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of microgravity and radiation were discovered, but effects 
abatement has also been reported. Therefore, whether 
the biological effects of microgravity and space radiation 
participate in role has been a hot research topic in this 
field. Within the tasks of the 17 Sino-German cooperation 
projects in these space applications in the Shenzhou-8, the 
SIMBOX-Experiment 5 research project is under commit-
ment of the team led by Professor Sun Yeqing, from the 
Institute of Environmental System Biology, Dalian Maritime 
University.

The biological material used in this project is Caenorhab-
ditis elegans, divided into two experimental boxes, which 
were respectively installed in the 1g centri-fuge to simulate 
gravity and fixed on the fixtures to achieve the state of the 
space environment. After a lot of ground preparation work, 
with the utilization of bio-incubator provided by Germany, the 
two boxes were successfully launched at 5:58 on November 
1, 2011. After two successful docking experiences with 
the Tiangong-1 in the space laboratory, the Shenzhou 
spacecraft returned the ground at 19:00 on November 17. 
Through the quality certification it was confirmed that the 
entire model organism had been successfully recovered 
according to the previous schedule. Research and analysis 
work after the return is currently undertaken according to 
the plan. The purpose of this project is to investigate the 
synergetic effects of space radiation and microgravity on 
nematode's aging, cell cycle and genome stability, so that 
the mechanism of space radiation and its biological effects 
can be revealed, and the base for the radiation warning and 
health protection can be built.

1.4  Space Experiments and Satellite Space 
       Breeding Experiments

Practice has proved that the microgravity and radiation in 
space environment play a good role in promoting mutagen-
esis, growth and yield, and enhancing antibacterial 
and disease resistance of plant seeds. Since 1978, 
retrievable satellites have been equipped with more than 
60 varieties of seeds like rice, wheat, vegetables, flowers, 
and traditional Chinese medical plants. The launched 17 
recoverable satellites carried 9.4 kg of seeds to space 
this time, among these seeds there are lily and turnip as 
flowers, and rice, wheat, herbs, melons, tomatoes [1-4] and 
so on as crops.

 

2  Development of Microgravity 
    in China, 2011

2.1  Space Microgravity Experiments on  
       Shenzhou-8 Spacecraft

It is of great significance to understand the cellular and 
molecular mechanism of the effect of microgravity environ-

ment on livings. The space flight carrying experimental 
studies are hard to be satisfied, because the chance is 
rare and the cost is enormous. However in order to meet 
the demand of further study about space biology, Chinese 
government spent huge money to implement some space 
life science researches carried on Shenzhou-8 spacecraft, 
launched on September 29, 2011, by a modified Long 
March 2F (CZ-2F) rocket lifted from the Jiuquan Satellite 
Launch Center. 10 major projects were carried on 
Shenzhou-8 spacecraft and some of them were focusing 
on human life science, as listed above.

Besides, successful launch of Tiangong-1 spacecraft 
was the mark of establishment of microgravity research 
and development platform. The program of Tiangong-1 
carrying experimental studies indicated that, researches 
about the effects of microgravity on organism would bring 
new inspiration to life science. Zhou Jianping, the chief 
designer of manned space engineering, said “The space 
station can provide the microgravity and development 
platform which is absent on Earth. The carrying out of the 
manned space and building space station is to develop 
space resources peacefully and make the resources 
to serve for human”. By use of the SJ series satellites 
and Shenzhou spacecraft, biological experiments in 
microgravity and strong radiation conditions can be carried 
out and space breeding experimental research was 
completed[5-12].

The protein crystal growth in space condition was 
evaluated. 14 different protein solutions kept in capillary 
tubes, from Institute of Biophysics, Chinese Academy of 
Sciences, were carried on Shenzhou-8 spacecraft to get 
better quality protein crystallization. A better understanding 
of protein’s fine structures was realized and rational drug 
development can be on its way.

Mutagenesis of microbial in space microgravity condi-
tion was investigated. Some microorganism, streptomyces 
coelicolo, streptomyces cirratus C and bacillus subtilis 
from Institute of Microbiology, Chinese Academy of 
Sciences, were taken into space. The specific secretion 
under microgravity condition was evaluated.

Research about the higher plants’ metabolic biology 
was carried out. Rice seeds were kept in a container 
which was covered with a bio-membrane that allow to 
light, air freely and was waterproof. Germination and 
growth happened in space and young seedings were 
generated. Microgravity caused thylakoid’s membrane 
structure changes. Thylakoid was an important component 
in chloroplast for photosynthesis in higher plants. The 
stack of thylakoid membrane was decreased which 
would probably impact the function of photosynthesis 
process. Photosynthetic physiological data would be 
deeply analyzed. Microscopic structure of rice seeding’s 
leaves and root analysis and proteomics of the leaves 
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Figure 1   Yue assisted companions to put on space suits

Figure 2   Volunteers "return from the Mars"

Figure 3   Yue displays the Chinese national flag in the Mars-500

together with the effect of microgravity on it, especially 
the metabolic process related to photosynthesis and the 
protein involved in photosynthetic energy transfer, would 
be carried out. Some other botanical experiments were 
completed in the flight experimental studies[13-18]. The 
differences of biological effects between different aircrafts 
were investigated as well[19-25]. 

2.2  Altered Gravity Simulated by 
       Diamagnetic Levitation

Diamagnetic levitation is a technique that uses a strong, 
spatially varying magnetic field to simulate an altered 
gravity environment, as in space. Streptomyces avermitilis 
was used as the test organism. The authors investigat-
ed whether changes in magnetic field and altered 
gravity induce changes in morphology and secondary 
metabolism. They found that a strong magnetic field (12T) 
inhibit the morphological development of S. avermitilis in 
solid culture, and increase the production of secondary 
metabolites[26] .

3  Development of Spatial 
    Simulation on Ground

3.1  Research About Human

3.1.1  Mars-500 
Mars, the nearest red planet from the Earth in the univer-
se, is the most mysterious planet fascinating people on 
Earth. As we all know, human had landed on the moon, 
but the most anticipated is to land on the similar neighbor.

On November 4, 2011, six volunteers, including teacher 
Wang Yue, from China astronaut center completed 520 
days simulation of Mars journey[27]. They spent 250 days 
in simulating the flight to the Mars in a model spacecraft, 
and then landed on the planet and carried out the scientific 
experiment in the next month, finally returned the Earth 
during the rest 240 days.

Figure 4   “Family”
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This flight simulator did not leave the Earth at all, but as 
the real “Star journey”, they lived in the 550 cubic meters 
"spacecraft" for a year and a half. 520 days are the longest 
human survival record in a confined space. By means 
of this, six volunteers arrived at the height which human 
has never reached in exploring the physiological and 
psychological limits.

Fundamentally speaking, the Mars-500 is a series of 
large-scale scientific project, which have as many as 105 
experimental projects. The main content of these experi-
ments is to understand the psychological and physiological 
state of the astronauts to Mars in the future, to accumulate 
data and experience for future exploration of Mars, to 
provide important references for carrying out manned 
interplanetary flight in the future.

Yue described the "crazy" day to reporters. He said 
that they were collected saliva sample and completed 
four tests in 30 to 40 minutes every two hours. Besides, 
they had to do physical exercise, urine collection and 
other psychological tests in no more than 1.5 hours. From 
18:00 in the evening, they would have to wear red glasses 
until 11:00 next day, they would also be questioned and 
collected saliva except the sleeping time. However, they 
would be done with the breathing and sleep detection 
experiment during sleeping.

Many experiments carried out in the cabin let Yue 
feel “crazy”, such as the Italy ARES experiment which 
was recognized as the most fascinating. The experiment 
was divided into two parts. One is physical experiments 
including the collection of urine, saliva and detection 
of ultrasound and EEG test. And secondly the and 
psychological experiments. During EEG test, they should 
wear the electrode cap which looks like a fishing net. 
What’s more, there is no conductive paste, and each 
electrode is a sponge pad. Before the experiment, the 
electrode cap was soaked in a special solution for half an 
hour, and then the fishnet was severely put on the head. 
An additional feature of the electrode cap is that it can 
discharge, and the volunteers can feel the current flowing 
to the head. Although it's not as high voltage to effect but 
certainly that one can’t sleep.

The excreta of every volunteer are also experimental 
specimens, and the experimental cabin has a refrigerator 
dedicated to save these specimens. These may cause 
some psychological discomfort, recurrent blood drawing 
let the volunteers have the feeling of mice. Yue said, many 
physiological experiments should collect blood samples, 
150–180 ml each time. Although this is not carried out 
everyday, yet each time facing a test tube rack filled with 
20 to 30 pipes really made people feel dizzy. Yue had 
calculated that the total blood samples from the volunteer 
in 520 days almost accounted to all the blood in the body. 
Numerous experimental projects like this were done during 
concerted time. It can be imagined that the volunteers 
have to bear such a high psychological, physiological 
pressure. In fact, early before the Mars-500 started, Russia 
had promised that in any case, the volunteers could refuse 
to participate in a variety of cabin experiments without any 
reasons. None of the six volunteers gave up, and everyone 
completed all experimental tasks, until the end of the 520 
days.

During the 520 days, six volunteers have accumulated 
a lot of research data and have a new breakthrough of 
human-limit capacity in a confined environment. Besides, 
the projects organized by Chinese organizations, including 
biological rhythms, the project of oxidative stress and 
psychological project, almost have achieved their goals.  
What the Mars-500 concerns is the effect on physical and 
mental health in the long-term closed environment. The 
volunteers could not see the Sun all the year so that lost 
the circadian rhythm on Earth. Even this, they still complete 
the 105 experiments participated in by different countries. 
Yue introduced, these experiments had a detailed manual, 
and volunteers should do different experiments in a time 
period for cross-comparison and matching compared. At 
last, they transferred the data out in a fixed time. It is worth 
to mention that the Chinese medicine was utilized in the 
project, and the volunteers' tongue, face were recorded 
by four diagnostic instruments. These provided valuable 
data for our country to deepen the Aerospace Medical 
Research.
3.1.2  Simulation of the Human's Anxiety Status and 
          Psychological State
Researchers from the Fourth Military Medical University 
use State-Trait Anxiety Inventory (STAI-Form X) and 
symptoms self-assessment Scale (SCL-90) to measure the 
12 participants from the Fourth Military Medical University, 
Department of Aerospace Medicine, in a simulated anxiety 
condition and mental state of zero gravity. Comparing the 
anxiety before and after the test, there is no statistically 
significant (P> 0.05) difference. Analyzing the SCL, the 
factor scores of the 12 testers were lower than the norm 
except the symptoms of somatization. The obsessive-
compulsive symptoms depression, anxiety, hostility and 

Figure 5   Electrode experiment was done on Yue's brain
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paranoid ideation are statistically significantly different to 
the norm (P <0.05). It can be concluded that the students 
from Department of Aerospace Medicine have high mental 
endurance in simulated weightlessness state[28].

3.2  Research About Animals

3.2.1  Ground Based Simulation for Animals 
          and Selectivity of Methods
The implementation of the space programs such as 
Shenzhou spacecraft series, Tiangong (Heavenly Palace) 
space station greatly promotes the rapid development of 
the space industry and the progress of space science. 
However, astronauts would be effected by microgravity, 
cosmic radiation and magnetic environmental because of 
the complex environment in space, which is helpless to the 
major space missions. Therefore, based on the pathology 
physiology of space sickness, it’s urgent to establish a set 
of effective protective measures and strategies to ensure 
the health of astronauts and it has been the development 
direction and key content of space medical experiments 
to research physiology, psychology, working ability of 
astronauts and the intrinsic mechanisms under long-term 
flight.

Ground simulation is an effective strategy to carry 
out space science experiments, because of precious 
experiment opportunity and high cost in real space 
environment. It’s necessary for astronauts to be familiar 
with the space environment, the structure and function 
of spacecraft before going to the outer space. Compared 
with space experiment, under the ground simulation, 
experimental conditions are easy to control, and the 
experiment methods are flexible. The influence of the 
organism can be excluded by collecting data under 
different time points in order to study the mechanism 
and it’s easy to deal with the waste. Through the ground 
simulation, study on the biological effects on animals or 
human and mechanism can provide theoretical basis for 
the astronauts and it’s helpful to identify prevention and 
therapeutic markers of space disease, which is of great 
importance in theory and practice[29].

Microgravity is one of the most distinct features in 
space environment, and microgravity effect is the most 
difficult to be overcome. So far, most of the researches 
in space biomedicine are about microgravity in order to 
solve the protection problems. First of all, considering 
the equipment simulating microgravity, Tan YJ[30] and his 
colleague developed a novel cell experiment device with 
dynamic control sample and assembled cell culture model 
for meeting requirement of space medical research on 
ground. Compared with rotate wall vessels by NASA's 
Johnson Space Center, this device not only can achieve 
comparison among dynamic samples and have samples 
combination function, but also solves the problems 

of few samples, lack of dynamic control, installation 
inconvenience sampling difficult. Two-direction multi-
sample cell experimental device was shown in Figure 6, 
including sample supporting system, drivetrain system and 
control system.

Some experiments of shearing strength and cell were 
carried out to validate the effects of simulated microgravity 
on cells. The results confirmed that samples could alter 
axes of rotation freely and shear stress in the cell culture 
bottle could be neglected and cell proliferation and 
cytoskeletal changes in simulation microgravity experiment 
were in accordance with that of spaceflight experiment. 
This device established multi-samples control system and 
implemented sample combination technics to achieve multi-
sample cell culture such as adherent cell, suspension cell, 
tissue, bacteria, plant cell and seed, which expanded the 
application scale and has been used in the space medical 
cytology research (Patent No. ZL 200510001094. 5). 

Monkeys, dogs, rats and mouse have been used to 
mimic microgravity at home and abroad. Otherwise, 
cavies are usually used to study the hearing effect under 
microgravity, because the earlap is large and its hearing 
organ is similar to human, but the trail of cavies is too 
small to simulate microgravity. Han HL[31] et al. designed 
an experiment which used cavies to do research on 
microgravity. As the knee joint of cavies is bigger, the 
skin and subcutaneous tissue are flexible, a thin layer of 
cotton package is hind above joints, the tape are winded 
around the cotton piece for several circles, the last lap 
in the tape back is set aside part of the circle threading, 
at last the feet of cavies and cotton bud were fixed, and 
cotton thread was on the rod for the suspension of cavies. 
When cavies are suspended, make sure vertical axis of 
the whole body is at –30° to the horizontal (the angle is 
adjustable). The forelegs of cavies can bear most of the 

Figure 6   Picture of device
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body weight, activity scope is 2/5 of the cage, and five 
cavies are in cage, each of which is located in the four 
corners and middle position. Water and feed are placed in 
the position that they can achieve. This method applied in 
the “Tenth Five-Year” program got good result that it can 
well simulate microgravity, but it needs improvement for 
long-term microgravity research.

There’re several methods to simulate microgravity 
such as fall tower, parabolic flight, suspension, water 
float and gas float. The advantages of fall tower method 
are high accuracy, high security, recycle and it can be 
used to do three dimensional microgravity experiments, 
but it costs high and is poor in universal application. The 
size and weight of flight is limited, and the most notable 
disadvantage is that the experiment time is too short to 
evaluate the performance standards of flight that is seldom 
used at home and abroad. Parabolic flight method has 
the similar advantages and disadvantages with fall tower 
method. Suspension method is widely used because the 
equipment is comparable simple and of low cost. However, 
it is usually used for light flight to simulate microgravity as 
the complex move path and heavy weight would impact the 
accuracy. Water float method can be used to achieve three 
dimensional microgravity simulations, but the accuracy 
is effected by turbulence and water resistance, and the 
method costs high as the flight needs to be treated with 
waterproofing. So far, this method is used in astronauts 
training. Gas float method is widely used because of its 
low cost, simple structure and short establishment period. 
This method is applied in ground experimental system 
by Canadian corporation, free flying space robots by 
Stanford University and space robots by Harbin Institute 
of Technology[32]. However, gas float method can not be 
used for three dimensional movements. To solve this 
problem, Qi NM[33-34] developed a three dimensional 
microgravity device for complex movement which was an 
engineering system composed of machine, motor and air-
bearing combined with fuzzy CMAC compensation control 
algorithm. Horizontal movement adopts air suspending, 
vertical movement adopts motor and reducer, and 
constant force closed loop system is adopted by control 
system to track target gravity. For test object, friction non-
linearity of machine system, outside disturbance and low 
speed of aircraft are considered. Neural sliding model 
equivalent controller with learning ability is adopted for 
adaptive learning and compensation for various uncertain 
influences. Test result shows that the designed test 
equipment not only features light-weight structure and 
easy use, but also can compensate non-linearity dynamic 
influences of manipulators and achieve high-precision 
simulation of microgravity environment. So it has important 
reference value for three-dimensional spatial microgravity 
simulation test.

3.2.2  Biological Effect of Ground Based Simulation
Zoology experiment has been developed for the biological 
effect under microgravity condit ion. Research on 
PC12 cell showed that simulated microgravity induced 
senescent-liked morphologic changes, the microvillus 
were abundant in PC12 cells cultured in simulated 
microgravity condition. The SA-β-gal activity was up-
regulated by simulated microgravity culture[35]. To test the 
hypothesis that a medium-term simulated microgravity 
can induce region-specific remodeling in large elastic 
arteries with their innermost Smooth Muscle (SM) layers 
being most profoundly affected and to elucidate the 
corresponding mechanisms and prevention by the gravity-
based countermeasure, the tail-suspended, hind-limb 
unloading rat model was used to simulate microgravity-
induced cardiovascular deconditioning for 28 days (SUS 
group). During the simulation period, another group was 
subjected to daily 1-hour dorso-ventral (−Gx) gravitation 
provided by restoring to normal standing posture (S + 
D group). The activity of vascular L-RAS was evaluated 
by examining the gene and protein expression of 
angiotensinogen (Ao) and angiotensin II receptor type 
1 (AT1R) in the arterial wall tissue. The results showed 
that SUS induced an increase in the media thickness of 
the common carotid artery due to hypertrophy of the four 
SM layers and a decrease in the total cross-sectional 
area of the nine SM layers of the abdominal aorta without 
significant change in its media thickness. For both arteries, 
the most prominent changes were in the innermost SM 
layers. Immunohistochemistry and in-situ hybridization 
revealed that SUS induced an up- and down-regulation 
of Ao and AT1R expression in the vessel wall of common 
carotid artery and abdominal aorta, respectively. In arteries 
perfused at a flow rate of 7.9 ml/min and pressurized at 
150 mmHg, but not at 0 or 80 mmHg, for 3 days led to an 
augmentation of c-fibronectin (c-FN) expression, which 
was also more markedly expressed in the innermost SM 
layers, and an increase in Ang II production detected in the 
perfusion fluid. However, the enhanced c-FN expression 
and increased Ang II production that might occur due 
to a sustained high perfusion pressure alone were fully 
prevented by daily restoration to 0 or 80 mmHg for a short 
duration. These findings demonstrated that redistribution 
of transmural pressures might be the primary factor that 
initiates region-specific remodeling of arteries during 
microgravity and the mechanism of IAG is associated with 
an intermittent restoration of the transmural pressures 
to their normal distribution[36]. Moreover, some studies 
suggest that the calcium channels and rennin-angiotensin 
system (RAS) play pivotal roles in the region specific 
vascular adaptation due to simulated weightlessness[37], 
and the differential regulation of Ca(L) channels and 
ryanodine-sensitive Ca(2+) releases in cerebral and 
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small mesenteric VSMCs may be responsible for the 
differential regulation of intracellular Ca(2+), which leads 
to the altered auto regulation of cerebral vasculature and 
the inability to adequately elevate peripheral vascular 
resistance in post spaceflight orthostatic intolerance[38]. 
The present study aimed at the changes of neurotrophin-3 
(NT-3) expression of intramural muscle fibers in rat soleus 
muscles under simulated weightlessness showed that 
simulated weightlessness induced an obvious decrease in 
the NT-3 expression level of intramural fibers in rat soleus 
muscles. Accompanying the simulated weightlessness 
extension, NT-3 expression in rat soleus muscle spindles 
was progressively decreased[39]. Present study discovered 
that mouse oocyte maturation was inhibited by simulated 
microgravity via disturbing spindle organization, indicating 
that the simulated microgravity inhibits mouse oocyte 
maturation via disturbing spindle organization and inducing 
cytoplasmic blebbing[40]. In two months tail-suspended 
rats, the renal tubular epithelial cells demonstrated that 
basal laminas of renal tubules were rough and incrassate 
with mitochondria swelling and vacuolation. Cell apoptosis 
in kidney monitored by the expression of Bax/Bcl-2 and 
caspase-3 accompanied these pathological damages 
caused by long-term microgravity. Resistance training 
not only reduced kidney cell apoptosis and expression of 
HSP70 protein, it also can attenuate the kidney impairment 
imposed by weightlessness[41]. T lymphocytes from EAE 
rats, which were specific for myelin basic protein (MBP) to 
a modeled microgravity (MMG) environment was known to 
suppress proliferation of normal T cells[42].

Besides the microgravity, radiation is another factor 
that effect astronauts. Lacking of the protection from Earth 
magnetic field and atmosphere, radiation dose far exceed 
the security dose when doing extravehicular activity, which 
may lead to central lesion, tumor, and reproductive and 
genetic changes. It’s important to study on the radiation 
effect and make out prevention to attenuate radiation 
damage. Study showed that carbon ions and stimulated 
microgravity could induce the damage of sperm and male 
reproductive organ of outbred Kunming mice stimulated in 
microgravity by tail suspension and irradiated with the low 
doses of carbon ions diluted by HIRFL. In addition, it was 
also found that the damage of the carbon ion irradiation 
combined microgravity group were lower than those of 
the irradiation group, while the related mechanism needs 
further investigation[43].

A magnetic field with magnetic induction of 0 < |B| ≤ 
5μT is defined as a Hypo Magnetic Field (HMF). Since 
1970s, biological effects of hypo magnetic environment 
and zero magnetic environments have been continuously 
studied. Astronauts would suffer from potential risks due to 
the HMF exposure. Therefore, it’s a hot topic to study the 
biological responses to the HMF. Researches have shown 

that HMF may impact on nervous system, metabolism, 
embryonic development, biorhythm and cell proliferation. 
Research on the effects of hypo magnetic fields (HMF) 
environment on hematopoietic system showed that the 
environment of hypo magnetic field can cause changes 
in blood leukocytes and platelets in mice, which may 
affect the immune system and the characteristics of blood 
coagulation[44].

The establishment of 3D cell culture system and electro 
transfer and analysis of cells in simulated microgravity 
were completed in Beijing Institute of Technology with 
some cooperation. Also, the special analytical instrument 
was produced. Micro carrier system would help scientist 
to research the culture of cardiocytes in outer space. 
Cardiocyte together osteoblast’ structures of skeleton and 
throb function were changed under simulated microgravity.

3.3  Cells and Other Living Beings

3.3.1  The Biological Effect of Microgravity 
          Simulated On Ground
On the one hand, microgravity would cause impairment 
to cells, such as apoptosis, inhibiting of replication and 
differentiation, stress of immune system and retarding 
early development of the embryo. On the other hand, as 
a method and implement, great achievement by the use 
of microgravity has been made and some application was 
completed in microbial culture. The typical researches are 
as follows. Researches about the apoptosis induced by 
simulated microgravity and countermeasure, impairment 
to reproductive system, weakened immune system, cell 
differentiation, osteogenicaction, increased secondary 
metabolites of microbial, and the substantive function of 
diamagnetic levitation on Streptomyces avermitilis. 
3.3.2  Mechanism of Apoptosis Induced by 
          Simulated Microgravity
Microgravity induced micro vascular endothelial cell 
apoptosis was correlated with the down-regulation of 
the PI3K/Akt pathway, increased expression of NF-κB, 
and depolymerization of F-actin[45]. Some other Chinese 
traditional medicine were found that they could protect cell 
against apoptosis induces by simulated microgravity[46]. A 
number of studies have demonstrated that renal function 
is influenced by the environment of weightlessness. 8 
weeks tail suspension model was designed to simulate 
weightlessness condition and demonstrated that the 
pathological changes such as glomerular atrophy, 
degeneration and necrosis of renal tubular epithelial 
cells that were associated with long-term weightlessness 
were severe compared to the short-term weightlessness 
condition. Kidney ER stress was associated with apoptosis 
in renal proximal tubular cells induced by simulated 
weightlessness. The pathological changes of rat kidney 
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imposed by simulated weightlessness with in-depth 
insights to the correlation of ER stress-induced apoptosis, 
and overexpression of HSP70 protein with the pathological 
damages[47].
3.3.3 Effects of Microgravity on Immune System
Proliferation of T-lymphocyte was inhibited and apoptosis 
was induced. Besides, the secretions of cell factors 
were changed[48]. Microgravity caused differentiation of 
reticulocyte which was possibly mediated by the inhibited 
expression of TATA-1 mRNA.
3.3.4 Microgravity Causes Cell Differentiation
Rotary cell culture system enhanced the proliferation 
and differentiation of the enamel organ epithelia into 
ameloblasts[49]. Bone Mesenchymal Stem Cells expressed 
increased neurotrophin in simulated microgravity condition 
which indicated that SMG would enhance the differentiation 
from stem cells to neurons[50]. The adhesion rate of dental 
pulp stem cells increased while the inoculum concentration 
increased[51]. Meanwhile, replication of dental pulp stem 
cells was significantly increased[50]. Human liver stem cells 
were incubated in simulated microgravity condition and 
they grew as a three-dimensional pattern[51]. 
3.3.5 Structure Changes of Osteoblast in 
         Simulated Microgravity
Microfilament structure of osteoblast was damaged by 
the simulated microgravity. Cell viability decreased while 
the degree of depolymerization increased. The activity 
of alkaline phosphatase decreased together with the 
decreased expression of bone gal-protein[52]. Osteoblast 
and osteoclast were co-cultured in the clinostat by using 
different types of braces.
3.3.6  Simulated Microgravity Promotes Secondary 
          Metabolism of Microbial
Simulated microgravity (SMG) can inhibit proliferation and 
enhance microcystin production of Microcystis aeruginosa. 
The authors investigated the role of nitric oxide (NO) in 
regulating the SMG induced changes of proliferation, 
photochemical system II photochemical activity, pigment, 
soluble protein and microcyst in production in M. 
aeruginosa[53].  It was reported that the low-shear modeled 
microgravity (LSMMG) environment significantly enhances 
production and secretion of the recombinant PGUS 
expressed in P. pastoris GS115. These results suggested 
that simulated microgravity techniques could be used 
for the efficient production of recombinant proteins by 
microbial hosts.
3.3.7  Simulated Microgravity Affects the Expression     
          of Enzymes in Recombinant E. coli by 
          HPLC-ESI-QQQ analysis
Simulated microgravity has been reported to affect the 
gene, protein expression, and its function in the cells. 
Semicarbazide-sensitive amine oxidase (SSAO; E. 
C.1.4.3.6.) is widely distributed in vascular cells, smooth 

muscle cells, and adipocytes. It is noteworthy whether 
the expression of SSAO is affected under simulated 
microgravity or not. In this study, an SSAO-transformed 
Escherichia coli BL21 was constructed firstly. Then, a 
sensitive, selective, and accurate method based on high 
performance liquid chromatography electrospray ionization 
triple quadrupole (HPLC-ESI-QQQ) was developed to 
determine the amount of SSAO in the E. coli BL21. The 
limit of detection and limit of quantification were 5.0 and 
10 fmol, respectively. Finally, SSAO expression in the 
recombinant E. coli BL21 was evaluated with various 
gravity and temperature conditions by HPLC-ESI-
QQQ analysis. It is interesting that the tendency in the 
alteration of SSAO under simulated microgravity showed 
temperature difference. At 18 °C, the amount of SSAO 
in the inclusion bodies and soluble fractions under the 
simulated microgravity increased by 83% and 116%, 
respectively, compared with normal gravity. However, the 
decrease by 38% and 49% in the inclusion bodies and 
soluble fractions under the simulated microgravity was 
observed at 37 °C. Results obtained here indicate that 
the SSAO expression under simulated microgravity is 
dramatically sensitive to the temperature. On the other 
hand, a novel bioreactor from this study may also be 
useful for the recombinant protein expression in the field of 
gene engineering[54].

4  Devices and Technology Research

4.1  Tiangong-1 Related Space Scientific  
       Devices and Technology

In September 2011, China successfully launched the 
"Tiangong-1" spacecraft, and the main purposes are space 
applications (including the space environment and space 
physics exploration, etc.), space science experiments, 
space medical experiments.

Hyperspectral imager was used in Earth environmental 
monitoring. Hyperspectral imager plays an important role 
in the resource exploration, environmental monitoring and 
food safety issues. At the same time, Hyperspectral imager 
can detect the condition of atmospheric pollution, mineral 
resources, oil resources, marine resources and the heavy 
metals’ content and distribution of crops.

The research of the space material is focused on the 
outstretched process of composite Colloidal crystal in 
the space. The purpose of this research is to study the 
crystallization kinetics of composite colloidal crystals which 
is the new area of the international materials science. For 
the future new materials, such as the growth of photonic 
crystals, space material test plays key role in technical 
research. Photonic crystal has an important value in 
optical communications and imaging. However, this test 
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is different for large-scale growth experiments because 
the effect of gravity on the ground. The main purpose of 
this test is to study the crystallization process of colloidal 
crystals.

Spacecraft in orbit operation will be influenced by 
microgravity, low vacuum, charged particles and space 
debris, and these constitute the space environment of the 
spacecraft which brings the serious influences on safety. 
The other mission of Tiangong-1 is to detect the space 
environment. There are two instruments in Tiangong-1. 
One is multi-particle radiation detector, which is used to 
measure multiple directions of energetic charged particles, 
which means that the radiation detector plays an important 
role in the safety of the spacecraft and the astronaut 
extravehicular activities. The other is the track atmospheric 
detector, which is used to measure the density and 
composition of atmosphere in order to evaluate the 
resistance to spacecraft from atmospheric density and the 
corrosiveness caused by the compositions of atmosphere.

Tiangong-1 has the third generation of multi particle 
radiation detector, which has high precision and is 
contributing to figure out the situation of space particle 
radiation. In the space, the high-energy particles interfered 
with the electronic components of satellites. Acquiring the 
relevant data through the detector, the research staffs 
were able to simulate space environment on the ground 
and make targeted experiments in order to solve the 
problem.

In addition, Tiangong-1 is also equipped with a track 
atmospheric detector, which is designed to evaluate 
the influence of the Earth's gravity, magnetic fields, 
atmospheric density, light pressure and other factors on 
spacecraft track. And then, establish a database for more 
accurate forecast on the orbit of the spacecraft.

One of the experiments in Tiangong-1 is to construct 
regenerative life support systems. This experiment is 
prepared for building a space station in the future. The 
goal is to electrolyze the sweat, urine and water from the 
astronauts into oxygen and hydrogen so that oxygen can 
be recycled.

In Tiangong-1, we also investigated the changes of 
psychological and physiological when the astronauts 
were in the space, as well as material changes under 
microgravity conditions.

4.2  The Research of Space Science 
       Appliance and Technical in China's 
       Shenzhou-8 Spacecraft 

In November 2011, China has successfully launched 
Shenzhou-8 Spacecraft, successfully meeting the module 
for China's first space-docking procedure. It built the base 
for the subsequent space laboratory and the construction 
of the space station.

There are 17 of life science experiments, including 
the microfluidic chips gene amplification experiment 
from Beijing Institute of Technology that is operated in 
Shenzhou-8 Spacecraft. It has drawn the most attention. 
This device breaks technical bottlenecks on microfluidic 
chip technology, PCR amplification technology in extreme 
conditions and so on. Successfully load of microfluidic 
chips gene amplification device in spacecraft make China 
become the third country to develop space microfluidic 
chips scientific experiments after the U.S and Europe. It 
was China zero breakthrough in microfluidic chip space 
application technology. It was China's first to do gene 
experiment in the space environment and achieves the on-
orbit detection.

China and Germany cooperated in manned space flight 
for the first time. There are 17 life science experiments of 
space project that involves 33 different kinds of samples, 
in which China has 10 projects and German has 6, another 
is sino-german cooperation, involving the four major areas: 
basic biology, space life technology, advanced life support 
system of biology and space radiation biology.

General biological incubator is designed and produced 
by EADS (Astrium Space Transportation) in German. 
It is used in space special environment conditions, and 
is a general device used by researches to investigate 
biological response of all kinds of creatures in microgravity 
and radiation space environment. The design and produce 
of the device was based on the international space station 
module, and has a very strong commonality. The device 
can accommodate 40 containers. Each experimental 
container has independent function or works together. 
Meanwhile, experimental containers have control function 
of 1 g analog gravity level, also can provide such as the 
temperature and light conditions.

The Institute of Physics of Chinese academy of 
sciences, takes a protein crystallization experiment. 14 
kinds of proteins are involved in dysentery bacillus, kinase, 

Figure 7   Microfluidic chips gene amplification experiment
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trachoma virus etc., Three of them are from Canada, 
eight from China and three from Germany. On the Earth, 
protein crystal growth would be effected by the gravity 
and buoyancy convection duo to the universal gravitation. 
Crystals generated in the glass capillary will sink. In 
weightlessness space condition, solutions of sprout 
crystal do not sink, because of being away from buoyancy 
convection influence, crystals' quality sprout better 
than that on the ground. There is a more clear internal 
molecular structure arrangement and with the aid of X-ray, 
we can find that the protein crystal have a more elaborate 
molecular structure and that can confirm relationship 
between the protein molecules structure and function, 
which can help to research and develop new drugs for 
major disease which including plant diseases, human and 
animal diseases, etc.

The Institute of Aquatic of Chinese academy of 
sciences and Germany organisms carried out a simple 
airtight ecological system to explore space. Blisters 
screw worm, wheel, algae and bacteria, together form 
a closed ecosystem, and then put into a small box, 
construct a simple water ecological system, with slender 
bare algae and chlorella as main producers, snails as 
the main consumer screw, at the same time to form the 
organization trained bacteria as disintegrator, built into a 
closed ecological system and unintended consequences 
which can research the water, air, food regeneration that is 
essential to life. In the hardware design, besides to provide 
light which are needed for algae growth and oxygen 
produce, detection device that can detect the algae growth 
density and monitor real-time transmission growth state 
data was added. And in a specific technology in the system 
of the gas and mass distribution, improvement of the gas 
chamber in different transfers, which make it possible to 
realize the gas in the system, the benign circulation of food 
and waste disposal. For the future, astronauts will stay 
long time so that they have enough time to do experiment.

In addition, there are 33 samples of which ten are from 
Chinese experimental project. These samples include rice 
callus, arabidopsis, shamrock chain moulds, plant cell, 
thyroid cancer cells, and other animal cells. There are 
14 different kinds of protein molecules. These cells are 
loaded in a box which has the size of a cigarette case. And 
finally, 40 "cigarette case" were put into the big general 
incubator, fixed in Shenzhou-8. In addition, in the incubator, 
a centrifuge was placed which can produce gravity for 
control experiment. That common biological incubator is 
made in German. It is about 5 meters in length and width. 
The Chinese partners designed the biological payload and 
biological electric device.

The Shenzhou-8 provided special life protection system 
in the docking task, and this system is mainly used to 
conduct experiments for physical and chemical protection 

Figure 8   Microfluidic chips gene amplification experiment

Figure 9   Payload control equipment

Figure 10   Biological incubator

Figure 11   The experiment of rice response in micro-gravity
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of life, including converting wastewater and sewage into 
drinkable pure water, extracting oxygen from the water to form 
recycle system, collecting reducing, and enriching carbon 

dioxide. These ensure the efficient usage of material, which 
can save resources and reduce launch weight, and lay the 
foundation for astronauts' long-term life in the space.
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