE SRS, AR BI S M AT E. BRIV-6 = 74 R TRHAK
WL 4R E (filopodia) MR EEEA—E. R IV-7 Fa] WAL T2 40 M #3018 1 st
MR E (LEL) BERENEHHLRRR, RN A R, MERR I1-5a # b &7
DRBAIST Rt IEE 2 RR UM . X WA HEE, AR R 3 4 (BK
I1I-5a) 14 A~ 40ME (B II-5b) . I FOR BRI A, IR B3 BE K, 8 N3 478 L ) I st )
BEARERNEENS.



