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I . Grammar and Structure: Choose the best answer to complete each sentence
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1. Unlike competitive runners, race walkers
(A) must to always keep

(C) always must to keep
(E) always must keeping

2. When babies are around fifteen months old, they can pick up objects and put
(A) it

(B) that

5 points.

b RTEE 0 RBA R JoA o

some portion of their feet in contact with the ground
(B) must always keeping

(D) must always keep

into small containers.
(C) themselves (D) their own (E) them
3. For centuries large communities of people on houseboats in parts of the world where the climate is warm and the
waters are calm.
(A) have been living (B) could have lived
(C) might have been living (D) have living (E) have been lived
4. Noise is a psychological term unpleasant, unwanted or intolerable sound
(A) be referred to (B) referring with (C) referring to
(D) referred for (E) referred as

5. The pain-killing agent most commonly administered in dentistry is the local anesthetic
specific area.

(A) who be produced  (B) which produces

21 points.

I . Definition and Synonym: Choose the word or expression that is closest in meaning to the underlined word or
expression in each sentence.
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(C) where produces

6. They took him to a doctor, who prescribed an antibiotic and did a blood test
(A) recommended

(B) prepared (C) gave

7. He spent most of each night poring over medical journals from around the world
(A) falling asleep

(B) skimming quickly  (C) studying intensely (D) searching for

8. That inspired her to come up with an innovative treatment
(A) radical (B) quick

9. Soon the students became immersed in their work
(A) overwhelmed

(C) effective

(B) totally absorbed (C) lost

10. Of 100 newly released CDs, only about 12 have warning labels
(A) sold (B) recorded (C) issued

11. An assistant transcribed his notes into legible reports
(A) interesting (B) brief

(C) formal
12. Farmers fertilize their soil to make it more productive
(A) sow (B) reap

(C) enrich

"
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(D) that be producing

loss of feeling only in a

(E) which is produced

Bl RA®EE S ALL AL o

(D) injected

(E) researched

(E) sending out

(D) complicated (E) ingenious
(D) obsessed (E) bored
(D) produced (E) received
(D) readable (E) theoretical
(D) ruin (E) dig




13. The adverse effects of this drug, including dizziness, nausea, and headaches, have caused it to be withdrawn from the
market.
(A) deadly (B) harmful (C) expensive (D) many (E) different

14. Children who move to a foreign country adapt much more easily than their parents, soon picking up the language and
customs of their new home.
(A) adjust (B) struggle (C) become bored (D) learn (E) enjoy

15. Changes in such abilities as learning, reasoning, and thinking are aspects of cognitive development.
(A) physical (B) spiritual (C) mental (D) emotional (E) academic

16. A person can be very intelligent and yet be deficient in common sense.
(A) lucky (B) well supplied (C) overqualified (D) lacking (E) interested

17. Two people claimed that injuries from the impact had left them incapacitated.
(A) hurt (B) disabled (C) unharmed (D) in pain (E) dull

18. The second claimant was not even in the car at the time of the collision.
(A) accident (B) injury (C) investigation (D) clash (E) robbery

19. A microscope magnifies invisible objects so we can see them.
(A) reduces (B) induces (C) obtains (D) enlarges (E) focuses

I . Vocabulary and Usage: Choose the best answer to complete each sentence. 21 points.
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20. It is not always necessary for adults to in children’s fights; sometimes it is best to let children handle quarrels
themselves.
(A) invent (B) include (C) demand (D) intervene (E) deserve
21. A new design of contact lens which blocks certain wavelengths of light gives athletes
(A) a disadvantage (B) ajob (C) a outlook (D) a look (E) an edge
22. Healthcare professionals need to fully patients in order to place them in appropriate programs.
(A) hide (B) prove (C) find (D) assess (E) greet
23. What people say may not accurately what they are actually feeling.
(A) return (B) remote (C) reflect (D) recruit (E) rejoice
24. The dentist’s secretary called this morning to your next appointment.
(A) conclude (B) confirm (C) promote (D) include (E) review
25. Cancer cannot be from one person to another.
(A) offered (B) abused (C) deserved (D) reduced (E) transmitted
26. Michael is going to spend two years in one of the American branches of his company in order to his career.
(A) attack (B) replace (C) advance (D) provide (E) spread
27. Mary has just been accepted in the Harvard Law School.
(A) available (B) relative (C) success (D) prestigious (E) impulsive

28. He refused to eat anything until his nose has cleared it as

(A) disgusting (B) comfortable (C) sneaky (D) edible (E) erasing
29. We must their passion for knowledge.

(A) decode (B) carve (C) spell (D) cultivate (E) gather
30. The young woman was by the threatening phone calls.

(A) encouraged (B) described (C) realized (D) enlarged (E) disturbed
31. On Christmas Eve, the children were so to open their presents that they could not fall asleep.

(A) horrified (B) confused (C) timid (D) troubled (E) anxious

"
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32. 1 wish | your advice, but | didn’t pay attention to you at that time.

(A) would take (B) took (C) would have taken
(D) had taken (E) have taken

33. The captain showed remarkable in continuing to lead his men despite a painful wound.
(A) fortitude (B) fort (C) brave (D) courageous (E) longitude

IV. Reading Comprehension: Choose the best answer. 33 points.
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Criticism of research lays a significant foundation for future investigative work, but when students begin their own
projects, they are likely to find that the standards of validity in field work are considerably more rigorous than the standards for
most library research. When students are faced with the concrete problem of proof by field demonstration, they usually
discovered that many of the “important relationships” they may have criticized other researchers for failing to demonstrate are
very elusive indeed. They will find, if they submit an outline or questionnaire to their classmates for criticism, that other
students make comments similar to some they themselves may have made in discussing previously published research. For
example, student researchers are likely to begin with a general question but find themselves forced to narrow its focus. They
may learn that questions whose meanings seem perfectly obvious to them are not clearly understood by others or that questions
which seemed entirely objective to them appear to be highly biased to someone else. They usually find that the formulation of
good research questions is a much more subtle and frustrating task than is generally believed by those who have not actually
attempted it.

34. What does the author think about trying to find weaknesses in other people’s research?
(A) It should never be done by students.
(B) It should only be attempted by experienced teachers.
(C) It may cause researchers to avoid publishing good work.
(D) It is currently being done to excess.
(E) It can be useful in planning future research.

35. According to the passage, what is one major criticism students often make of published research?
(A) The research has not been written in an interesting way.
(B) The research has been done in unimportant fields.
(C) The researchers did not adequately establish the relationships involved.
(D) The researchers had problems with grammatical structures.
(E) The researchers failed to provide an appropriate summary.

36. According to the passage, how do students in class often react to another student’s research?
(A) They react the way they do to any other research.
(B) They easily get impatient with the research.
(C) They are especially critical of the quality of the research.
(D) They offer unusually good suggestions for improving the work.
(E) They show a lot of sympathy for the student researcher.

37. What do student researchers often learn when they discuss their work in class?
(A) Other students rarely have objective comments about it.
(B) Other students do not believe the researchers did the work themselves.
(C) Some students would help the researchers to revise the work.
(D) Some students feel that the conclusions are too obvious.
(E) Some students do not understand the meanings of the researchers’ questions.

38. According to the passage, student researchers may have to change their research projects because
(A) their budgets are too high. (B) their original questions are too broad.
(C) their teachers do not give adequate advice. (D) their questions are too brief.
(E) their time is very limited.
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39. What does the author conclude about preparing suitable questions for a research project?
(A) It is more difficult than the student researcher may realize.
(B) The researcher should get help from other people.
(C) The questions should be brief so that they will be understood.
(D) It is important to follow formulas closely.
(E) The student researcher should stop immediately if he feels frustrated.

40. What does this passage mainly discuss?
(A) The decreasing emphasis on library research
(B) How to publish controversial questionnaires
(C) The lack of critical ability in students
(D) The role of criticism in new research
(E) How to submit an outline for criticism

Each variety of mosquito has its favored kind of water accumulation for breeding, and almost every imaginable type of
still water has been used by at least one kind of mosquito to lay its eggs. After the eggs hatch, the larvae continue to be closely
associated with the water’s surface, hanging from the surface film and getting air through tubes that breaks the water’s surface
at the tail ends of their bodies. Because the larvae develop this way, they are never found in the open water of lakes where they
would merely serve as fish food, or in places where they would be damaged by wave action or water currents.

41. According to this passage, what is true about the breeding habits of mosquitoes?
(A) Different mosquitoes tend to have different kinds of breeding places.
(B) Each mosquito usually breeds in several different places in one season.
(C) A few mosquitoes constantly vary their breeding places.
(D) Most mosquitoes like to breed on warm water.
(E) Most mosquitoes mate in the same place in which they were bred.

42. According to this passage, most mosquito larvae develop
(A) on plants near water. (B) near sources of food.
(C) under waterproof sacs. (D) in bodies of still water.
(E) on ponds and lakes where there is no fish.

43. Most mosquito larvae breathe with

(A) their bodies. (B) their wings. (C) special tubes. (D) their gills. (E) modified mouth.
44. Mosquito larvae are never found in open water because they cannot

(A) withstand much motion. (B) endure the sunlight.

(C) find sufficient food there. (D) obtain enough air there.

(E) tolerate too much moisture.

Artificial flowers are used for scientific as well as decorative purposes. They are made from a variety of materials, such as
wax and glass, so skillfully that they can scarcely be distinguished from natural flowers. In making such models, painstaking
skill and artistry are called for, as well as through knowledge of plant structure. The collection of glass flowers in the Botanical
Museum of Harvard University is the most famous in North America and is widely known throughout the scientific world. In
all, there are several thousand models in colored glass, the work of two artist-naturalists, Leopold Blaschka and his son
Rudolph.

The intention was to have the collection represent at least one member of each flower family native to the United States.
Although it was never completed, it contains more than seven hundred species representing 164 families of flowering plants, a
group of fruits showing the effects of fungus diseases, and thousands of flower parts and magnified details. Every detail of
these is accurately reproduced in color and structure. The models are kept in locked cases as they are too valuable and fragile
for classroom use.
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45. Which of the following is the best title for the passage?
(A) An Extensive Collection of Glass Flowers
(B) The Botanical Museum of Harvard University
(C) The Lives of Leopold and Rudolph Blaschka
(D) Flowers Native to the United States
(E) Materials Used for Artificial Flowers

46. Which of the following statements about Leopold and Rudolph Blaschka is true?
(A) They were teachers. (B) They were brothers. (C) They were artists.
(D) They were florists. (E) They were farmers.

47. 1t can be inferred from the passage that the goal of Leopold and Rudolph Blaschka was to
(A) create a botanical garden where only exotic flowers grew.
(B) show that their skill and artistry are better than famous painters.
(C) do a thorough study of plant structure.
(D) show that glass flowers are more realistic than wax flowers.
(E) make a copy of one member of each United States flower family.

48. In the second sentence of the second paragraph, the word “it” refers to which of the following phrases?
(A)“The intention” (B)“The collection”
(C)*“The Botanical Museum” (D)“One member”
(E)“Each flower family”

49. Which of the following is NOT included in the display at the Botanical Museum of Harvard University?
(A) Models of 164 families of flowering plants. (B) Thousands of flower parts.
(C) Magnified details of flower parts. (D) Several species of native birds.
(E) A group of diseased fruits.

50. Which of the following statements is true of the flowers at Harvard University?
(A) They form a completed collection. (B) They have a marvelous fragrance.
(C) They are loaned to schools for classroom use. (D) Some of them are also made from wax.
(E) They are authentic representations.

A summary of the physical and chemical nature of life must begin, not on the Earth, but in the Sun; in fact, at the Sun’s
very center. It is here that is to be found the source of the energy that the Sun constantly pours out into space as light and heat.
This energy is liberated at the center of the Sun as billions upon billions of nuclei of hydrogen atoms collide with each other
and fuse together to form nuclei of helium, and, in doing so, release some of the energy that is stored in the nuclei of atoms. The
output of light and heat of the Sun requires that some 600 million tons of hydrogen be converted into helium in the Sun every
second. This the Sun has been doing for several thousands of millions of years.

The nuclear energy is released at the Sun’s center as high-energy gamma radiation, a form of electromagnetic radiation
like light and radio waves, only of very much shorter wavelength. This gamma radiation is absorbed by atoms inside the Sun, to
be reemitted at slightly longer wavelengths. This radiation, in its turn, is absorbed and reemitted. As the energy filters through
the layers of the solar interior, it passes through the X-ray part of the spectrum, eventually becoming light. At this stage, it has
reached what we call the solar surface, and can escape into space, without being absorbed further by solar atoms. A very small
fraction of the Sun’s light and heat is emitted in such directions that, after passing unhindered through interplanetary space, it
hits the Earth.

51. What does the passage mainly discuss?
(A) The production of solar light and heat. (B) The physical and chemical nature of life.
(C) The conversion of hydrogen to helium. (D) Radiation in the X-ray part of the spectrum.
(E) The nuclear energy of the Sun.

52. According to the passage, energy is released in the Sun when
(A) helium atoms bind with each other. (B) nuclei of hydrogen atoms collide.
(C) radiation is absorbed by helium. (D) gamma radiation escapes from the spectrum.
(E) gamma radiation is absorbed by atoms.
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53. The passage indicates that, in comparison to radio waves, gamma waves
(A) produce louder sound. (B) are less magnetic. (C) are not as long.
(D) do not form in the Sun’s center. (E) are much more intense.

54. According to the passage, through which of the following does the energy released in the Sun pass before it becomes light?
(A) The X-ray part of the spectrum. (B) Electromagnetic space. (C) The solar surface.
(D) Interplanetary space. (E) The Sun’s center.

55. It can be inferred from the passage that the Sun’s light travels
(A) through solid objects in space. (B) in many different directions.
(C) more slowly than scientists previously believed. (D) further in summer than in winter.
(E) as fast as the spaceship.

V. Comment: Since it is now well known that smoking is very unhealthy, cigarette companies should not be allowed to
advertise.

Write an essay in which you argue for or against this comment. Support and defend your argument by drawing
upon your reasoning ability and general experience. 20 points
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1. The growing season would generally be shortest in which of the following biomes?
(A) tropical rain forest (B) temperate broadleaf forest
(C) taiga (D) temperate grassland
(E) savanna

2. The type of learning that causes specially trained dogs to salivate when they hear bells is called

(A) habituation. (B) imprinting.
(C) trial-and-error learning. (D) classical conditioning.
(E) insight.
3. To measure species diversity in a community, you need to know
(A) the number of species. (B) the relative abundance of each species.
(C) the physical size of each species. (D) both A and B
(E) A, B, and C
4. Human use of prokaryotic organisms to help detoxify a polluted wetland would be an example of
(A) keystone species introduction. (B) ecosystem augmentation.
(C) biological control. (D) population viability analysis.

(E) bioremediation.

5. All of the following cell types are correctly matched with their functions except
(A) guard cell ---- regulation of transpiration (B) sieve-tube member ---- translocation
(C) vessel element ---- water transport (D) mesophyll ---- photosynthesis
(E) companion cell ---- formation of secondary xylem and phloem

6. An evolutionary adaptation that increases exposure of a plant to light in a dense forest is
(A) lateral buds. (B) apical dominance.
(C) intercalary meristems. (D) absence of petioles.
(E) closing of the stomata.

7. The amount and direction of movement of water in plants can always be predicted by measuring which of the following?
(A) air pressure (B) proton gradients
(C) dissolved solutes (D) rainfall
(E) water potential

8. Root hairs are most important to a plant because they
(A) anchor a plant in the soil. (B) increase the surface area for absorption.
(C) contain xylem tissue. (D) store starches.
(E) provide a habitat for nitrogen-fixing bacteria.

9. What is the relationship between pollination and fertilization in flowering plants?
(A) Pollination easily occurs between plants of different species.
(B) If fertilization occurs, pollination is unnecessary.
(C) Pollen is formed within megasporangia so that male and female gametes are near each other.
(D) Pollination brings gametophytes together so that fertilization can occur.
(E) Fertilization precedes pollination.
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10. The least reliable indicator of an animal's metabolic rate would be the amount of

11.

12.

13.

14.

15.

16.

17.

18.

(A) ATP produced within its cells. (B) water it drinks.
(C) heat it generates. (D) oxygen it inspires.
(E) carbon dioxide it expires.

Which of the following is not part of an older tree’s bark?

(A) cork (B) cork cambium
(C) lenticels (D) secondary xylem
(E) secondary phloem

What do hearing, touch, and smell have in common?

(A) The transducers are all proprioceptors.

(B) The sensory information from all three is sent to the thalamus.
(C) The sensory receptors are all hair cells.

(D) Sensory energy is transduced to form a receptor potential.

(E) Only A and B are correct.

To sequence the following double strand of DNA, which primer can be used?

5’AGGCAGTTACCG /] GGCTTAAAGTCG 3°
3’ TCCGTCAATGGC // CCGAATTTCAGCS’
(A) S’TCCGTCAATGGC3’ (B) 5’>CCGAATTTCAGC3’

(C) 5 AGGCAGTTACCG3’ (D) 5’GGCTTAAAGTCG3’

(E) None of them.

Which of the following illustrates hydrolysis?

(A) The reaction of two monosaccharides to form a disaccharide with the release of water

(B) The synthesis of two amino acids to form a dipeptide with the utilization of water

(C) The reaction of a fat to form glycerol and fatty acids with the release of water

(D) The reaction of a fat to form glycerol and fatty acids with the utilization of water

(E) The synthesis of a nucleotide from a phosphate, a ribose sugar, and a nitrogen base with the production of a molecule
of water

Plasmodesmata in plant cells are most similar in function to which of the following structures in animal cells?

(A) peroxisomes (B) desmosomes (C) gap junctions (D) glycocalyx (E) tight junctions
What are the products of the light reactions that are subsequently used by the Calvin cycle?

(A) oxygen and carbon dioxide (B) ATP and NADPH

(C) electrons and photons (D) water and carbon

(E) carbon dioxide and RuBP

"Density-dependent inhibition" is explained by which of the following?

(A) As cells become more numerous, the amount of required growth factors and nutrients per cell becomes insufficient to
allow for cell growth.

(B) As cells become more numerous, they begin to squeeze against each other, restricting their size and ability to produce
control factors.

(C) As cells become more numerous, the level of waste products increases, eventually slowing down metabolism.

(D) As cells become more numerous, more and more of them enter the S phase of the cell cycle.

(E) As cells become more numerous, they begin to squeeze against each other, restricting their size and ability to produce
control factors.

A new DNA strand only elongates in the 5' to 3' direction because

(A) Okazaki fragments prevent elongation in the 3' to 5' direction.

(B) DNA polymerase begins adding nucleotides at the 5' end.

(C) replication must progress toward the replication fork.

(D) the polarity of the DNA molecule prevents addition of nucleotides at the 3' end.
(E) DNA polymerase adds nucleotides only to the free 3' end.



19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

When chemicals are used to control unwanted organisms, then the wisest application strategy, in light of natural selection
and assuming that chemicals generally have negative effects on the environment, is to apply

(A) a small dose of a single chemical.

(B) a large dose of a single chemical.

(C) moderate doses of several different chemicals.

(D) large doses of several different chemicals.

(E) a moderate dose of a single chemical.

The outcome of the conflict between bacteria and bacteriophage at any point in time results from
(A) evolutionary imbalance.

(B) heterozygote advantage.

(C) frequency-dependent selection.

(D) neutral variation.

(E) genetic variation being preserved by diploidy.

HIV is ultimately a fatal disease. Which choice could be used as an analogy to describe how HIV affects the body?
(A) Snipping the wires coming from a car battery so that no electricity flows to the car components.

(B) Bypassing a light switch so that electricity is constantly flowing to a light.

(C) An elevator stopping at the floor of which the button has been pushed.

(D) Rebooting a computer after getting a program error message.

(E) Changing the color of your house to match the color of your car.

Which of the following substances is incorrectly matched with its producer?
(A) atrial natriuretic factor ---- heart (B) angiotensinogen ---- liver
(C) renin ---- juxtaglomerular apparatus (D) aldosterone ---- kidney
(E) ADH ---- hypothalamus

Aspirin and ibuprofen affect the production of

(A) prostaglandins. (B) hormones.
(C) neurotransmitters. (D) histamine.
(E) interleukins.

In humans, identical twins are possible because

(A) of interactions between extraembryonic cells and the zygote nucleus.

(B) of the heterozygeneous distribution of cytoplasmic determinants in unfertilized eggs.
(C) the gray crescent divides the dorsal-ventral axis into new cells.

(D) of convergent extension.

(E) the blastomeres are genetically the same.

Which of the following glands shows both endocrine and exocrine activity?
(A) salivary (B) pancreas (C) adrenal (D) pituitary (E) parathyroid

The secretion of hormone A causes an increase in activity X in an organism. If this mechanism works by positive feedback,
which of the following statements represents that fact ?

(A) An increase in X produces an increase in A. (B) An increase in A produces an increase in X.
(C) An increase in X produces a decrease in A. (D) A decrease in A produces an increase in X.
(E) Both A and B are correct.

Which of the following are shared by skeletal, cardiac, and smooth muscle?
(A) A bands and I bands (B) transverse tubules
(C) thick and thin filaments (D) motor units

(E) gap junctions

Which of the following molecules pass through a cell membrane most easily?

(A) steroid hormone (B) small peptides
(C) glucose (D) large peptides
(E) water
9% 3 Fro HO8 B [HEIERNE]



29. Why do pseudogenes not express in genome?
(A) They code for RNA end products, rather than proteins.
(B) They contain uracil.
(C) They do not have promoter and enhancer sites.
(D) Their reading frames are wrong.
(E) They locate in different chrosome.

30. What would be the consequence if gastrulation did not occur?
(A) Cleavage would not occur in the zygote. (B) Embryonic germ layers would not form.
(C) Fertilization would be blocked. (D) The blastula would not be formed.
(E) The blastopore would form above the gray crescent in the animal pole.
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Use the data in Table.1 to answer questions31-32.

The data in Table 1 was obtained from a cancer drug screening study. The cancer cells were treated by Compound 1 and 2, and
the percentage of the cells in each phase of the cell cycle was measured by flow cytometry.

Table 1: The percentage of the cells in Cell Cycle Phases after treatment of Compound 1 and 2, without any treatment as

Control.
Gl S G2/M
Control 35 30 35
Compound 1 70 10 20
Compound 2 15 25 60

The following I, II, III, IV, and V represent different factors involved in the cell cycle, respectively;
I: cyclin, II: cyclin-dependent kinase, III: microtubule, IV: centrosome, V: DNA polymerase
31. Which of the following might be affected by Compound 1?
(A) L 11, or III. (B) I orII. (C) I or III. (D)L, orV. (E) Il or IV

32. Which of the following might be affected by Compound 2?
(A) L 11, or III. (B)Iorll. (C) Il or IV. (D)L orV. (E) I or 111

u 0

Enhancer Promoter

O
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33. Comparison of the above four constructs (I, I1, III, IV) for the transcription of mRNA of gene A, which of the following

is in a correct order for the expression of gene A (From high to low)?
(A) L IL, IIL, IV (B) IV, L II, I (O 10, L 1L, IV (D)L IL I, IV (B) L IL IV, III
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34. When Thomas Hunt Morgan crossed his red-eyed F; generation flies to each other, the F, generation included both red- and

35.

36.

37.

white-eyed flies. Remarkably, all the white-eyed flies were male. He concluded that the involved gene was on the X
chromosome. Why he could make this conclusion?

(A) Before this experiment, he already knew the genes are located at chromosome.

(B) Before this experiment, he knew that the sex was determined by X and Y chromosome.

(C) He knew the phenotype of eyes was sex-linkage.

(D) His conclusion makes non-sense at all.

(E) Before this experiment, he knew that Y-chromosome carrys very few genes.

Which of the following ideas is not consistent with our understanding of animal structure?

(A) The environment imposes similar problems on all animals.

(B) The evolution of structure in an animal is influenced by its environment.

(C) All but the simplest animals demonstrate the same hierarchical levels of organization.

(D) Different animals contain fundamentally different categories of tissues.

(E) Short-term adjustments to environmental changes are mediated by physiological organ systems

Which sequence of blood flow can be observed in either a reptile or a mammal?
(A) left ventricle — aorta — lungs — systemic circulation.

(B) right ventricle — pulmonary vein — pulmocutaneous circulation.

(C) pulmonary vein — left atrium — ventricle — pulmonary circuit.

(D) vena cava — right atrium — ventricle — pulmonary circuit.

(E) right atrium — pulmonary artery — left atrium — ventricle.

The following events occur when a mammalian immune system first encounters a pathogen. Place them in correct sequence
and then choose the answer that indicates that sequence. I: Pathogen is destroyed. II: Lymphocytes secrete antibodies.

IIT: Antigenic determinants from pathogen bind to antigen receptors on lymphocytes.

IV: Lymphocytes specific to antigenic determinants from pathogen become numerous.V: Only memory cells remain.

(A) LI, 1L, IV, V B)ILIL I, V, IV OIL LIV, 1LV (D) IV, 1, 111, I, V (B) IIL, IV, 11, I, V
38. Fossil evidence indicates that horses have gradually increased in size over geologic time.

(A) random selection (B) directional selection

(C) stabilizing selection (D) disruptive selection

(E) sexual selection

39. Aldosterone synthesis and release is controlled by

(A) hypothalamus-pituitary-axis. (B) the renin-angiotensin system.
(C) glucose concentration in the blood. (D) ion concentration in the blood.
(E) autoregulation.

40. Why would a gonad cell and a prostate cell respond differently to the same steroid hormone, testosterone?

(A) They have different receptor proteins within the cell.

(B) They have different acceptor proteins on the chromatin.

(C) Steroid hormones usually transmit signals that are antagonistic.

(D) The hormone-receptor complex is transcribed and processed differently in the two kinds of cells.
(E) The targets of the hormone-receptor complex are different in the two kinds of cells.

41. Which of the following statements is correct about biogeochemical cycling?

(A) The carbon cycle has maintained a constant atmospheric concentration of CO, for the past million years.

(B) The phosphorus cycle is a sedimentary cycle that involves the weathering of rocks.

(C) The nitrogen cycle involves movement of nitrogen very little of which is chemically altered by either the biotic or
abiotic components of the ecosystem.

(D) The phosphorus cycle involves the rapid recycling of atmospheric phosphorus.

(E) The carbon cycle is a localized cycle that primarily reflects the burning of fossil fuels.
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42. After an action potential, the resting potential is restored by

43.

44,

45.

46.

47.

(A) the opening of sodium activation gates.

(B) the opening of voltage-sensitive potassium channels and the closing of sodium activation gates.
(C) an increase in the membrane's permeability to potassium and chloride ions.

(D) the delay in the action of the sodium-potassium pump.

(E) the refractory period in which the membrane is hyperpolarized.

Given the steps shown below, which of the following is the correct sequence for transmission at a chemical synapse?
1. Neurotransmitter binds with receptors associated with the postsynaptic membrane.

2. Ca*" ions rush into neuron's cytoplasm.

3. Action potential depolarizes the synaptic terminal membrane.

4. Ligand-gated ion channels open.

5. Synaptic vesicles release neurotransmitter into the synaptic cleft.

(A)1,2,3,4,5 (B)2,3,5,4,1 (©)3,2,5,1,4 (D)4,3,1,2,5 (E)5,1,2,4,3

The signal-transduction pathway in animals that use epinephrine

(A) is a classic example of synaptic signaling.

(B) involves activation of glycogen breakdown in liver and skeletal muscle cells.
(C) is a classic example of paracrine signaling.

(D) only B and C are correct.

(E) None of these describes the epinephrine system.

During the menstrual cycle, what is the main source of progesterone in females?
(A) growing follicle (B) mature follicle (C) corpus luteum (D)uterus (E) placenta

Which of the following statements about succession is correct?

(A) Secondary succession can occur where a disturbance has left soil intact.

(B) Primary succession occurs in areas where soil remains after a disturbance.

(C) Secondary succession occurs where no soil exists.

(D) Through successional dynamics, all communities will eventually reach a status of equilibrium.

(E) Some cases of succession involve facilitation, a phenomenon in which local species inhibit the growth of newcomers.

In peas, a gene controls flower color such that R = purple and r = white. In an isolated pea patch, there are 64 purple flowers
and 36 white flowers. Assuming Hardy-Weinberg equilibrium, what proportion of the population is probably heterozygous
for this trait?

(A) 0.48 (B) 0.60 (C)0.24 (D) 0.16 (E) 0.80

48. As a biologist, it is your job to look for plants that have evolved structures with a selective advantage in dry, hot conditions.

49.

Which of the following adaptations would be least likely to meet your objective?

(A) CAM plants that grow rapidly (B) large, fleshy stems with the ability to carry out photosynthesis
(C) a thick cuticle on fleshy leaves (D) small, thick leaves with stomata on the lower surface

(E) plants that do not produce abscisic acid and have a thick, short root

Which of the following statements about energy flow is incorrect?

(A) Only net primary productivity is available to consumers.

(B) Only about one-thousandth of the chemical energy fixed by photosynthesis reaches a tertiary-level consumer.
(C) Secondary productivity declines with each trophic level.

(D) About 90% of the energy at one trophic level does not appear at the next.

(E) Eating meat is probably the most economical way of acquiring the energy of photosynthetic productivity.



50. In excess, cortisol has aldosterone-like effects in the kidney causing salt and water retention. This is because the capacity
of 11-hydroxysteroid dehydrogenase type 1 enzyme that converts active cortisol to inactive cortisone in the kidney tubule is
destroyed. This may be a factor in the hypertension seen in patients with Cushing's syndrome. What is the mechanism
regarding this outcome?

(A) Cortisol is then available to interact with the cortisol receptor, which exist in the kidney.

(B) Cortisol is then available to interact with the aldosterone receptor for which it has equal affinity.
(C) Cortisol is then available to interact with the androgen receptor for which it has equal affinity.
(D) Cortisol is then available to interact with the progestin receptor , which exist in the kidney.

(E) none of them.

51. When an organism dies, its muscles remain in a contracted state termed "rigor mortis" for a brief period of time. Which of
the following most directly contributes to this phenomenon? There is no
(A) glycogen remaining in the muscles. (B) ATP to move cross-bridges.
(C) ATP to break bonds between the thick and thin filaments. (D) oxygen supplied to muscle.
(E) calcium to bind to troponin.

52. What kind of data should probably have the greatest impact on animal taxonomy in the coming decades?
(A) comparative morphology of living species
(B) fossil evidence
(C) the number and size of chromosomes within nuclei
(D) similarities in metabolic pathways
(E) nucleotide sequences of homologous genes

53. Which is not characteristic of all mammals?
(A) having glands to produce nourishing milk for offspring
(B) giving birth to live young (viviparous)
(C) a four-chambered heart that prevents mixing of oxygenated and deoxygenated blood
(D) having a diaphragm to assist in ventilating the lungs
(E) having hair during at least some period of life

54. Which kind of metabolic poison would most directly interfere with glycolysis?
(A) an agent that reacts with oxygen and depletes its concentration in the cell
(B) an agent that reacts with NADH and oxidizes it to NAD"

(C) an agent that inhibits the formation of acetyl coenzyme A
(D) an agent that closely mimics the structure of glucose but is not metabolized
(E) an agent that binds to pyruvate and inactivates it

55. A major function of the mitochondrial inner membrane is the conversion of energy from electrons to the stored energy of
the phosphate bond in ATP. To accomplish this function, membrane must have all of the following features except
(A) the electron transport chain of proteins. (B) proteins to accept electrons from NADH.
(C) high permeability to protons. (D) integral, transverse ATP synthase.
(E) proton pumps embedded in the membrane.

56. Which of the following is a good example of sensory adaptation?

(A) hair cells in the utricle and saccule responding to a change in orientation when you bend your neck forward after you
have been reading a book

(B) hair cells in the organ of Corti not responding to high-pitched sounds after you have worked on the same construction
job for 30 years

(C) immediately after putting on a shirt, your skin feels itchy. However, the itching stops after a few minutes and you are
unaware that you are wearing a shirt

(D) cones in the human eye failing to respond to light in the infrared range

(E) rods in the human eye responding to mechanical stimulation from a blow to the back of the head so that a flash of light
is perceived
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57. An animal deficient in adenylyl cyclase
(A) would not respond properly to epinephrine. (B) could not convert ATP to cAMP.
(C) would not be able to transmit nerve impulses via a synapse. (D) both A and B are correct.
(E) would be unable to carry out all of the above activities.

58. Which of the following events occurs during prophase I of meiosis?
(A) DNA replication
(B) the homologous chromosome pairs separate because linked genes haven't been introduced
(C) segregation of alleles of unlinked genes
(D) reduction in chromosome number
(E) synapsis and crossing over

59. Proto-oncogenes can be converted to oncogenes by various genetic changes. Which of these mechanisms does not
contribute to an abnormal cell cycle?
(A) A gene is transposed to a more active promoter.
(B) Chromosomes break and fragments are translocated from one chromosome to another.
(C) Point mutations occur that result in a protein more resistant to degradation.
(D) Extra copies of the gene are made, thereby enhancing expression.
(E) DNA methylation takes place.

60. Given the function of the bicoid gene product, if the gene were cloned and large amounts of the product were injected into
eggs, which of the following would be true?
(A) The embryos would grow extra wings and legs.
(B) The embryos would die and probably show no anterior development.
(C) Anterior structures would form in the area of injection.
(D) The embryos would develop normally.
(E) The embryos would grow much larger.

61. According to the concept of punctuated equilibrium, the "sudden" appearance of a new species in the fossil record means
that
(A) The species is now extinct.
(B) The species will consequently have a relatively short existence, compared to other species.
(C) Speciation occurred over many thousands of years.
(D) Speciation occurred in one generation.
(E) Speciation occurred instantaneously.

62. Which of the following correctly pairs a protist with one of its characteristics?
(A) Apicomplexa ---- all parasitic (B) Actinopoda ---- calcium carbonate shell
(C) Foraminifera ---- abundant in soils (D) Rhizopoda ---- flagellated stages
(E) Kinetoplastids ---- slender pseudopodia

63. If the amount of interstitial fluid surrounding the capillary beds of the lungs were to increase significantly, it would be
expected that
(A) the amount of carbon dioxide entering the lungs from the blood would increase.
(B) the amount of oxygen entering the circulation from the lungs would increase.
(C) the pressure would cause the capillary beds to burst.
(D) the amount of oxygen entering the circulation from the lungs would decrease.
(E) you could not make a prediction based on this information.

64. The Bohr effect on the oxygen-hemoglobin dissociation curve is produced by changes in

(A) the partial pressure of oxygen. (B) the partial pressure of carbon dioxide.
(C) hemoglobin concentration. (D) temperature.
(E) pH.
65. Which of the following is not the steroid hormone
(A) androgen (B) testosterone
(C) estrogen (D) leuteinizing hormone

(E) glucocorticoid
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I. Choose one correct answer for the following questions
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1. Consider the resonance of compound A, which one is not its resonance form?

(@]
/}*Me
CN
A
Q- o- o) L i
(A) . o® © . (D) e (E) Mm
CN CN CN ,m [

N~
2. Which of the following compounds is not an aromatic compound?

H H H

H ! / /
(A) (B) B ©) N (D) ~N (E) s
L 1 [/ L
3. For each compound below, which one will give 3 signals in its normal, broadband decoupled *C NMR spectra. (assume the

resolution is good to identify all different signal)

CAR el N

(A) L IL I (B) I1, IIT (O)1IL 1V, V (D) 1L, V (E) None of the above

4. What will be the major product of the following reaction?

) . (B) I iBr © (D) (E) None of the ab
(:@i)/B Br one o € above
Br

5. Which of the following reactions would not show primary kinetic isotope effect?

Py e ol
O @ (D)H O)H
Cr03
©) E}H(D) B . BrHD) @) O,H(D) D

(E) None of the above



6. When bromide AK is treated with NaOEt, four 2-butene are possible products.

H H D Ph Ph
| .Br  NaOEt Me
\\hMe Ph X Me Ph)\/Me H)\/ DX Me
H H H H H
AK AK AK-b AK-d

-a - AK-c
In fact, only :
(A) AK-a and AK-b are obtained (B) AK-a and AK-d are obtained
(C) AK-a and AK-c are obtained (D) AK-b and AK-c are obtained (E) None of the above

7. Solvent is an important factor in the nucleophilic reaction. We classified solvent into several categories. What is the best

description of acetone?

Acetone is:
(A) nonpolar aprotic (B) polar aprotic (C) polar protic (D) nonpolar protic (E) None of the above

8. Consider the spectrum illustrated below.

TRANSMITTANCE(%)
%

WAVENUMBER(om ™Y

Which of the following structures will be best for this spectrum?
(A) ®) 1o ©) P (>)
=

9. The average mass of a boron atom is 10.81. If you were able to isolate a single boron atom, what is the chance that you would

(E) None of the above

randomly get an atom with mass 10.81?
(A) 0% (B) 0.81% (C) about 11% (D) 10.81% (E) greater than 50%

10. Which of the statements below correctly describes the chair conformations of trans-1,4-dimethylcyclohexane?
(A) The two chair conformations are of equal energy.
(B) The higher energy chair conformation contains one axial methyl group and one equatorial methyl group.
(C) The lower energy chair conformation contains one axial methyl group and one equatorial methyl group.
(D) The higher energy chair conformation contains two axial methyl groups.

(E) The lower energy chair conformation contains two axial methyl groups.

11. Which is a measure of the randomness of a system?

(A) entropy (B) enthalpy (C) free energy (D) halogenation (E) stoichiometry
12. Which of the following species is the least nucleophilic?
(A)H,O (B) BF, (©) (CH,);N (D) CH,0O- (E) CN-
13. HBr can be added to an alkene in the presence of peroxides (ROOR). What function does the peroxide serve in this
reaction?
(A) nucleophile (B) electrophile (C) radical chain initiator
(D) acid catalyst (E) solvent
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14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Which of the following terms best describes the reactive nature of a Grignard reagent?

(A) carbocation (B) free radical (C) electrophile (D) nucleophile (E) carbene
The mass spectrum of alcohols often fail to exhibit detectable M peaks but instead show relatively large peaks.
(A) M+1 (B) M+2 (C)M-16 (D) M-17 (E) M-18

Absorption of what type of electromagnetic radiation results in transitions among allowed nuclear magnetic spin states?

(A) X-rays (B) radio waves (C) microwaves (D) ultraviolet light (E) infrared light
For the reaction in which A and B react to form C, the following intial rate data were obtained.

[A] [B] Initial Rate of Formation of C

(mol/L) (mol/L) (mol/L. s)

0.400 0.400 2.00

0.400 0.200 0.500

0.800 0.200 1.00
What is the rate law for the reaction?
(A) Rate = k[A][B] (B) Rate = k[A][B] (C) Rate = k[A][B]*
(D) Rate = k[A][B]* (E) Rate = k[A]’

An NMR spectrometer that operates at a frequency of 60 MHz for “CNMR spectra, operates at what frequency for 'H
NMR spectra?
(A) 15 MHz (B) 30 MHz (C) 60 MHz (D) 120 MHz (E) 240 MHz

How many pairs of degenerate © molecular orbitals are found in benzene?
(A)6 (B) 5 ©) 4 (D)3 (E)2

Nitrogen's lone pair electrons occupy what type of orbital in pyridine?
2 3
(A)s (B) sp (©) sp (D) sp E)p

The proton NMR spectrum of an unknown compound contains a triplet at 9.8 ppm. Which of the following could be this

unknown?
(A) (CH,);CCHO (B) CH,CH,CH,CO,H
(C) CH,CH,CH,CHO (D) CH,CO CH,Ph (E) PhACHO

Which of the following is also known as a Schiff base?
(A) an imine (B) a cyanohydrin (C) a hydrate (D) sodium hydroxide (E) an aldehyde

Carboxylic acids boil at considerably higher temperatures than do alcohols, ketones, or aldehydes of similar molecular weights.
This is because they:

(A) have a greater oxygen content. (B) are more acidic.

(C) form stable hydrogen-bonded dimers. (D) are hydrophobic.  (E) none of the above.

The hydrolysis of esters in base is called:
(A) the Fischer esterification. (B) the Hunsdiecker reaction.
(C) the Dieckmann condensation. (D) transesterification.

(E) saponification.

Peptide bonds are:
(A) ester linkages. (B) imido linkages. (C) ether linkages. (D) amide linkages. (E) disulfide linkages.

Nearly all naturally occurring amino acids:
(A) are racemic mixtures. (B) are achiral.
(C) have the (R) configuration at the a-carbon. (D) have the (S) configuration at the a-carbon.

(E) have basic side chains.



27.

28.

To a solution of propyne in diethyl ether, one molar equivalent of CH,Li was added and the resulting mixture was stirred for 0.5

hour. After this time, an excess of D,O was added. Describe the major organic product(s) of this reaction.

(A) CH,C=CD + CH, (B) CH,C=CCH, (C) CD,C=CD,

(D) CH,C=CCD, (E) CH,C=CD + CH,D

Which of the following metric relationships is incorrect?

(A) 1 microliter = 10_6 liters (B) 1 gram = 103 kilograms

(©) 103 milliliters = 1 liter (D) 1 gram = 102 centigrams (E) 10 decimeters = 1 meter

29. A method of separation that employs a system with two phases of matter, a mobile phase and a stationary phase, is called

30.

31.

32.

33.

34.

35.

36.

37.

(A) filtration. (B) chromatography.  (C) distillation. (D) vaporization. (E) homogenization.

You take an aspirin tablet (a compound consisting solely of carbon, hydrogen, and oxygen) with a mass of 1.00 g, burn it in air,
and collect 2.20 g of carbon dioxide and 0.400 g water. The molar mass of aspirin is between 170 and 190 g/mol. The molecular

form of aspirin is
(A) CH,O, (B) C,H,0, (©) CH,Oq (D) C, HO, (E) none of these

Which of the following electrode could be a reference electrode except

(A) SHE (B) NHE (C) SCE (D) Ag/AgCl (E) all of above
The light source of fluorescence measurements and detector is usually at

(A) 30 (B) 60 (©)90 (D) 120 (E) 180 degrees.
Consider the following system at equilibrium:

N,(g) +3H,(g) = 2NH,(g) +92.94kJ
Which of the following changes will shift the equilibrium to the right?

I. increasing the temperature II. decreasing the temperature

III. increasing the volume IV. decreasing the volume

V. removing some NH, VI. adding some NH,

VIL removing some N, VIII. adding some N,

(A) L IV,VLVII (B) I1, TIL, V,VIII (C) LVLVIII (D) I, LV, VII (B) IL, IV,V,VIII

If, at a given temperature, the equilibrium constant for the reaction
H,(g) + Cl(g) == 2HCl(g)
is Kp, then the equilibrium constant for the reaction
HCl(g) == (1/2) H,(g) + (1/2)Cl, (g)
can be represented as:

1 1
(A) —= (B) K2 (C) —— (D) ~/K (E) none of above
Kp2 p . /_Kp p

The value of the equilibrium constant, K, is dependent on

| . The temperature of the system. Il . The nature of the reactants and products.
[Il. The concentration of the reactants. IV. The concentration of the products.
@Ayl @) 11,1 O 1, v (D) It is dependent on three of these choices.

(E) It is not dependent on any of these choices.

Which of the following would produce a basic aqueous solution?
(A)P,0,, (B) KCl (©) CO, (D) NH,Cl (E) none of these

Which of the following will not produce a buffered solution?
(A) 100 mL of 0.1 M Na,CO, and 50 mL of 0.1 M HCI (B) 100 mL of 0.1 M NaHCO, and 25 mL of 0.2 M HCI
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(C) 100 mL of 0.1 M Na,CO, and 75 mL of 0.2 M HCI (D) 50 mL of 0.2 M Na,CO, and 5 mL of 1.0 M HCI
(E) 100 mL of 0.1 M Na,CO;, and 50 mL of 0.1 M NaOH

38. In the titration of a weak acid HA with 0.100 M NaOH the stoichiometric point is known to occur at a pH value of
approximately 10. Whic}_lli)f the following indicator acids would be best to use to mark the endpoint of this titration?
(A) indicator A, K, = 1078 (B) indicator B, K, = 1076
(C) indicator C, K =10 (D) indicator D, Kz =10 (E) none of these

39. Silver acetate (AgC,H,0,) is a sparingly soluble salt with KSp =1.9 x 1073. Consider a saturated solution in equilibrium with
the solid salt. Compare the effects on the solubility of adding to the solution either the acid HNO, or the base NH..
(A) Either substance would decrease the solubility.
(B) NH, would increase the solubility, but HNO, would decrease it.
(C) NH, would increase the solubility, but HNO, would have virtually no effect.
(D) Either substance would increase the solubility.
(E) NH, would decrease the solubility, but HNO, would increase it.

40. Which of the following compounds is an achiral compound?

(A) (B) © (D) Q (E) 2
D O we e e M N

H F

41. Indicate the alcohols (or acids) has the lowest pK, value?
(A) 2,2,2-trifluoroethanol (B) 2,2-dimethylpropanol
(C) 2,2,2-trichloroethanol (D) cyclopropanol (E) cyclohexanol

42. Consider the NMR spectrum of BA, which is shown below. The formula of compound BA is CgH,CIO.

3H

The structure of BA is

(A) Q (B) © ¢ o (D) o (E) None of the above
/@)J\Me /©/\ @)LMe KED/ “Me
OH
cl Cl
Cl
43. When compound | was heated in ethanol, an ether product was collected (shown below)
OFEt
o
EtOH
|

The mechanism of this reaction is
(A) SN2 (B) E2 (C) S\l (D) E1l (E) none of above

44. To complete the following reaction, please choose the best reaction condition?



45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

(A) B,Hg then H,O,/NaOH (B) HCl1 (C) OsOy4 then H,0O,

(D) O3 then Me-S-Me (E) Hg(OAc), then NaBH4

The composition of compound AZ is C7H;40 and its spectrum shows the following signals: 6H triplet at 0.9 o, J=7 Hz; 4H

sextet at 1.6 8, J=7 Hz; 4H triplet at 2.4 9, J=7 Hz. What is the structure of compound AZ?

(A) (o (B) ~__~ (©) (D) 0
\Q/ =z O/ﬁ OZO /\)J\/\

The rate of a reaction typically increases as the temperature increases because:
(A) the A term in the Arrhenius equation increases.
(B) the fraction of molecules with kinetic energy greater than Ej increases.

(C) the activation energy decreases.
(D) the activation energy increases.

(E) the molecules make more collisions with the wall of the reaction vessel.

If a mixture contains 75% of one compound and 25% of its enantiomer, what is the e.e. of the mixture?
(A) 100 (B)75 (C) 50 (D) 25 (E)3

How many diastereomers are there of the molecule shown below?

HO \O/ OH
(A)0 (B) 1 (©)2 (D) 3 (E) 6

Which of the following most closely matches the C=C stretching frequency?
(A) 3300 (B) 3000 (C) 2200 (D) 1700 (E) 1200 cm’

Which of the following compounds will undergo Friedel-Crafts alkylation with (CH,;),CCI, AICl, most rapidly?
(A) toluene (B) iodobenzene (C) acetophenone

(D) benzenesulfonic acid (E) cyanobenzene

Which of the following is the most reactive carboxylic acid derivative?
(A) ester (B) anhydride (C) nitrile (D) acid chloride (E) amide

Lithium aluminum hydride reduces carboxylic acids, acid chlorides, and esters to:

(A) aldehydes. (B) primary alcohols.  (C) secondary alcohols. (D) tertiary alcohols.  (E) ketones.

Cyclic amides are called:

(A) lactones. (B) lactams. (C) aminals. (D) animals. (E) imines.

The structures below are:

CHs H
H H H H
(A) not isomers. (B) conformational isomers. (C) cis-trans isomers.
(D) structural isomers. (E) both B and D

What two atomic orbitals or hybrid atomic orbitals overlap to form the C—C n bond in ethylene?
(A)Csp +Csp’ (B)Csp +Csp (C)Csp +Csp (D)Csp +Cp (E)Cp+Cp
The following three equations represent equilibria that lie far to the right.

HNO,(aq) + CN7(aq) == HCN(aq) + NO,~(aq)
576 F1o H 10 T
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57.

58.

59.

60.

HCN(aq) + OH™(aq) == H,O(l) + CN(aq)

' H,O(l) + CH,0(aq) == CH,OH(aq) + OH™(aq)
Identify the strongest base.

(A) CH,O (B) CH,OH (C)CN (D) H,0 (E)NO,

If the molarity a 0.70 M solution of hypochlorous acid, HCIO was decreased to 0.3 M, which of the following statements would
be true?

(A) The percent dissociation would not change.

(B) The percent dissociation would increase.

(C) The percent dissociation would decrease.

(D) The equilibrium constant would stay the same.

(E) Two of these.

If30 mL of 5.0 x 10 M Ca(NO,), are added to 70 mL of 2.0 x 10 M NaF, will a precipitate occur?
(Kgp of CaF, = 4.0 x 10 )

(A) No, because the ion product is greater than Ksp-

(B) Yes, because the ion product is less than KSp.

(C) No, because the ion product is less than Ksp.

(D) Not enough information is given.

(E) Yes, because the ion product is greater than Ksp-

A galvanic cell consists of a left compartment with a tin electrode in contact with 0.1 M Sn(NO,),(aq) and a right compartment
with a lead electrode in contact with 1 x 10 M Pb(NO,),(aq). The relevant reduction potentials are:
Pb "+2¢ - Pb E°=-0.13V

Sn’ +2e — Sn E°c=-0.14V

When this cell is allowed to discharge spontaneously at 25°C, which of the following statements is true?
(A) Electrons will flow from left to right through the wire.

(B) Pb ions will be reducgd to Pb metal.

(C) the concentration of Sn  ions in the left compartment will increase.

(D) The tin electrode will be the cathode.

(E) No noticeable change will occur, because the cell is at equilibrium.

Consider the galvanic cell shown below (the contents of each half-cell are written beneath each compartment):

—

ﬁ— —@’]

0.50 M Br, 0.20 M Cr3*
0.10 M Br’

The standard reduction potentials are as follows:
cri+3e - Cr(s) E°=—0.73V
Br(aq)+2¢ - 2Br E°=+1.09V

Which of the following statements about this cell is false?

(A) This is a galvanic cell.

(B) Electrons flow from the Pt electrode to the Cr electrode.

(C) Reduction occurs at the Pt electrode.

(D) The cell is not at standard conditions.

(E) To complete the circuit, cations migrate into the left half-cell and anions migrate into the right half-cell from the salt

bridge.

I1. Choose one correct answer for the following questions
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61. Which of the following compounds is the strongest acid?
(B) p-bromobenzoic acid

(A) p-nitrobenzoic acid
(D) m-methoxybenzoic acid

(C) m-methylbenzoic acid

62. Which of the following cycloalkenes would be expected to be stable?
1 2 3

(A)1 &2 (B)2&3 (©)2 (D)1 &3

63. The reaction of CH,CH,MgBr with CH,COCH,CH, gives:

(A) an achiral product. (B) a mixture of diastereomers.

(C) the racemate of a chiral product. (D) a single enantiomer.

64. The protons marked Hy and Hp in the molecule below are

CH;
Ha

L7

H

Hb
(B) enantiotopic

(A) chemically equivalent
(E) none of the above

(D) endotopic

65. Consider the spectrum illustrated below.

TRANSMITTANCE(%)

WATENUMBER(em ™)

Which of the following structure will be best for this spectrum?

(A) (B) o._oH © H (D)
AN U m m

o

66. Consider the following two spectrums which are from the same compound BC,

SR eA o

(E) water

(E) none are stable

(E) none of the above.

(C) diastereotopic

(E) None of the above

— —
200 180 160 140 120 10D g0 0 40 20 o 1L 10 9 8 7 € s 4
TISP-00-228 ppm

CD35-03-793 ppm
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BC is

(A) (B) (©) (D) (E) None of the above

67. What will be the major product of adamantane (shown below) reacted with Br, with the presence of peroxide?

@ —
peroxide

heat
(A) (B) Br ©) (D) (E) None of the above
. g e
Br
Br
68. Consider the following reaction.
Me

Br, 1. KCN

: BY

light 2. H;0%, heat
BY is
(A) o OH B we o (©) O (D) 0 (E) None of the above

Me OH OH
OH

69. Chemists develop several methods for preparation of ester. Using your knowledge, indicate the method which could not give

ester as product.

(A) Fischer esterfication (B) Reaction of acyl chloride and alcohol
(C) Acyl transfer from acid anhydride to an alcohol (D) Baeyer-Villiger oxidation of ketones
(E) None of the above

70-71 To complete the following multistep synthesis, please choose right reagent(s) from the following list with suitable order.
a. KMnO4, H;0" b. Br, FeBr; c. Clp, FeBr; d. CH;Cl, AICl; e. HNO;, H,SO4
f. CICO(CH;),CH3, AICl; g. CH;CH,CH,CH,Cl, AICl; h. H,, Pd
i. NBS, peroxides

70. EE(C'
HO (@]

(A) b—d—a (B) d—a—c (C) c—>d—a (D) d—c—a (E) None of the above
71. o}
o -
NH,
(A) e—>h—f (B) e—»g—a—h (C) e—h—og (D) e—»f—h (E) None of the above

72. A 0.307-g sample of an unknown triprotic acid is titrated to the third equivalence point using 35.2 mL of 0.106 M NaOH.
Calculate the molar mass of the acid.
(A) 247 g/mol (B) 171 g/mol (C) 165 g/mol (D) 151 g/mol (E) 82.7 g/mol



73. When the equation Cl, — Cl + C103_ (basic solution) is balanced using the smallest whole-number coefficients, the coefficient
of OH is:

(A)1 (B)2 ©)3 (D) 4 (E) 6

74. According to the Van Deemter equation, which of the following parameters would be independent of solvent velocity?
(A) longitudinal diffusion (B) mass-transfer (C) eddy diffusion
(D) two of above (E) all of above

75. Find the value of the equilibrium constant (K) (at 500 K) for
N,(2) +3H,(g) = 2NH,(g)

The value for Kp at 500 K is 1.5 x lOiS/atmz.
) ) ) ) )
(A)7.5 x 10 B)13x10 (©)9.6 x 10 (D)2.5x 10 (E) 6.0 x 10

76. For the stepwise dissociation of aqueous H,PO,, which of the following is not a conjugate acid-base pair?
(A)HPO, and PO, (B) H,PO, and H,PO, (C)H,PO, and HPO,
(D) H,PO, and PO, (E)H,0 and H,0

77. Nitrogen gas (N,) reacts with hydrogen gas (H,) to form ammonia (NH,). At 200°C in a closed container, 1.0 atm of nitrogen gas
is mixed with 2.0 atm of hydrogen gas. At equilibrium, the total pressure is 2.0 atm. Calculate the partial pressure of hydrogen
gas at equilibrium.

(A) 2.0 atm (B) 0.50 atm (C) 1.5 atm (D) 0.0 atm (E) none of these

78.When 10.0 g of the hydrogen gas reacts with 10.0 g of oxygen gas to form water, what is the theoretical yield of water?
(A)10.0g (B)10.6 g OC)113¢g (D)20.0¢g (E)89.4 ¢

79. Find the mass percent of CuSO, in a solution whose density is 1.30 g/mL and whose molarity is 1.22 M. (The atomic mass of Cu
is 63.55.)
(A) 22.1% (B) 31.6% (C) 15.0% (D) 12.4% (E) none of these

80. Which of the following reactions could not give alcohol as product?

O
A) MgBr )o]\ (B) Me |iaH,
©/ RO T Me
Me
(©) R)C])\O NaBH, (D) _A_oH pa-ClH, (E) None of the above
Me
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1. A force acting on an object moving along the X axis is given by Fy = (14x — 3.0x*) N
where X is in m. How much work is done by this force as the object moves from X =—1 m to X =+2 m?
(A)+121] (B)+281J (C)+401J (D) +42] (E)-281J

2. The first stage of a Saturn V space vehicle consumes fuel and oxidizer at the rate of 1.50 x 10* kg/s, with an exhaust speed
0f 2.60 x 10° m/s. What is the acceleration of the vehicle just as it vertically lifts off the launch pad on the Earth if the
vehicle’s initial mass is 3.00 x 10° kg?

(A) 7.40 m/s” (B) 5.37 m/s* (C) 3.20 m/s*
(D) 1.48 m/s (E) None of the above is correct.

3. The most sensitive colors of human vision are

(A) yellow and green (B) red and yellow (C) blue and red (D) green and red (E) yellow and orange

4. Over a certain region of space, the electric potential is V = 5x — 3x%y + 2yz*. What is the magnitude of the
field at the point P that has coordinates (1, 0, —2) m?
(A) 38 N/C (B)42 N/C (C)23N/C (D) 17 N/C (E) 7N/C

5. A battery has an emf of 15.0 V. The terminal voltage of the battery is 11.6 V when it is delivering 20.0 W of power to an
external load resistor R. What is the internal resistance of the battery?

(A)4.97 Q) (B)3.97Q (C)2.97 Q (D) 1.97 Q) (E) 0.97 Q

6. What is the cyclotron frequency of a proton in a magnetic field of magnitude 5.20 T? (The mass of a proton is 1.67x10™ kg.
The charge of a proton is 1.60x10™"° C)
(A) 1.98x10° rad/s (B) 2.98x10® rad/s (C) 3.98x10® rad/s (D) 4.98x10° rad/s (E) 5.98x10° rad/s

7. Seven rings are arranged in hexagonal, planar pattern so as to touch each neighbor, as shown in the figure. Each ring is a
uniform loop of mass m and radius r. What is the moment of inertia of the system of seven rings about an axis that
passes through the center of the center ring and is normal to the plane of the system?

(A) 7mr? (B)11mr? (C)13mr? (D)23mr* (E)31mr?

8. Three stars of equal mass m rotate in a circular path of radius r about their center of mass, as shown in the figure. They
are equidistance from each other. The angular velocity of the motion is

1

1
<A>( Gm jé B ( em ) © (26m 2 (D)( Gm jz (E)[2ij2
V3r’ 24/3r° \3r? 24/3r? J3r?
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9. A nonconducting sphere of radius R has a total charge Q spread uniformly throughout its volume. What is the potential

energy of the sphere? (k = : )
4rs,
2 2 2 2 2
(A) kQ (B) kQ (©) 2kQ (D) 2kQ (E) 3kQ

10. A thick spherical shell has an inner radius a and an outer radius 2a. The material has resistivity p . When a potential
difference is applied between the inner and outer surfaces, assuming the current is radial at all points, the resistance is

P

2 49
8ra (D) ra (E) E

L P
(A3 3 B)—~ (©)

11. A particle of mass m and charge q is in a circular orbit of radius R normal to an external magnetic field B. The

magnetic field, at the center of its orbit, created by the charge is

H, 9B # 9°B My MR Hy MR #, 9B’
A2 B) £ 9= o) £ 25 D) E) £ BB
()47sz ()47rmR ()47qu ()47[qu ()47rmR

12. A disk of radius R has a uniform charge density o . It rotates about its central axis with the angular frequency

® . A uniform magnetic field B is normal to the axis. The torque on the disk is

(A) %aa)ﬂBR“ (B) iaa)BR“ (€) imﬂBRz (D) iffwBRz (E) %GwﬂBR“
13. Which of the following is false?

(A) Entropy is a measure of the disorder in a system.

(B) Entropy is a state function; it depends only on the equilibrium state of the system.

(C) The entropy change in an isolated system is either zero or greater than zero.

(D) The increase in entropy of a system is associated with the transition from states of low probability to those of high

probability.
(E) The transition of liquid water to the more ordered crystalline state of ice is forbidden by the second law of

thermodynamics.

14. If the total energy of a moving particle of rest mass m is equal to 3 times of its rest energy, then the magnitude of the
particle’s relativistic momentum is

(A) J2me (B) 242me (©) V3me (D) 3+/3mce (E)2mc

15. An electron is trapped within an infinite potential well of length 0.1nm. What is the ground state energy?
(me=9.11x10""kg; h=6.63x10>*J + 5)
(A) 3.4eV (B) 13.6eV (C) 37.7eV (D) 151eV (E) 339eV

16. The work function for lithium is 2.3eV . The surface is illuminated with some electromagnetic wave. If the stopping
potential is 0.6V , the wavelength of the wave is .
(A) 428 nm (B) 213 nm (C) 100 nm (D) 80 nm (E) 50 nm

17. In the transistor, the impurities in the crystals that are generally used are
(A) Osmium and Cerium (B) Silicon and Germanium
(C) Cadmium and Strontium (D) Boron and Phosphorus
(E) Gallium and Lanthanum

&
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18. A uranium nucleus at rest decays into a thorium nucleus and a helium nucleus: **U—***Th+*He . Which of the following
is true?
(A) Each decay product has the same speed.
(B) Each decay product has the same kinetic energy.
(C) The decay products tend to go in the same direction.
(D) The thorium nucleus has more momentum than the helium nucleus.

(E) The helium nucleus has more kinetic energy than the thorium nucleus.

19. An air filled parallel plate capacitor has a capacitance of 1uF. The plate separation is then doubled and a wax dielectric is
inserted, completely filling the space between the plates. As a result, the capacitance becomes 2uF. The dielectric constant

of the wax is
(A) 0.25 (B) 0.5 (©)2.0 (D) 4.0 (E) 8.0

20. The circuit shown below has been connected for a long time. Now the battery is disconnected. What is the time required for
the capacitor to discharge to one fourth of its initial voltage in terms of R and C? (1n2=0.693)
(A) 4.620 RC (B) 2.495 RC (C) 10.397 RC (D) 4.990 RC (E) 2.130RC

g ——
R;=4R R,=2R

21. A photon whose wavelength is 2.48x10"" m is scattered off an electron at an angle of 90° in a Compton experiment. What is
the wavelength of the scattered wave? (m.=9.11x107"kg; h = 6.63x107* I + 5; ¢ = 3.00x10° m/s; e = 1.60x10™"° C)
(A) 1.24x10" m (B)2.25x10""' m (C)2.72x10"" m (D) 2.40x10"' m (E) 2.48x10"' m

@)

\,\'

22. A monochromatic X-ray beam of wavelength A = 2.82x10"" m is incident on a crystal. The first order diffraction maximum

occurs when the grazing angle 0 is 30°. Find the crystal plane spacing d.
(A) 3.98x10""m (B) 4.88x10"m (C) 1.99x10"m (D) 1.63x10""m (E) 2.82x10""m

.
.

e
4.
d
@
cE . 0B
23. If a plane electromagnetic wave traveling in the x-direction has x =—KE i sin(kx—a 1) , we can deduce that ot
is equal to .
(A)KB_,, sin( kx — at) (B) cB,,. sin( kx — ot)
(C)wB,,,, sin( kx — wt) (D) wcB,,, sin( kx — at)

(E) OB nay sin( kx — at)

24. What is the force of radiation pressure on a perfect absorber of area 160 m* when the electromagnetic flux of 1000W/m?
travels in a direction perpendicular to the surface?
(A) 2.61x10*N (B) 5.33x10"N (C) 5.12x10"*N (D) 4.89x10*N (E) 5.01x10*N

25. At a distance of 50 m from a jet fighter which is in the process of take-off, the sound level is 120 dB. What is the sound

level at a distance of 500 m? Assume that the jet is a point source of sound.
(A) 120 dB (B) 100 dB (C) 110 dB (D) 80 dB (E) 90 dB

5% 3 FI o 3
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1. In Base Excision Repair, the enzyme to act is a

(A) gyrase (B) AP endonuclease helicase (C) dam methylase

(D) helicase (E) DNA glycosylase
2. Glycogen phosphorylase can be regulated by :

(A) glycosylation (B) phosphorylation (C) methylation (D) ADP ribosylation  (E) acetylation
3. Which one of the following amino acid side chains can be used in acid-base catalysis?

(A) Glycine. (B) Histidine. (C) Leucine. (D) Valine. (E) Alanine.
4. Which of the following amino acid residues of a protein is involved in ubiquitinylation?

(A) Asparagine. (B) Aspartic acid. (C) Lysine. (D) Arginine. (E) Histidine.
5. For the double-strand break repair of DNA, several proteins are directly involved, such as :

(A) cyclins (B) globulin (C) histone protein

(D) DNA-dependent protein kinase (E) DNA primase

6. Please estimate the molecular weight (g/mole) of a plasmid DNA of E. coli that contains 3000 base pairs.
(A) 2.20 x 10° (B) 7.00 x 10° (C) 1.26 x 10° (D) 1.89 x 10° (E) 2.52 x 10°

7. For different 1IgG molecules, antibody diversity is generated by
(A) alternative splicing of the RNA transcripts
(B) highly regulated expression of one thousand differently antibody genes
(C) post translational modification of antibody genes
(D) somatic recombination and somatic mutations of antibody genes
(E) intron shuffling of antibody genes

8. Tay-Sachs disease is caused by deficiency of

(A) ceramidase (B) sphingomyelinase  (C) beta-galactosidase (D) hexaminidase A (E) alpha-fucosidase
9. Which amino acid is the substrate for NO synthetase to form nitric oxide (NO)?
(A) Glutamine. (B) Arginine. (C) Asparagine. (D) Histidine. (E) Proline.
10. Cholesterol can act as a precursor for each of the following compounds except :
(A) chenodeoxycolic acid (B) 1,25-dihydroxycholecalciferol (C) testosterone
(D) glycocholic acid (E) cholecystokinin
11. The p53 gene (tumor suppressor gene) product is .
(A) a G protein (B) a DNA-binding protein (C) a tyrosine kinase
(D) a serine/threonine kinase (E) a GTPase
12. Pyridoxal phosphate is a cofactor for which of the following enzymatic reaction?
(A) Fixation of carbon dioxide. (B) Oxidation-reduction. (C) Aminotransferase.
(D) Phosphate group transfer. (E) Isomerase.

13. Which of the following enzymes converts stearoyl-CoA to oleoyl-CoA?
(A) A ° desaturase. (B) A ° desaturase. (C) A " desaturase. (D) A ®desaturase. (E) A ° desaturase.

14. All of the following compounds are intermediates of the Kreb cycle except .
(A) isocitrate (B) malate (C) oxaloacetate (D) pyruvate (E) succinate

15. If the numbering of fatty acids in the carboxyl carbon is number 1, which carbon in palmitic acid is oxidized during the first
cycle of B-oxidation?
(A1 (B) 2 ©)3 (D) 4 (E) 15

16. The following techniques could be potentially employed as a tool in gene therapy except :
(A) RNAI (B) Antisense DNA (C) Triplex DNA (D) Ribozyme (E) DNA bending



17. In glycoproteins, the carbohydrate moiety is always attached through the amino acid residues
(A) tryptophan, aspartate or cysteine (B) asparagine, serine or threonine
(C) glycine, alanine or aspartate (D) aspartate or glutamate
(E) glutamine or arginine

18. Sphingosine is not a component of

(A) cardiolipin (B) ceramide (C) cerebrosides (D) gangliosides (E) sphingomyelin
19. The ion channel that opens in response to acetylcholine is an example of a signal transduction system.
(A) G protein (B) ligand-gated (C) receptor-enzyme (D) serpentine receptor (E) voltage-gated

20. A monoclonal antibody differs from a polyclonal antibody in that monoclonal antibodies
(A) are labeled with chemicals that can be visualized
(B) are produced by cells from the same organism that produced the antigen
(C) are synthesized by a population of identical, or “cloned” cells
(D) are synthesized only in living organisms
(E) have only a single polypeptide chain that can recognize an antigen

. CETERE 121-60 - &2 55 » 37 80 53 > Figfi~ RERHII05 57 » BHIIZ 4 “EHI Ehab > F [SFF > DRgsd #1153 -

21. Below is a diagram of two DNA strands that are part of the coding region of gene.
What is the sequence of bases and strand orientation in the transcribed RNA molecular?
5" --- GTACGTGAA---3’ coding strand
3" ---CATGCACTT---5" template strand
(A) 3 GUACGUGAAYS’ (B) 5’ GTACGTGAA 3’
(C) 3 CAUGCACUU 5’ (D) 5 CAUGCACUU 3’
(E) 5 GUACGUGAA 3’

22. The human genetic disease phenylketonuria (PKU) can result from
(A) lack of phenylalanine decarboxylase (B) deficiency in aromatic amino acid transaminase
(C) a deficiency of protein in the diet (D) overproduction of ketone bodies
(E) lack of an enzyme required for converting phenylalanine to tyrosine

23. Which of the following descriptions is not correct?
(A) The leucine zipper motif is important for protein-DNA interaction.
(B) Ribozymes are RNA molecules with catalytic activity.
(C) The poly(A) tail can stimulate recruitment of the 40s ribosomal subunit to mMRNA,; therefore, it is important in initiation
of protein synthesis.
(D) Diphtheria toxin can inhibit mammalian RNA synthesis by reduction the elongation factor-2 activity.
(E) The suppressor tRNA molecules are capable of suppressing missense mutations.

24. “The knock-out mice” is an important animal model for biomedical research. One of the most important techniques
involving in this transgenic animal’s establishment is
(A) receptor expression in embryonic stem cell
(B) gene targeting by homologous recombination
(C) gene amplification in embryonic fibroblast cell
(D) technique of chromosome walking
(E) single nucleotide polymorphism analysis

25. If a sample of DNA is found to have the base composition (molar ratios) of adenine, 40; thymine, 22; guanine, 19 and
cytosine, 19, what conclusion can be drawn?
(A) The DNA is a circular duplex. (B) The DNAis a linear duplex.
(C) The DNA is single stranded. (D) The DNA has highly repetitive sequences.
(E) The DNA has a high melting temperature.

26. Which of the following statements concerning cyclins is not correct?
(A) They catalyze the phosphorylation of cyclin-dependent protein kinases.
(B) They are regulatory subunits for enzymes that catalyze the phosphorylation of proteins.
(C) They are activated and degraded during the cell cycle.
(D) They can become linked to ubiquitin.
(E) They contain specific amino acid sequences that target them for proteolysis.



27.

28.

29.

30.

That the nature of genetic material is DNA is based on

(A) the transforming material is heat-unstable

(B) DNase digestion has no effects but RNase digestion can destroy the activity
(C) the base composition of DNA is constant from one species to another

(D) only DNA can enter the cell if E. coli is infected by T2 phage

(E) UV absorption maximum is at 280 nm

Which one of the following statements relating to the common amino acids is correct?
(A) Glutamine and asparagine have acidic side chains.

(B) Valine and leucine have polar side chains containing an amide group.

(C) Only phenylalanine and tyrosine absorb in the ultraviolet region near 270 nm.

(D) There are three amino acids whose side chains carry a net positive charge at pH 5.
(E) Methionine is one of three sulfur containing amino acids.

Which one of the following statements relating to lipids and membrane is correct?

(A) The non-polar interior of a lipid bilayer relies on salt bridges for its stability.

(B) Triacylglycerols are the simplest of the phospholipids.

(C) Cholesterol molecules are generally used to provide ion channels.

(D) The ability of species to migrate through a lipid bilayer increases with their polarity.
(E) Unsaturated fatty acyl groups used in phospholipids are normally cis isomers.

In a tissue that metabolizes glucose via the pentose phosphate pathway, carbon number 1 of glucose would be expected to
end up principally in

(A) glycogen (B) 3-phosphoglycerate (C) carbon dioxide
(D) ribose-5-phosphate (E) pyruvate

31. Which one of the following statements relating to proteins is correct?

(A) All proteins have quaternary structure.

(B) Histidine is often found at the active site of globular proteins.

(C) The primary structure of a protein describes the amino acid composition, but not the amino acid sequence.
(D) Both alpha-helix and beta-sheet segments occur as secondary structural elements in all proteins.

(E) When proteins are denatured, they can never be reconstituted back to a functional state.

32. The Type Il glycogen disease (Pompe’s disease) is lack of

33.

(A) glucose-6-phosphatase (B) glucose-1-phosphatase
(C) lysosomal alpha-1 to 4- and 1 to 6- glucosidase (acid maltase) (D) debranching enzyme
(E) branching enzyme

Severe combined immunodeficiency disease (SCID) is caused by deficiency of
(A) adenosine deaminase (B) thymidine kinase (C) xanthine oxidase
(D) DNA ligase (E) hypoxanthine-guanine phosphoribosyltransferase

34. Which one of the following statements about natural fatty acids is correct?

(A) Molecules with odd and even numbers of carbon atoms are equally common.

(B) All of the natural fatty acids are unsaturated.

(C) Fatty acids provide a useful source of intermediates for gluconeogenesis.

(D) Oxidation of fatty acids can lead to the production of ketone bodies.

(E) The natural unsaturated fatty acids most commonly have their double bonds in trans geometry.

35. Which one of the following statements relating to lipids and membranes is correct?

(A) Triacylglycerols are the major component of most cell membranes.

(B) Clusters of cholesterol molecules are generally used to provide ion channels.

(C) Na" and K™ ions readily diffuse through the lipid bilayer.

(D) Both saturated and unsaturated fatty acyl groups are used in typical phospholipids.
(E) All phospholipids incorporate a glycerol unit as part of their structure.

36. Which one of the following statements about cholesterol is correct?

(A) The complete oxidation of cholesterol to CO, and H,O occurs in the liver as an energy source.

(B) Cholesterol esters are an important component of the outer monolayer of lipoproteins.

(C) Some cholesterol synthesis occurs in the liver but most takes place in other tissues.

(D) Beta-hydroxy-beta-methylglutaryl-CoA is generated from three molecules of acetyl-CoA and is an intermediate in
cholesterol biosynthesis.

(E) Cholesterol is an important precursor for the production of the various prostaglandins, important in a broad range of
physiological roles.



37. Which of the following enzymes in liver is/are activated as a result of an elevated insulin level after a meal?
(A) cAMP-dependent protein kinase and adenylate cyclase
(B) Fructose 1,6 bisphosphate (FBPase-1)
(C) Glycogen phosphorylase, phosphokinase
(D) Glycogen synthase, phosphofructo-kinase-1 (PFK-1), and pyruvate kinase
(E) Phosphoenolpyruvate carboxykinase (PEPCK)

38. Oncogenes that have tyrosine kinase activity
(A) probably correspond to protooncogenes that are growth factor receptors
(B) probably correspond to protooncogenes that are polypeptide growth factors
(C) are probably Gs proteins
(D) are probably Gi proteins
(E) are probably DNA binding proteins

39. Correct statements regarding arachidonic acid include all of the following except
(A) it is a precursor of thromboxane A, (B) it activates lipoxygenase
(C) it is a 20-carbon fatty acid with three double bonds (D) it can be derived from linoleic acid
(E) it is esterified to the sn-2 position of glycerophospholipids

40. The cost in high-energy phosphate bonds for the formation of 1 mol of glucose from lactate is .
(A) 8 mol of ATP (B) 6 mol of ATP (C) 4 mol of ATP (D) 2 mol of ATP (E) none of the above

41. In the sequence of reactions that convert lactate to glucose in cells capable of gluconeogenesis, three reactions are used to
bypass enzymes of the glycolytic pathway in which glucose is converted to lactate.  All of the following enzymes fall into
this category except
(A) pyruvate carboxylase (B) pyruvate dehydrogenase
(C) phosohoenolpyruvate carboxykinase (D) fructose 1,6-diphosphatase
(E) glucose 6-phosphatase

42. Carbon monoxide inhibits mitochondria electron transport by
(A) binding to hemoglobin in the erythrocytes and so blocking the transport of oxygen to tissues
(B) binding to the oxygen-binding site of cytochrome oxidase
(C) blocking electron transport at the level of the cytochrome b-cytochrome ¢c; complex (complex I11)
(D) combining with coenzyme Q and preventing its interaction with nonheme iron-surfur-protein center of complex 11
(E) inhibiting the electron transfer of complex I

43. If the substrate concentration in an enzyme catalyzed reaction is equal to 0.5 Km, the initial reaction velocity will
be :
(A) 0.25 Vmax (B) 0.33 Vmax (C) 0.50 Vmax (D) 0.67 Vmax (E) 0.75 Vmax

44. An enzyme that catalyzes the conversion of an aldose sugar to a ketose sugar would be classified as one of the
(A) oxidoreductases (B) transferases (C) hydrolases (D) isomerases (E) lyases

45. An analysis of chromosomal DNA, using the Southern blot technique, involves the following five major steps:
(O Autoradiography; @ Blotting; @ Cleavage; @ Electrophoresis; ® Hybridization;
Which of the following sequences of steps best illustrates this technique?

(A) VQBWE (B) ©DE@®E (€) ®B2®D (D) @2GBWO (E) @O0

46. The two nitrogen atoms in urea arise from
(A) ammonia and glutamine (B) glutamine and aspartic acid
(C) glutamine and glutamic acid (D) glutamic acid and alanine
(E) ammonia and aspartic acid

47. Which of the following statements about antibiotic inhibitors of protein synthesis is correct?
(A) Chloamphenicol inhibits the peptidyl transferase activity of the large ribosomal subunit in eukaryotes.
(B) Cycloheximide inhibits the peptidyl transferase activity of the large ribosomal subunit in eukaryotes.
(C) Puromycin blocks protein synthesis in prokaryotes only.
(D) Streptomycin inhibits protein synthesis by binding to 30S ribosomal subunits.
(E) Erythromycin inhibits translocation in eukaryotes only.



48.

A biochemist is attempting to separate a protein X from protein C in a solution. The proteins have the following properties:
pl (isoelectric point) size Mr bind to DNA?
protein C 7.9 23,000 no
protein X 7.8 22,000 yes
What type of protein separation techniques might be the best one to separate protein X from protein C?
(A) Gel filtration (B) SDS-polyacrylamide gel electrophoresis
(C) Affinity chromatography (D) lon-exchanger chromatography

(E) Agarose gel electrophoresis

49. A sequence of amino acids in a certain protein is found to be —Ser-Gly-Pro—-Gly—.  The sequence is most probably part of

50.

ol.

52.

53.

54,

55.

a(n) .

(A) B-turn (B) parallel B-sheet (C) a-helix

(D) a-sheet (E) antiparallel p-sheet

Which of the following is (are) true of the oxidation of 1 mol of palmitate (a 16-carbon saturated fatty acid; 16:0) by the

B-oxidation pathway, beginning with the free fatty acid in the cytoplasm?
(D Activation of the free fatty acid requires the equivalent of two ATPs.
@ Inorganic pyrophosphate (PPj) is produced.

(® Carnitine functions as an electron acceptor.

@ 8 mol of FADH, are formed.

® 8 mol of acetyl-CoA are formed.

® There is no direct involvement of NAD .

(A) @ and ® B O@ad® (C)O®@ad® O)OGad® (E) @ and ®
Which of the following peptides is more likely to be nuclear targeting signal?

(A) ser-ser-thr-asn-arg-lys-met-thr (B) arg-lys-lys-arg-arg-lys-leu-met

(C) met-leu-ile-phe-leu-met-ile-ile (D) ser-ser-thr-thr-thr-thr-ser-thr-ser

(E) asn-lys-ser-asn-lys-ser-asn-lys-ser

Myoglobin and the subunits of hemoglobin have

(A) no obvious structural relationship

(B) very different primary and tertiary structures

(C) very similar primary and tertiary structures

(D) very similar primary structures, but different tertiary structures
(E) very similar tertiary structures, but different primary structures

Which one of the following analytical techniques does not help illuminate a gene’s cellular function?
(A) Southern blotting (B) DNA microarray analysis
(C) Protein chip analysis (D)Two-dimensional gel electrophoresis

(E) Two-hybrid analysis

Hormone-activated phospholipase C can convert phosphatidylinositol 4,5-bisphosphate to
(A) diacylglycerol + inositol triphosphate (B) diacylglycerol + inositol+ phosphate
(C) glycerol + inositol + phosphate (D) glycerol + phosphoserine

(E) phosphatidyl glycerol + inositol + phosphate

Oxidative phosphorylation and photophosphorylation share all of the following except
(A) chlorophyll

(B) involvement of cytochromes

(C) participation of quinones

(D) proton pumping across a membrane to create electrochemical potential

(E) use of iron-sulfur proteins

56. A certain bacterial mRNA is known to represent only one gene and to contain about 800 nucleotides. If you assume that

the average amino acid residue contributes 110 to the peptide molecular weight, the largest polypeptide that this mMRNA
could code for would have a molecular weight of about :

(A) 800 (B) 30,000 (C) 5,000

(D) 80,000 (E) An upper limit cannot be determined from the data given



57. Which of the following statements about the polymerase chain reaction (PCR) is false?
(A) DNA amplified by PCR can be cloned.
(B) DNA is amplified at many points within a cellular genome.
(C) Newly synthesized DNA must be heat-denatured before the next round of DNA synthesis begins.
(D) The boundaries of the amplified DNA segment are determined by the synthetic oligonucleotides used to prime DNA
synthesis.
(E) The technique is sufficiently sensitive that DNA sequences can be amplified from a single animal or human hair.

58. Which of the following is not true of the citric acid cycle?
(A) All enzymes of the cycle are located in the cytoplasm, except succinate dehydrogenase, which is bound to the inner
mitochondrial membrane.
(B) In the presence of malonate, one would expect succinate to accumulate.
(C) Oxaloacetate is used as a substrate but is not consumed in the cycle.
(D) Succinate dehydrogenase channels electrons directly into the electron transfer chain.
(E) The condensing enzyme is subject to allosteric regulation by ATP and NADH.

59. Steroid receptor proteins are a class of closely-related DNA binding proteins. These steroid receptor proteins contain tandem
DNA binding motifs called
(A) zinc fingers (B) homeodomains (C) leucine zippers
(D) helix-turn-helix motifs (E) helix-loop-helix motifs

60. Which of the following sequences is most likely to contain a termination signal for procaryotic RNA polymerase?
(A) 5’-GUGCGGCGAUUCAUCGCCGCUUUUUAGCUCCUAGC-3’
(B) 5’-GUGCGGCGAUUCAUCGCCGCAGCUCCUAGCUUUUU-3’
(C) 5’-AUUCAUGUGCGGCGCGCCGCAGCUCCUAGCUUUUU-3’
(D) 5’-GUGCGGCGAUUCAUCGCCGCAAUAAAGGGGGCCCC-3’
(E) 5’-AAAAAUUUUUUAAUAAAAGGGGGGGGUUUUUUGG-3’
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