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TEXTO 1 

DISCOVERIES OF MOLECULAR MECHANISMS CONTROLLING THE CIRCADIAN RHYTHM 

A key feature of life on Earth is its capacity to adapt to the environment. Different geographical 

locations have different environments and organisms adapt to the conditions that are prevalent at 

their location to enhance their survival. However, at any given location, profound changes in 

environmental light and temperature occur daily as a consequence of the rotation of the Earth on its 

axis. To adapt to such changes, most organisms have evolved an internal biological clock that 

anticipates day/night cycles and helps them optimize their physiology and behavior. This internally 

generated daily rhythm is known as “circadian”. Circadian rhythms are known to exist in life forms 

from unicellular cyanobacteria and protozoans to all multicellular organisms, including fungi, plants, 

insects, rodents and humans.  

Observations that organisms adapt their physiology and behavior to the time of the day in a circadian 

fashion have been documented for a long time and are commonly agreed to have begun with the 

observation of leaf and flower movements in plants. With time, many relevant physiological properties 

besides periodic leaf movements were found to be controlled by the physiological clock and the 

inheritance of circadian rhythms began to be considered as the product of natural selection.  

Seymour Benzer and his student Ronald Konopka embarked on studies to identify mutant fruit flies 

with altered circadian phenotypes. Unlike several geneticists and behavioral scientists of the time, 

Benzer firmly believed that specific behaviors may be influenced by the action of single genes and that 

it would be possible to demonstrate this by isolating organisms with altered behavior carrying 

mutations in individual genes. The three Nobel laureates, Jeffrey C. Hall, Michael Rosbash and Michael 

W. Young, in 1984 first isolated the "period gene" that regulates the internal clock of fruit flies. Hall 

and Rosbash found that this gene played a role in causing cells to produce what they named the PER 

protein, which accumulates throughout the night and breaks down during the day. They figured out 

that the period gene would cause the PER protein to build up until it switched off the period gene. 

Once protein levels degrade enough, the gene switches back on, coding for more protein production. 

Young found a second clock gene in 1994 called "timeless," which creates a protein that binds with the 

PER protein, giving it the ability to enter the cell nucleus to block activity. Another gene he discovered 

helps regulate this process to match a 24-hour cycle. 

In a string of subsequent discoveries Young found that the levels of timeless mRNA also cycled with a 

24h period, and that TIM could bind directly to PER, affecting its nuclear localization and abundance 

by blocking PER degradation. Importantly, the cycle of period expression was abolished in timeless 

mutant flies and, conversely, circadian cycles in timeless expression were lost in period mutant flies. 

These advances consolidated the basic conceptual framework of the TTFL (Transcription Translation 

Feedback Loop) as a mechanism for promoting circadian cycles in the autoregulation of clock genes. At 

the time, a transcriptional mechanism was not obvious, thus, the discovery of the self-sustained 

circadian TTFL represents a new paradigm.   
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TTFL mechanisms are also an underlying principle of circadian clocks in other multicellular 

organisms, including humans. Several homologues of the core clock proteins in Drosophila, including 

CLK and PER, play similar roles in mammalian circadian timekeeping. Although plants mainly use 

transcription factors that are not homologous to those in the Drosophila circadian clock, TTFLs is the 

unifying main principle.   

The circadian program is regulated at both a central and peripheral level. In mammals, the central 

pacemaker is located in the suprachiasmatic nucleus (SCN) of the hypothalamus and functions as the 

master circadian clock. The retina receives photic input and relays this information to the SCN, which 

synchronizes its own neuronal cellular clocks. The central clock regulates circadian rhythms across the 

entire body via humoral factors and the peripheral autonomic nervous system. However, the capacity 

for circadian gene expression is widespread throughout the body and most peripheral organs and 

tissues can express circadian oscillations in isolation. Thus, the circadian system of an animal 

resembles a clock shop rather than a single clock. This has raised the question of how so many clocks 

can be effectively synchronized. Peripheral clocks can be synchronized both by the SCN and by 

environmental cues, including feeding, physical activity and temperature. Peripheral clocks in different 

tissues control relevant physiological outputs, such as glucose production, fat storage and release of 

hormones. These, in turn, function as timekeeping cues for clocks in tissues throughout the body, 

ultimately feeding back to the SCN. Thus, the circadian system of an organism is a web of 

interconnected oscillators and feedback loops. The relationship between the central and peripheral 

clocks, and the multiple ways by which local and external cues affect them, is an active area of 

research open to new discoveries. 

Chronobiology has an impact on many aspects of our physiology. For example, circadian clocks help to 

regulate sleep patterns, feeding behavior, hormone release, blood pressure and body temperature. 

Molecular clocks also play critical roles locally in many tissues. Ablation of clock genes in animal 

models results in arrhythmic production of hormones, such as corticosterone and insulin (Son et al., 

2008). Clock genes also exert a profound influence on metabolism through the control of 

gluconeogenesis, insulin sensitivity and systemic oscillation of blood glucose. Sleep is vital for normal 

brain function and circadian dysfunction has been linked to sleep disorders, as well as depression, 

bipolar disorder, cognitive function, memory formation and some neurological diseases. In 5 rare 

cases, sleep phase disorders are due to mutations in circadian clock genes resulting in advanced or 

delayed sleep-wake cycles. Studies have indicated that chronic misalignment between our lifestyle and 

the rhythm dictated by our endogenous circadian clock may be associated with increased risk for 

various diseases including cancer, neurodegenerative diseases, metabolic disorders and inflammation. 

Efforts are underway to develop approaches in chronobiology and pharmacology to modify the period, 

phase or amplitude of circadian clocks to improve human health. 

Fonte: Adaptado de: Discoveries of Molecular Mechanisms Controlling the Circadian Rhythm. Disponível em: 
https://www.nobelprize.org/nobel_prizes/medicine/laureates/2017/advanced-medicineprize2017.pdf ; 
http://www.businessinsider.com/hall-rosbash-young-nobel-prize-physiology-medicine-circadian-clock-2017-10. Acesso em 
29 jan. 2018. 

 

https://www.nobelprize.org/nobel_prizes/medicine/laureates/2017/advanced-medicineprize2017.pdf
http://www.businessinsider.com/hall-rosbash-young-nobel-prize-physiology-medicine-circadian-clock-2017-10
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TEXTO 2 
 

CATALYZING NATIVE FOREST REGENERATION ON DEGRADED TROPICAL LANDS 

Tropical forest loss and degradation, as well as degradation of lands which formerly supported forest, 

are proceeding at unprecedented rates, eroding biological diversity and prospects for sustainable 

economic development of agricultural and forest resources. Each year, an estimated 15.4 million ha of 

tropical forests and woodlands are destroyed or seriously degraded, principally through agricultural 

expansion, uncontrolled livestock grazing, logging, and fuelwood collection. Estimated annual losses of 

forest cover range from 0.6 to 1.1% among tropical forest zones, with the greatest losses occurring in 

moist deciduous forests (6.1 m ha y−1) and in tropical rain forests (4.6 m ha y−1). Significant losses are 

also occurring in upland forest formations (2.5 m ha y−1) as well as in dry and very dry forest zones 

(2.2 m ha y−1). 

Degraded tropical lands, i.e. lands where vegetation removal or modification and loss of soil 

productivity through human disturbance has had a negative impact on local or regional ecologies and 

economies, are estimated at 2077 million ha. Of this total, an estimated 79% (1651 m ha) are 

desertified drylands, and the remainder are logged forest (6.6%), forest fallow (9.8%) and deforested 

watersheds (4.2%). This represents approximately 43% of the total land area and is slightly greater 

than the total estimated forest area in the tropics.  

To date, tropical forest rehabilitation efforts have tended to focus on the development of forestry and 

agroforestry systems aimed at maximizing production of a very limited number of species, or 

restoration plantings (usually at considerable cost) that aim to recreate the diverse forest ecosystem 

believed to have once occupied the site. However, there is increasing evidence that forest plantations 

can play a key role in harmonizing long-term forest ecosystem rehabilitation or restoration goals with 

near-term socio-economic development objectives. Recent studies have shown that plantations can 

facilitate, or `catalyze', forest succession in their understories, particularly where silvicultural 

management was neglected, on sites where persistent ecological barriers to succession would 

otherwise prelude recolonization by native forest species.  

Given the information currently available, careful selection of sites and cost/benefit analysis will be 

needed should any government, commercial company or NGO wish to give rehabilitation through 

catalytic tree planting a trial. Degraded sites to be favored should be those formerly cleared of all, or at 

least most, tree and shrub roots, e.g., land cleared for pasture or commercial crops such as sugar cane 

or bananas. Potential users of this technique must determine distances from the nearest natural forest 

remnants and give priority to sites with distances advantageously disposed to seed vectors. 

Once sites are chosen, careful selection of planted species is required. While most species appear to act 

as catalysts, broadleaf species seem to give better results than conifers. Of these, fast growing pioneer 

species should have preference, particularly those known to establish and grow well on degraded 

sites, e.g., Acacia mangium on imperata grassland sites in the tropics. In many regions, however, there 
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is a real danger that some plantation species (notably certain Acacia species and Leucaena 

leucocephala) could `escape' from cultivation and become established as weedy invader plants well 

beyond the rehabilitation target area. Therefore, candidate plantation species should be screened for 

their potential to become problematic weeds in relation to local and regional floristics and 

`invasibility' of surrounding ecosystems. Where possible, native species should be given preference 

over exotics, in part to help minimize this risk. Seedlings should be of good quality and spacing chosen 

to favor early canopy closure. Plantation establishment costs need to be kept as low as possible 

consistent with good survival and growth. Similarly, post-plantation treatments should be minimized, 

provided canopy development of the planted trees is proceeding well. 

There is strong evidence that plantations can facilitate forest succession in their understories on 

degraded sites through modifying microclimatic conditions, stimulating accumulation of organic 

carbon in the soil surface layers and increasing structural complexity. Changes in light, temperature 

and moisture at the soil surface provides conditions to enable germination and growth of seeds 

transported to the site by wind, wildlife and other vectors from adjacent forest remnants. 

Fonte: Adaptado de: Catalyzing native forest regeneration on degraded tropical lands. Disponível em: 
https://www.sciencedirect.com/science/article/pii/S0378112797001904. Acesso em: 29 jan. 2018. 
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QUESTÕES 
 
As questões de 1 a 5 referem-se ao TEXTO 1: 
 
1) Analise as afirmativas abaixo e assinale a seguir. 

I.  O relógio biológico auxilia na adaptação dos organismos a diversos ambientes. 

II.  O ritmo circadiano está presente em organismos acelulares, unicelulares e pluricelulares. 

III.  O ritmo circadiano é uma descoberta recente. 

IV.  O ritmo circadiano começou a ser observado em moscas de frutas. 

V.  O relógio fisiológico controla o movimento das folhas. 

(A) Apenas I e III estão corretas. 

(B) Apenas II, III e IV estão corretas. 

(C) Apenas I e V estão corretas. 

(D) Todas estão corretas. 

2) Todas as opções abaixo representam descobertas individuais ou coletivas de Jeffrey C. Hall, 
Michael Rosbash e Michael W. Young, EXCETO: 

(A) Os genes únicos influenciam comportamentos específicos. 

(B) O gene do período faz com que a proteína PER aumente até que ela o desligue. 

(C) O gene “atemporal”, ao unir-se a proteína PER, torna possível o bloqueio da atividade no núcleo da    

        célula. 

(D) O TTFL é um mecanismo de promoção dos ciclos circadianos na autorregulação dos genes-relógio. 

3) Assinale a alternativa CORRETA: 

(A) ‘its’, em ambas as ocorrências grifadas no 1° parágrafo, refere-se a ‘Terra’.  

(B) ‘it’, grifado no 3° parágrafo, refere-se a ‘proteína PER’.  

(C) ‘these’, grifado no 6° parágrafo, refere-se a ‘relógios periféricos’. 

(D) ‘them’, grifado no 6° parágrafo, refere-se a ‘sinais locais e externos’. 

4) Como o controle do programa circadiano ocorre no nível central? 

5) De que forma os relógios circadianos e os genes-relógio impactam a fisiologia humana? 
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As questões de 6 a 10 referem-se ao TEXTO 2: 

6) Os dados estatísticos, apresentados pelo autor nos dois primeiros parágrafos, afirmam: 
 
(A) A expansão agrícola, a pastagem descontrolada, a exploração madeireira e a coleta de lenha são os  

        principais responsáveis pela degradação anual de 15,4 milhões de ha de florestas. 

(B) 4.6 milhões de ha y-1 são perdas anuais de cobertura florestal ocorridas nas florestas decíduas  

        úmidas. 

(C) 2077 milhões de hectares de terras degradadas são compostos por terras áridas. 

(D) As florestas em pousio e as bacias desmatadas são equivalentes a 43% do total da área terrestre. 

7) Quais as vantagens do plantio para a restauração florestal ? 

8) Analise as afirmativas abaixo sobre ‘catalytic tree planting’ e assinale a seguir. 

I.  As áreas e o custo benefício devem ser considerados. 

II.  Locais previamente desmatados devem ser favorecidos. 

III.  Locais com distâncias favoráveis para vetores de semente devem ser priorizados. 

(A) Apenas I está correta. 

(B) Apenas II está correta. 

(C) Apenas I e III estão corretas. 

(D) Todas estão corretas 

9) Sobre a seleção das espécies para plantio, é CORRETO afirmar: 

(A) As plantas coníferas apresentam resultados melhores comparadas às de folhas largas. 

(B) Algumas espécies de Acacia e Leucaena leucocephala podem agir como plantas daninhas invasoras. 

(C) Espécies nativas apresentam maior risco de tornarem-se ervas daninhas. 

(D) A sobrevivência e crescimento das espécies são fatores prioritários independente do custo.  

10) De que maneiras os plantios podem facilitar a sucessão ecológica em áreas degradadas? 
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RASCUNHO 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


