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Written By: Ray Luo

 

Tossups

1. Described by Zinkernagel and Doherty, these molecules are divided into a class of beta chain invariants with 6 different alpha chains, and a class of 12 variants with different alpha and beta chains that display external proteins digested by the cell. Class I, found on all cells, interacts with cytotoxic T cells and leads to tissue transplant rejection, while class II, found on macrophages and B cells, interacts with helper T cells that activate humoral immunity. For ten points, name these protein complexes that play an important role in immune system activation.

ANSWER: major histocompatibility complex (or) human leukocyte antigen
 

2. Its nonspecific portion contains the parafasciular complex and the centre median, both part of the intralaminar system. It is gated by the somatotopically organized nucleus reticularis, and its ventral posterolateral nucleus receives the posterior columns. It takes mammillary input and sends it to the cingulate cortex, while also taking inputs from the basal ganglia and cerebellum and relaying them to the premotor and motor cortices. Also playing a role in sleep, For ten points, name this part of the brain, whose lower middle position supports its role as the brain's relay station.

ANSWER: thalamus
3. Its structure was the first deduced by x-ray diffraction by Kendrew. Its Richardson ribbon representation shows a single polypeptide of 8 alpha helix segments joined by beta turns, 153 residues in all. Found in muscles of diving mammals, it has a hyperbolic binding curve. Consisting of a histidine bound to 1 of the 6 coordination sites of iron II at the center of a protoporphyrin ring, For ten points, name this protein whose heme group binds to oxygen, similar to the beta chain of hemoglobin.

ANSWER: myoglobin
4. In Holothurians its only opening is internal, while its button-shaped madreporite is external in most other species and leads directly to the stone canal.  Its radial canals then follow the ambulacral ridge to the rows of sac-like organs known as ampullae, whose contraction provides the suction necessary to operate their attached tube feet.  For ten points, identify this hydraulic system possessed by Echinoderms such as sea urchins and starfish.

ANSWER: water vascular system
5. Sec 61 alpha is part of the nonpeptidase partion of its translocon, which is joined to an alpha SRP receptor that binds the hinged signal recognition particle GTPase on a ribosome. A dolichol phosphate carrier is flipped from its cytosolic to its luminal side, serving as a scaffold assembly for various oligosaccharides before they are transferred to an asparagine residue on nascent polypeptides. Site of synthesis of mucoproteins in the intestine, serum proteins in the liver, and steroids in the smooth derviative, For ten points, name this membranous organelle where post-translational modification takes place, whose rough derivative is lined with ribosomes.

ANSWER: Endoplasmic Reticulum

6. Binding to the P-loop of a Rossmann fold, its triple-phosphate analog is reduced in noncyclic, but not in cyclic, photophosphorylation. Niacin is needed for its synthesis, and its oxidation by oxygen gas provides 50 kcal of energy. Six of them are reduced for every glucose molecule passed into the Krebs Cycle while only two are provided by glycolysis. Made of an adenine bounded to two phosphate groups, two riboses, and nicotinamide, For ten points, name this energy-carrying molecule that acts as fuel for oxidative phosphorylation.

ANSWER: nicotinamide adenine dinucleotide (or) NADH
7. Though it can be brought about through virulent means, this event is normally initiated in adult males every seven years. While the physical process is elective at all other times in life, progression of this condition leads to plak tow, the blood fever, causing insanity and obsession. Originally, the desire to return to one’s homeworld was necessary but was overcome in the cases of T’Pol and Tuvok. For ten points, name this Vulcan condition, famously experienced by Spock in "Amok Time," an urge to mate which leads to death if ignored.

ANSWER: pon farr
8. The supertwisting of this protein is left-handed. Rich in hydrophobic residues that join together its coil structure, it makes up protofilaments, which are part of protofibrils. Crick and Pauling postulated its double-stranded structure oriented in parallel, linked by disulfide bonds. Its beta form, rich in beta sheets, is prevalent in the harder skin and shells of reptiles while the softer alpha form is found in mammals. For ten points, name this fibrous protein constituting wool, nails, and hair.

ANSWER: keratin
9. In the substantia nigra, it leads to phosphorylation of the phosphatase 1 inhibitor DARPP-32. Mimicked by SNP and S-nitrosothiol, it is induced by calmodulin, which becomes active when N-methyl-d-aspartate receptor opens to let in calcium. Bound by hemoglobin, it activates guanylyl cyclase to make cyclic GMP, similar in effect to carbon monoxide in relaxing smooth muscle. Formed via a cysteine-nitroglycerin reaction, For ten points, name this gas and second messenger linked to Viagra, not to confused with a similar anaesthetic gas.

ANSWER: nitric oxide (do not accept “nitrous oxide”)
10. Its pace and duration is dictated by chemicals produced by a pair of glands known as the corpora allata, which secretes a chemical known as JH until its completion.  Species of the superorder Endopterygota undergo a variety of it known as holometaboly, in which it is guided by patches of embryonic tissue known as imaginal discs, while its hemimetabolous variety witnesses the gradual development of instars into the sexually mature imago via regular moultings.  Either “complete” or “incomplete”, for ten points, identify this process in which a nymph or pupa transforms into an adult insect.

ANSWER: metamorphosis 
11. Their growth is directed by an organelle known as the Spitzenkorper, while adjacent ones often form clamp connections.  Species in which only generative ones appear are known as monomitic.  Many of them contain nutrient-absorbing tips known as haustoria, and in coenocytic species hundreds of them may combine to form a continuous cytoplasmic mass.  Typically divided by septa composed of chitin and collectively onstituting the mycelium, for ten points, identify these branching filaments that are the basic building blocks of all fungi.

ANSWER: hyphae
  

12.  Tim Raines is a noted person with this disease, whose symptoms include arthritis, fever, and inflammation in various organs of the body, which helps lead to its classification as a “Great Imitator.” This disorder, which affects nine times as many women as men, can be drug-induced resulting from hypersensitivity to a medication. One of the prominent diagnostic indicators for this disease is the presence of a “butterfly rash” which gets worse in sunlight.  Name, for ten points, this chronic autoimmune disorder, abbreviated SLE, which is never the actual cause of disease according to Dr. Gregory House. 

ANSWER: Systemic lupus erythematosus (Though it was the cause in the recent House episode "You Don't Want to Know")

13. They can be phosphorylated at serines, ubiquitinized at lysines, and methylated at arginines, the last of which prevents acetylation of N-termini. In nucleated red blood cells of birds, the 5 class replaces the 1 class, the only one to differ widely in sequence among organisms. Rich in positive basic residues, they form pairs of 2A, 2B, 3, and 4 classes together in octamers, binding 147 base pairs of DNA wrapped twice around them. Containing C-terminal tails required for chromatin condensation, For ten points, name these nucleosomal proteins acting as beads on a DNA string.

ANSWER: histone
14. It is the basis for the sequenator, whose 99% efficiency allows 50 cycles to proceed without too many impurities. This procedure reacts phenylisothiocyanate with the N-terminus, resulting in a thiourea functional group that is then treated with acid to form a phenylthio-hydantoin derivative that separates from the chain. After purifying, the remaining peptide fragment goes through this process again, allowing all amino acid residues to be sequenced. For ten points, name this procedure improving upon Sanger degradation.

ANSWER: Edman degradation

15. While karotyping is the definitive diagnostic tool for this disease, early symptoms are swollen hands and feet in newborns, as well as a wide, webbed neck. Symptoms later in life include drooping eyelids and absent or incomplete puberty leading to undeveloped sexual organs and absent menstruation. Occurring in 1 of every 2000 live births, For ten points, identify this genetic abnormality caused by an absent or incomplete X chromosome.

ANSWER: Turner’s Syndrome

16. In E. coli, this process begins with cooperative binding of DnaA to a 9 basepair repeat, recruiting DnaB and its loader to bind and melt adjacent AT rich repeats. Binding and action of DnaG to both strands creates the necessary 3’-hydroxyl for this process, though DnaG will continually act on the “lagging strand.” Theta and rolling circle are both types of, For ten points, what process of copying the genome of an organism?
ANSWER: DNA replication
17. Its inner layer becomes the ora serrata, and its posterior surface contains a physiological cup. Anteriorly, it becomes the ciliary body, which lies close to the canals of Schlemm where the aqueous drains. It contains a layer of calcium-spiking, process-lacking amacrine cells and a layer of hyperpolarizing horizontal cells, as well as both hyper and depolarizing bipolar cells. Containing a spot of macula lutea and lying in vitreous humor, it lies above the choroid and sclera and has a spot where ganglion cells leave as the optic nerve. Rods are rich in the periphery, while cones inhabit the fovea centalis of, For ten points, what layer of pigments and receptors in the eye?
ANSWER: retina (prompt on "eye" before "amacrine")

18. Xerophytes with inadequate water supply accumulate this amino acid to lower the osmotic potential required to extract water from the soil. Aliphatic but not averse to water, its inability to hydroxylize without vitamin C in collagen causes scurvy. Derived from glutamate, it is found at the bends of folded protein chains such as beta turns. With a side chain bonded both to the alpha carbon and the alpha amino group, For ten points, name the only ringed aliphatic amino acid.

ANSWER: proline
19. Bernard O. Phinney of UCLA studied their effect on dwarf strains of corn and found that they had no role in the development of roots, leaves, and flowers. They cause seedless fruits to grow to normal size, bring buds out of winter dormancy, stimulate flowering in some plants, and promote seed germination. Responsible for bolting in biennial plants, they were discovered when a farmer named Konishi noted that bakanae disease in rice produced "foolish seedling." Isolated by Eiichi Kurosawa, For ten points, name this class of over 100 plant hormones whose A-1 variety controls stem elongation.

ANSWER: gibberellins

20. Bound to serum albumin in vertebrates, their double bonds are unconjugated and cis, and are usually separated by a methylene and found, if at all, at C-9, C-12, and C-15. The 12 carbon lauric, 14 carbon myristic, 16 carbon palmitic, and 18 carbon stearic types have high melting points, while 18:1-delta-9 oleic and 18:2-delta-9,12 linoleic acids have low melting points due to kinks produced by double bonds. Found in triglycerides and waxes, For ten points, name these carboxylic acids with unsaturated or saturated hydrocarbon chains, a type of lipid found in oils and lard.

ANSWER: fatty acids


21. The guanine exchange factor of this molecule is Sos, which is recruited by the SH2 protein Grb2 when activated by dimerized receptor tyrosine kinases. It activates the MAP Kinase Kinase Kinase Raf, which phosphorylates MEK, which phosphorylates MAP kinase to allow dimerization and leads to phosphorylation of transcription factors like Elk-1, which lead to transcription of cell proliferation genes via Fos and Jun. Downstream from Src in focal adhesions, it is responsive to growth factors. For ten points, name this GTPase protein whose mutation results in an important oncogene, whose activated GAP form results in cancer.

ANSWER: Ras

22) This organism contains a plastid acquired from green alga, but is categorized as a parasitic protozoan. Blocked by chloroquine, it takes a merozoite form with changing surface proteins in human blood and liver, leaving gametocytes to be picked up by Anopheles, where the zygote produces a cyst that divides into sporozoites with an apex of organelles specialized for host penetration into the salivary gland of mosquito. The most prominent member of the apicomplexans, For ten points, name this protist with an elaborate life cycle in humans and mosquitoes, the cause of malaria. 

ANSWER: Plasmodium
23) It includes outlets like the central and lenticulostriate to the internal capsule and the labyrinthine to the internal ear. It is joined by the posterior and anterior communicating arteries, and anterior inferior and superior cerebellar arteries are given off by its anchor. The basilar artery divides into the posterior cerebrals, which are linked, via the posterior communicating artery, to the internal carotid; the middle and anterior cerebrals, branching from the internal carotid, surround the optic chiasm, the pituitary, and the mammillary bodies. For ten points, name this vascular loop also called circulus arteriosus. 

ANSWER: circle of Willis (prompt on "circulus arteriosus" before it is mentioned)

Bonuses:

1. It has the second largest number of species for any animal phylum.  For ten points each:

[10] Identify this group of invertebrates that includes clams, snails, and squid.

ANSWER: mollusks (or) Phylum Mollusca 
[10] Perhaps the most notable molluscan feature is this fold of hardened tissue along the organism’s dorsal side.  In most species it secretes mother of pearl to form a calcium carbonate shell.

ANSWER: mantle
[10] Another uniquely-molluscan feature is this feeding organ.  It has many rows of chitinous teeth, and can be extended like a tongue from its location just inside the mouth.

ANSWER: radula 
2. Name these types of cell signaling, for ten points each.

(10) In this type of signaling, hormones act on cells distant from the site of secretion by the namesake organs, carried usually by blood or lymph.

ANSWER: endocrine
(10) This type of signaling involves targeting nearby cells, as in neurotransmitter signaling and growth factor signaling.

ANSWER: paracrine
(10) In this type of signaling, cells respond to molecules secreted by themselves, as in tumor cells with growth factors.

ANSWER: autocrine
 

3.Its states that, when two different species compete for the same set of resources, the more efficient use of those resources by one of the two species will eventually push the other towards extinction.  For ten points each:

[10] Name this fundamental principle of evolutionary biology, sometimes referred to as Gause’s Law.

ANSWER: competitive exclusion principle

[10] In most cases, competitive exclusion merely forces the less efficient species into a distinct secondary niche, a phenomenon known as this.

ANSWER: character displacement 
[10] A population’s shift into such a secondary niche is oftentimes facilitated by this phenomenon, in which a preexisting structure is used in a new innovative way.

ANSWER: preadaptation 
4. Their biphasic response and transmitter release only during depolarization allow them to phase lock to the auditory stimulus, a cue for interaural time differences. For ten points each:
(10) They follow waveforms at low frequencies and respond in a DC manner above 3 kHz. Name these cells containing stereocilia joined by tip links that open channels when stretched, mediating sound detection on the basilar membrane.

ANSWER: hair cells

(10) Apical tip links allow ions of this element to flow in to hair cells from the scala media. It also flows out to the scala tympani at the basal end before allowing calcium influx caused by depolarization. In neurons it mediates hyperpolarization.

ANSWER: potassium
(10) Otoacoustical emissions of the cochlea cause spontaneous activation of primarily inner hair cells, contributing to this phenomenon- the ringing in the ears.

ANSWER: tinnitus
5. Answer the following about the origin of life on Earth. For ten points each.
(10) As part of their theory on the origin of life, Alexander Oparin and J. B. S. Haldane contended that early Earth had a reducing atmosphere and little ozone to prevent the penetration of this radiation, which energized the primeval soup.

ANSWER: Ultra Violet radiation

(10) By dripping dilute solutions of organic monomers onto hot sand, Sidney Fox of the University of Miami made these short polypeptides fragments. They also form microsphere droplets when subsequently exposed to cold water.

ANSWER: proteinoids

(10) Gunter Wachtershauser proposed that this substance related to marcasite could have catalyzed abiotic synthesis of organic polymers by providing iron and sulfur as catalysts on a lattice of binding sites.

ANSWER: iron pyrite (accept “fool’s gold”)

6. Name these parts of the reproductive system. For ten points each.

(10) Also called salpinges and oviducts, these tubes run away from the ovaries and the fimbria to the uterus, and are the most common site of fertilization.

ANSWER: fallopian tubes

(10) This epithelial lining of the uterus is where the blastocyst implants and proliferates, eventually becoming part of the placenta.

ANSWER: endometrium
(10) These glands produce milk for the breasts. Their areoli form lobules that connect to the nipples via the lactiferous duct.

ANSWER: mammary glands 

7. Identify these terms related to how cells gain energy. For ten points each.

(10) These are sunlight-trapping prokaryotes that obtain carbon from carbon dioxide, making food for heterotrophs to consume.

ANSWER: autotrophs

(10) This type of chemotrophs includes sulfur and hydrogen bacteria that oxidize inorganic fuels.

ANSWER: lithotrophs

(10) Like more complex multi-cellular organisms, many protazoans engulf bacteria, microorganisms, and particulate organic materials via this process.

ANSWER: phagocytosis 

8. Identify these unrelated genetic phenomena, for ten points each. 

[10] This occurs when a heterozygous genotype displays a phenotype between that of the two homozygous conditions.  The classic example is the color of snapdragon flowers, where the petals of hybrids are pink instead of red of white. 

ANSWER: incomplete dominance (do not accept “codominance”) 

[10] This occurs when one gene alters or completely negates the expression of another distinct gene. Its name translates as “standing upon” 

ANSWER: epistasis  

[10] This is the movement of alleles, known as transgenes, between the gene pools of two related species.  It is common in plants and utilized in hybridization. 

ANSWER: introgression  

9. Arnon found that ATP is generated here, while Albert Frenkel detected the analogous reaction of photo-phosphorylation in chromatophores. For ten points each.

(10) Derived from photosynthetic bacterium, name the organelle, similar to prochlorophytes that has no phycobilins, that uses chlorophyll to harvest light.

ANSWER: chloroplast
(10) In 1966 this Johns Hopkins professor showed that incubation of chloroplasts in acidic pH, followed by alkaline pH, generates ATP from ADP, even in darkness.

ANSWER: Andre Jagendorf
(10) Instead of splitting water, green sulfur bacteria's iron-sulfur type photosystem, similar to PS I, oxidizes this substrate and converts it to sulfur.

ANSWER: hydrogen sulfide [or H2S]

10. Name these X-linked conditions. For ten points each:
(10) This type of coloring is prevalent in females. and is a result of X-inactivation which causes expression of both dominant and recessive genes.  The result is a coat of fur with both black and orange patches.

Answer: Calico (or) tortoiseshell
(10) In this type of muscular dystrophy, deficiency in the muscle protein dystrophin causes muscle degeneration and weakness. It is not as common as the myotonic dystrophy that demonstrates genetic anticipation.

ANSWER: Duchenne
(10) According to the CDC, this X-linked disorder is the most common cause of intellectual disability, caused by over-methylation of a portion of the X chromosome. Physical symptoms include elongated face and large head, with prominent ears, chin, and forehead.

ANSWER: Fragile X Syndrome 

11. Ways of analyzing transcription. For ten points each:
(10) Also known as run-on transcription analysis, this method determines the extent to which a gene is expressed by incubating nuclei with labeled ribonucleosides triphosphates for an amount of time, during which RNA polymerase incorporates them into new RNA chains.

ANSWER: nascent-chain analysis

(10) A series of genes shortened upstream of the transcription start site are put into a plamid vector with a reporter gene like green flourescent protein, and used to transfect cultured cells. It allows identification of upstream control elements.

ANSWER: 5'-deletion analysis

(10) After nascent-chain analysis with hybridization to smallest binding region, this site can be narrowed down by cutting the region with two or more restriction enzymes and allowing transcription to proceed, then counting nucleotides obtained by gel electrophoresis, giving us the position of the eventual 5' G cap.

ANSWER: start site (or) initiation site (accept equivalents)

12. Answer the following about membrane transport. For ten points each:
(10) The partition coefficient, or equilibrium constant for partition between oil and water, is dependent on this measure of lipid-solubility. The higher this is, the faster it diffuses across a pure phospholipid bilayer in any concentration gradient.

ANSWER: hydrophobicity
(10) ATPases catalyzes this type of transport of molecules against their electrochemical gradient by coupling to an energetically favorable process.

ANSWER: active transport

(10) This type of transport mediates facilitated diffusion of specific molecules with a specific Km and a maximum rate determined by the number of channels in the membrane. One example is the uptake of glucose by erythrocytes.

ANSWER: uniport transport

13. Identify the following membranous organelles. For ten points each:
(10) As they metabolize they create their namesake dangerous compounds, which contain two oxygens. They have a single membrane and a granular interior and are formed on the rough ER.

ANSWER: peroxisome
(10) This empty-looking membrane-enclosed structure actually stores dissolved substances and waste for plant cells, making them rigid and sometimes poisonous.

ANSWER: vacuole
(10) Found in young plants, this organelle is the site where stored lipids are converted into carbohydrates for transport to growing cells.

ANSWER: glyoxysome
14. Identify the following geographical features of the human brain. For ten points each.

(10) This bundle of axons connects the corresponding points of the right and left cerebral hemispheres. Patients for whom this is cut are said to be split-brain subjects because they have problems coordinating sensory and motor actions requiring both hemispheres.

ANSWER: corpus callosum
(10) This sulcus separates the parietal from the frontal lobe, demarcating the boundary between the sensory cortex and the motor cortex.

ANSWER: central sulcus

(10) This larger sulcus demarcates the temporal lobe. It runs from near the optic chiasm at the anterior end to the occipital V2 area at the posterior end.

ANSWER: Sylvian fissure [or lateral sulcus]

15. Name these forms of enzyme inhibition. For ten points each.

(10) Maximum rate remains the same while K_m is multiplied by a constant > 1 in this form of inhibition by an uncatalyzed compound that resembles the substrate.

ANSWER: competitive inhibition

(10) The Lineweaver-Burk slope remains the same while the maximum rate and Km both decrease in this form of inhibition that binds only to the enzyme-substrate complex.

ANSWER: uncompetitive inhibition

(10) The Lineweaver-Burk slope increases in this form of inhibition that binds to either the complex or the enzyme. An intermediate between the two previous forms, its special case is called noncompetitive inhibition when K_m does not change.

ANSWER: mixed inhibition

16. Identify the following involved in the study of epilepsy. For ten points each.

(10) Epilepsy is characterized by this synchronized excitation of large groups of nerve cells. They may be caused by trauma, injury, chemical changes, or mutations in ion channels.

ANSWER: seizure
(10) This recording of spontaneous brain potentials, or brain waves, distinguishes between different types of seizures like grand mal, petit mal, and complex partial.

ANSWER: electroencephalogram (or) EEG
(10) Scientists study seizures by repeated electrical stimulation of animal brain regions over several days to provoke epileptic seizures. Name this process of establishing spontaneous seizure activity.

ANSWER: kindling
17. Name these intermediates early in the Krebs cycle. For ten points each.

(10) Its namesake synthase binds to low concentration oxaloacetate, which induces a binding site for acetyl coA, whose acetyl is joined to the oxaloacetate carbonyl to form a citroyl coA intermediate, which degrades into coenzyme A and this molecule.

ANSWER: citrate (or) citric acid
(10) The iron-sulfur center of aconitase binds citrate and dehydratizes it to cis-aconitate, which is then rehydratized into this isomer of citrate, through reversible addition of water across the double bond.

ANSWER: isocitrate
(10) The NAD and NADP isozymes of isocitrate dehydrogenase both decarboxylize isocitrate and reduce electron carriers, removing carbon dioxide to form this ketone-containing molecule that serves as a precursor to glutamate, which can form proline and purines.

ANSWER: alpha-ketoglutarate
18. People associated with heredity. For ten points each.

(10) This American formulated the chromosomal theory of heredity with genes arranged in linear arrays, working with his students Sturtevant, Bridges, and Muller on fruit flies.

ANSWER: Thomas Hunt Morgan
(10) This German coined the terms genotype and phenotype, and pretty much, that's all he did.

ANSWER: Wilhelm Johannsen
(10) This Briton initiated the twin study and proposed that close family relations tend to have comparable intellectual abilities in his 1869 work Hereditary Genius.

ANSWER: Francis Galton
19. Name these enzymes. For ten points each.

(10) A polypeptide covalently linked to a heme group, this electron transport chain enzyme applies electrons to oxygen, and is made of only alpha helices and beta turns.

ANSWER: cytochrome c
(10) Found in egg white and human tears, this polysaccharide-cleaving agent with 4 disulfide bonds lyses bacterial cell walls.

ANSWER: lysozyme
(10) Secreted by the pancreas, this enzyme also with 4 disulfide bonds is made of mostly beta sheets, and catalyzes digestion of nucleic acids.

ANSWER: ribonuclease
20. Terms used in the study of enzymes. For ten points each.

(10) This value is defined as the number of enzymes per milligram of total protein, and measures the purity of the enzyme mixture.

ANSWER: specific activity
(10) This type of substitution in the amino acid residues of an enzyme preserves side chain properties like polarity and charge, yielding a homologous enzyme.

ANSWER: conservative substition

(10) This refers to enzymes that have different amino acid sequences in the population, but all forms perform the same duty.

ANSWER: polymorphic
21.Identify the following about the anatomy of fish.  For ten points each:

[10] This organ, which may be physostomous or physoclistous, is an air-filled sac that affords some fish a limited amount of control over their buoyancy.  They evolved into the lungs of tetrapods.

ANSWER: swim bladder (accept “gas bladder”)

[10] Swim bladders are unique to members of this most numerous class of fish, also known as bony fish.

ANSWER: Class Osteichthyes
[10] Found in all bony fish is this mechanoreceptor organ.  It is composed of sensitive cells known as neuromasts, which are set within two long grooves on the animal’s sides.

ANSWER: lateral line system

