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Heat-induced symmetry breaking in ant (Hymenoptera: Formicidae) escape 

behavior 

 

 

 

 

 

 

Sulforaphane is a cruciferous vegetable-derived isothiocyanate with promising 

chemopreventive and therapeutic activities. Induction of proliferation arrest and 

apoptosis principally contribute to sulforaphane's anticancer activity, but the precise 

molecular mechanisms remain elusive. The oncoprotein SKP2 is a key component of 

the SKP1-CULLIN1-F-box (SCF) E3 ligase complex and is responsible for directing 

SCF-mediated degradation of cyclin-dependent kinase inhibitor p27(KIP1) to 

promote cell proliferation. We herein provide the first evidence supporting the 

critical involvement of the SKP2-p27(KIP1) axis in sulforaphane-induced 

antiproliferation in various human colon adenocarcinoma cell lines. Specifically, 

sulforaphane markedly suppressed the levels of bromodeoxyuridine (BrdU) 

incorporation and clonogenicity in all tested cell lines, illustrating the 

antiproliferative effect of sulforaphane. Of note, sulforaphane-induced 

antiproliferation was accompanied with down-regulation of SKP2, leading to the 

https://www.ncbi.nlm.nih.gov/pubmed/25070589
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5371300/
https://dx.doi.org/10.1371%2Fjournal.pone.0173642
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stabilization and thus up-regulation of p27(KIP1). Additionally, sulforaphane was 

found to down-regulate SKP2 mainly through transcriptional repression, as 

sulforaphane lowered SKP2 mRNA expression and the SKP2 promoter activity. 

Furthermore, sulforaphane treatment led to the activation of both AKT and ERK, 

thus ruling out the possibility that sulforaphane down-regulates SKP2 by inhibiting 

AKT or ERK. Notably, sulforaphane-elicited suppression of BrdU incorporation and 

clonogenicity were significantly rescued in the context of SKP2 overexpression or 

p27(KIP1) depletion, therefore highlighting the important role of SKP2 

down-regulation and the ensuing stabilization of p27(KIP1) in sulforaphane-induced 

antiproliferation. Collectively, these data expand our molecular understanding about 

how sulforaphane elicits proliferation arrest, but also implicate the application of 

sulforaphane in therapeutic modalities targeting SKP2. 

 

The collective egress of social insects is important in dangerous situations such as 

natural disasters or enemy attacks. Some studies have described the phenomenon of 

symmetry breaking in ants, with two exits induced by a repellent. However, whether 

symmetry breaking occurs under high temperature conditions, which are a common 

abiotic stress, remains unknown. In our study, we deposited a group of Polyrhachis 

dives ants on a heated platform and counted the number of escaping ants with two 

identical exits. We discovered that ants asymmetrically escaped through two exits 

when the temperature of the heated platform was >32.75°C. The degree of 

asymmetry increased linearly with the temperature of the platform. Furthermore, 

the higher the temperature of heated platform was, the more ants escaped from the 

heated platform. However, the number of escaping ants decreased for 3 min when 

the temperature was higher than the critical thermal limit (39.46°C), which is the 

threshold for ants to endure high temperature without a loss of performance. 

Moreover, the ants tended to form small groups to escape from the thermal stress. A 

preparatory formation of ant grouping was observed before they reached the exit, 

indicating that the ants actively clustered rather than accidentally gathered at the 

exits to escape. We suggest that a combination of individual and grouping ants may 

help to optimize the likelihood of survival during evacuation. 

 

 

Reduction system research 

The use of patented technology to develop the reducing powder mechanism is 

similar to the photocatalyst reaction combined with the automatic electronic control 

mechanism to initiate the degradation reaction through the specific requirements in 

the fully automatic mechanical equipment, which can effectively remove the poultry 
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manure and discarded mushrooms in a very short time of about four hours. The 

living kitchen waste is completely decomposed into fertilizers, biomass fuels or feeds 

that are beneficial to the plant body and does not derivate secondary pollutants. This 

technology can effectively accomplish the ultimate goal of atmospheric carbon 

sequestration in order to improve the rapidly deteriorating extreme climate 

greenhouse effect. 

 

 

Technical application areas: agriculture, animal husbandry waste, kitchen waste 

treatment 

Fertilizer - Organic Fertilizer: Green Energy Environmental Cycle 

Fuel-biomass power generation: replacing coal to improve air pollution 

Feed - replace food waste directly: destroy African swine fever virus 

Through the use of this research, the reduction system can efficiently convert 

agricultural and animal husbandry waste: poultry manure, mushroom bag, wood fiber 

and kitchen waste into fertilizer, biomass fuel or feed. The output fertilizers are 

organic fertilizers. They can be widely used in crops such as fruits and vegetables, 

leafy vegetables, and landscape plants. The wastes are introduced into the green 

energy environmental protection cycle chain. Biomass fuel products can be used in 

biomass power generation. Substituting existing coal will effectively improve the 

serious and urgent air pollution problem. Application of the product through the 

appropriate unit series technology can also be used as feed. This technology is 

excellent in the process of automatic processing and production, which can truly 

destroy the African swine fever virus and allow the virion to be eliminated in the food 

chain. In this way, it can be completely solved. African swine fever has continued to 

deteriorate and spread. 

 

Automated processing brief and input feeding mode 

Raw waste feeding - destroying physical structure - specific state requirements to add 

reducing powder - activation start degradation - action generation and completion - 

discharge - processing process - bagging 

Note: 

Original waste: poultry manure, mushroom bag, wood fiber and kitchen waste 

Physical structure: particle size, humidity, composition ratio 

Specific state: temperature, dispersion rate 

Reducing powder: one of the technical achievements, using mode 1: 1000 uniform 

coating 

Activation start: the reduction powder starts to work under specific requirements 
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Degradation: destroying the original waste chain structure 

Discharge: fertilizer, biofuel or feed 

Processing process: powdering, granulation, briquetting 

 

 

Comparison of technological advantages and traditional conditions 

The technology automatically restores the system and restores the powder, and the 

photocatalyst mechanism cooperates with the automatic electronic control mechanism 

to start the degradation reaction through the specific requirements in the fully 

automatic mechanical equipment, which can effectively remove the livestock manure 

and waste in about four hours in a very short time. The mushroom bag and the living 

kitchen waste are completely decomposed into fertilizers, biomass fuels or feeds that 

are beneficial to the plant body and do not derivate secondary pollutants. The current 

traditional method requires 90 days of stacking period to be used for subsequent use 

of the bagged products. Technology applications can significantly reduce processing 

cycles and increase productivity. As the efficiency of the reaction increases and the 

proportion of space required to be used is relatively large, the space is saved and the 

cost of land is saved. The traditional current method can solve the problem of 

secondary pollution of the surrounding environment due to the long stacking period 

and large required floor space, and the application of the technology can effectively 

avoid this concern. 

 

 Traditional current way Reduction system research 

technology (this technology) 

Processing 

time 

Stacked for about 90 days 4 hours of fast automated processing 

Space 

requirement 

Stacking space requirements are 

very large 

Only need system space (small) 

Environmental 

pollution 

very serious None (in-house process) 

 

Source of profit: waste treatment + sales revenue of output products 

The current treatment methods for agricultural and animal husbandry waste and 

kitchen waste are mostly for customs clearance. Operators must additionally spend the 

cost of cleaning, carrying and disposal of the plant. Through this technology, this part 

of the budget is the technology. One of the sources of interest. The sales income of 

fertilizers, raw fuels or feed products that are completely decomposed and converted 

into poultry manure, discarded mushroom bags and living kitchen wastes is the 
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second source of income for technology application. 

 

 

Fertilizer partial cost profit conversion: 

Statistics 

• Philippines’s total swine inventory as of January 1, 2016, was 12.48 million 

heads.  

• As of January 1, 2016, total chicken population was 178.77 million birds  

• 10,000 hens will produce 650 tons of manure in a year, and 10,000 pigs produce 

5,183 tons of manure every year. 

• Average price of commercial fertilizer is approximately US$410/ton in Taiwan. 

 

Market Opportunity 

Assuming we process manure of 1% of the swine population (0.124 million pigs) or 

1% of chicken population, (1.78 million birds) on a yearly basis: 

• Total manure from pigs: 64,269 tons  

o Total fertilizers from pigs: 36,633 tons 

o Expected Income: US$15.01m per year 

 

• Total manure from chickens: 115,700 tons 

o Total fertilizers from chickens: 65,949 tons 

o Expected Income: US$27.03m per year 

 

Manure Treatment 

The production of 1 ton of manure per day is 0.57 tons. Based on daily conversion of 

2 tons of manure, 416.1 tons of fertilizer are produced annually. 

 

Requirements 

Space Area:      Approximately 2 x 40 ㎡ containers  

 

Costs 

[Fixed Cost] Digester Machine (1 ton):  US$150,000 

[Fixed Cost] Labor:     US$800/mth (US$400/mth x2 pax)  

[Variable Cost] reducing powder (1kg):   US$315/kg 

 

Income  
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Total Income (1 year):    US$170,601 

Total Fixed Labor Cost (1 year):  US$9,200 

Total Variable Cost (1 year):     US$131,072 

 

 


