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OJEE MTech Biotechnology Sample Paper
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.

A) Mode and Time: The exam is a Computer Based Test (CBT) lasting 120
minutes.

B) Total Questions: The exam contains 90 questions.
C) Marking Scheme & Rules:

e +4 marks for each correct answer; -1 mark for each incorrect answer.

Q1. Which of the following weak intermolecular interactions is highly directional and
primarily responsible for the specificity of base pairing in the DNA double helix?

A. Van der Waals forces
B. Hydrophobic interactions
C. Hydrogen bonding

D. Ionic interactions

Q2. In a Ramachandran plot, which region is strictly forbidden for an amino acid residue
like proline due to its rigid cyclic structure?

A. Right-handed alpha-helix
B. Left-handed alpha-helix
C. Parallel beta-sheet

D. Anti-parallel beta-sheet

Q3. An enzyme catalyzes a bi-substrate reaction via a ping-pong bi-bi mechanism. Which
of the following Lineweaver-Burk plot patterns will be observed when the concentration
of one substrate is varied at different fixed concentrations of the second substrate?

A. Intersecting lines on the y-axis
B. Intersecting lines on the x-axis
C. Parallel lines

D. Lines intersecting in the third quadrant

Q4. The catalytic efficiency of an enzyme is best represented by which of the following
kinetic parameters?

A K,
B. Vmax
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C. keat/ K
D. kcat

Q5. Which structural motif is most commonly employed by regulatory proteins to bind
specifically to the major groove of B-form DNA?

A. Beta-barrel
B. Zinc finger
C. Helix-turn-helix

D. Leucine zipper

Q6. In uncompetitive inhibition, how do the apparent K,, and V,,,, values change
compared to the uninhibited enzymatic reaction?

A. Both decrease
B. Both increase
C. K,, increases, V,,q. decreases

D. K,, decreases, V., remains unchanged

Q7. Which conformation of DNA is favored under high-salt conditions or in the presence
of alternating purine-pyrimidine sequences?

A. A-DNA
B. B-DNA
C. Z-DNA
D. H-DNA

Q8. The folding of globular proteins is predominantly driven by:

A. Maximizing hydrogen bonds
B. The hydrophobic effect
C. Disulfide bond formation

D. Electrostatic repulsion

Q9. A single-substrate enzyme follows Michaelis-Menten kinetics. If the substrate con-
centration is equal to 3K,,, what fraction of V,,., is the initial velocity?

A. 0.50V 00z
B. 0.67V, 0z
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C. 0.75V e
D. 0.90V 40

Q10. Allosteric enzymes often display a sigmoidal kinetics curve. This behavior is
primarily due to:

A. Covalent modification
B. Substrate inhibition
C. Cooperative binding of substrates

D. Irreversible inhibition

Q11. Which intermediate of the TCA cycle is directly used for the synthesis of porphyrins
and heme?

A. Alpha-ketoglutarate
B. Succinyl-CoA
C. Oxaloacetate

D. Citrate

Q12. During oxidative phosphorylation, the highest proton motive force is generated by
which complex in the electron transport chain?

A. Complex I

B. Complex II
C. Complex III
D. Complex IV

Q13. In the regulation of glycolysis, which enzyme acts as the primary pacemaker and
is allosterically inhibited by ATP and citrate?

A. Hexokinase
B. Phosphofructokinase-1 (PFK-1)

C. Pyruvate kinase

D. Aldolase

Q14. How many net ATP molecules are generated from the complete oxidation of one
molecule of glucose via substrate-level phosphorylation alone?

A2
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4
6
32

The sodium-potassium pump (Na®™/K* ATPase) is an example of primary active

transport. For every molecule of ATP hydrolyzed, what is the transport stoichiometry?

A.
B.
C.
D.

Q16.

3 Nat in, 2 K™ out
3 Na™ out, 2 KT in
2 Na™ out, 3 KT in

2 Nat in, 3 K out

Which phase of the cell cycle is targeted by the regulatory protein p53 to halt

division upon detecting DNA damage?

Al
B.
C.
D.

Q17.

G1/S transition
S phase
G2/M transition

M phase

Voltage-gated ion channels are crucial for action potentials. The inactivation of

sodium channels during the absolute refractory period is mediated by:

A. A voltage-sensing alpha helix

o aQ W

Q18.

o Q w =

Q109.

. A ball-and-chain peptide motif
. Depletion of intracellular ATP

. Phosphorylation by PKA

In ABC transporters, the binding of ATP occurs at the:

. Transmembrane domains
. Nucleotide-binding domains
. Extracellular loops

. Substrate binding site

Cyclin-dependent kinases (CDKs) are fully activated when they are bound to a

cyclin and:

A.

Phosphorylated at a specific threonine residue

4
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B. Ubiquitinated

C. Bound to p21

D. Cleaved by caspases
Q20. Which metabolic pathway operates simultaneously with glycolysis to generate
NADPH and ribose-5-phosphate?

A. Gluconeogenesis

B. Pentose Phosphate Pathway

C. Cori cycle

D. Glyoxylate cycle
Q21. What drives the rotation of the F} portion of ATP synthase during oxidative
phosphorylation?

A. Hydrolysis of ATP

B. Flow of electrons

C. Flow of protons through the F, subunit

D. Conformational changes in the mitochondrial matrix
Q22. Uncoupling agents like 2,4-dinitrophenol (DNP) disrupt oxidative phosphorylation
by:

A. Inhibiting Complex IV

B. Dissipating the proton gradient

C. Blocking the ATP synthase pore

D. Preventing the binding of ADP
Q23. The transport of glucose across the intestinal epithelium against its concentration

gradient is driven by:

Al
B.
C.
D.

Q24.

Primary active transport
Secondary active transport (symport with Na™)
Facilitated diffusion

Pinocytosis

Which secondary messenger directly triggers the release of calcium ions from the

endoplasmic reticulum?
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A. cAMP
B. ¢cGMP
C. Diacylglycerol (DAG)

D. Inositol 1,4,5-trisphosphate (IP3)

Q25. Apoptosis is tightly regulated by the Bcl-2 family of proteins. Which of the
following is considered a pro-apoptotic member?

A. Bel-xg,
B. Bel-w
C. Bax
D. Bcl-2

Q26. The unique component found in the cell walls of Gram-positive bacteria that
anchors the peptidoglycan to the cell membrane is:

A. Lipopolysaccharide
B. Teichoic acid

C. Mycolic acid

D. Chitin

Q27. Which eukaryotic organelle is physically connected to the nuclear envelope and is
highly developed in cells synthesizing secretory proteins?

A. Golgi apparatus
B. Rough endoplasmic reticulum
C. Smooth endoplasmic reticulum

D. Lysosome

Q28. In continuous microbial culture (chemostat), the specific growth rate of the mi-
croorganisms is controlled directly by:

A. Temperature
B. Agitation speed
C. Dilution rate

D. Inoculum size

Q29. Nitrogenase, the enzyme responsible for biological nitrogen fixation, is extremely
sensitive to:
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A. Carbon dioxide
B. Oxygen
C. Methane

D. Hydrogen gas

Q30. During the light-dependent reactions of photosynthesis, the primary electron ac-
ceptor of Photosystem II is:

A. Plastoquinone
B. Pheophytin
C. Ferredoxin

D. Plastocyanin

Q31. In anaerobic respiration, which of the following can serve as the terminal electron
acceptor in some bacteria?

A. Oxygen
B. Water
C. Nitrate

D. Pyruvate

Q32. The Monod equation models microbial growth kinetics. When the substrate con-
centration is much greater than K, the growth rate is:

A. Zero
B. Half of maximum
C. Equal to the maximum specific growth rate (fmaz)

D. Exponentially increasing

Q33. Auxotrophic mutants require specific nutritional supplements to grow. A mutant
unable to synthesize histidine is grown on a minimal medium. What will happen?

A. Tt will grow slowly
B. It will not grow
C. It will reverse the mutation

D. It will switch to an alternative pathway

Q34. The cytoskeleton component responsible for chromosome segregation during mito-
sis is:
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A

O Q W

Q36.

o aQ w =

Q37.

The
A
B
C
D

Q38

Your Personal Exams Guide

. Actin filaments

. Intermediate filaments

. Microtubules

. Myosin

. Photorespiration occurs when the enzyme RuBisCO acts as an oxygenase. This
arily happens under conditions of:

. High CO5 and low O,

. Low CO5 and high O,

. Low light and high humidity
. High ATP levels

Base analogs like 5-bromouracil induce mutations primarily by causing:

. Frameshifts
. Deletions
. Transitions

. Transversions

In bacterial conjugation, an Hfr cell transfers its genetic material to an F~ cell.
F~ cell usually remains F~ because:

. The pilus degrades
. Only part of the integrated plasmid is transferred before the mating bridge breaks
. The DNA is restricted by endonucleases

. Plasmids cannot replicate in F~ cells

. Which DNA polymerase in E. coli possesses 5’ to 3’ exonuclease activity utilized

for primer removal?

A
B
C
D

Q39

. DNA Polymerase 1

. DNA Polymerase 11
. DNA Polymerase 111
. DNA Polymerase IV

. Telomerase is a ribonucleoprotein complex that elongates the ends of linear chro-

mosomes. It exhibits which of the following enzymatic activities?

8
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. DNA-dependent RNA polymerase
. RNA-dependent DNA polymerase
. RNA-dependent RNA polymerase
. DNA-dependent DNA polymerase

The molecular mechanism of the lac operon represents:

. Positive inducible control
. Negative inducible control
. Positive repressible control

. Negative repressible control

In eukaryotic transcription, the TATA-binding protein (TBP) is a subunit of which

general transcription factor?

A.
B.
C.
D.

Q42.

TFIIA
TFIIB
TFIID
TFITH

Alternative splicing of pre-mRNA is a crucial regulatory mechanism because it

allows:

A.
B.
C.

A single gene to encode multiple protein isoforms
Faster mRNA degradation

Immediate translation without processing

D. Bypassing the need for a promoter

Q43.

Nonsense mutations lead to premature translation termination. Which of the

following codons is a termination codon?

A. UGG

B.
C.

UAG
AUG

D. UCA

Q44. Epigenetic modifications, such as DNA methylation, typically occur at which
nucleotides in mammalian genomes?
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A. Cytosines in CpG dinucleotides
B. Adenines in GATC sequences
C. Guanines in promoter regions

D. Thymines in replication origins

Q45. In Mendelian genetics, a dihybrid cross of heterozygous individuals (AaBb x AaBb)
exhibiting independent assortment yields a phenotypic ratio of:

A 31

B. 9:3:3:1
C. 1:2:1
D. 9:7

Q46. A recombination frequency of 50% between two loci indicates that:

A. The genes are tightly linked

B. The genes are located on different chromosomes or are very far apart on the same
chromosome

C. Recombination never occurs

D. There is a mutation in the recombination machinery

Q47. Klinefelter syndrome is a chromosomal abnormality resulting from nondisjunction.
Its karyotype is typically:

A. 45, XO

B. 47, XXY
C. 47, XYY
D. 47, XXX

Q48. In the Hershey-Chase experiment proving DNA is the genetic material, which
radioactive isotopes were used to label proteins and DNA, respectively?

A. 3°S and 32P
B. 32P and %°S
C. "C and N
D. N and *C

Q49. The Shine-Dalgarno sequence in prokaryotic mRNA pairs with:

10
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. The 5 end of the tRNA
. The 16S rRNA of the 30S ribosomal subunit
. The 23S rRNA of the 50S ribosomal subunit

. The initiation factor I1F-2

. An enhancer element in eukaryotic gene regulation is characterized by its ability

. Act only downstream of the promoter
. Function independently of its orientation
. Replace the core promoter

. Bind exclusively to RNA polymerase

. MHC Class I molecules present endogenous peptide antigens to which class of T

cells?

A
B
C
D

Q52

. CD4*" Helper T cells
. CD8* Cytotoxic T cells
. Regulatory T cells

. Natural Killer cells

. Which mechanism is primarily responsible for the generation of tremendous anti-

body diversity in B cells?

A
B
C
D

Q53

. Alternative splicing
. Somatic hypermutation
. V(D)J recombination

. Gene amplification

. The hybridoma technology for producing monoclonal antibodies involves fusing a

specific B cell with:

A AT cell

B
C

. A macrophage

. A myeloma cell

D. A dendritic cell

Q54. In bioprocess engineering, the volumetric mass transfer coefficient (kpa) is critical
for scaling up aerobic fermentations. It measures the transfer rate of:

11
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Carbon dioxide out of the liquid
Oxygen from the gas phase to the liquid phase
Nutrients into the microbial cell

Heat away from the bioreactor

Which of the following sterilization methods achieves cellular destruction by cross-

linking DNA and proteins, and is commonly used for heat-sensitive materials?

A.
B.
C.
D.

Q56.

Autoclaving
Ethylene oxide gas
Dry heat sterilization

Pasteurization

During downstream processing, which technique is most suitable for recovering an

intracellular recombinant protein?

A.

o aQ w

Q57.

o o w =

Q58.

o o w >

Q59.

Centrifugation

. Liquid-liquid extraction
. Cell disruption (e.g., sonication) followed by chromatography

. Cross-flow filtration

Affinity chromatography purifies biomolecules based on:

. Net charge
. Molecular size
. Hydrophobicity

. Specific, reversible biological interactions

In a stirred tank bioreactor, the power number (V,) depends heavily on:

. The impeller diameter and fluid density in fully turbulent flow
. The height of the bioreactor
. The pH of the medium

. The sterilization time

Which immunoglobulin class is the first to be secreted during a primary immune

response and exists primarily as a pentamer?

12
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IgG

B. IgA

C. IgM

D.

Q60.

IgE

The complement system can be activated by the classical pathway, which is initi-

ated by the binding of Clq to:

A.

Bacterial lipopolysaccharide

B. Antigen-antibody complexes

C.
D.

Q61.

Mannose-binding lectin

Mast cells

For a square matrix A, if A2 = A, the matrix is called idempotent. What are the

possible eigenvalues of an idempotent matrix?

A.

Q62.

2A7

Q63.

o o w >

Q64.

B
C.
D

g aQ ® »

0 and 1

.1 and -1

0 only

. Complex roots of 1

Let A be a 3x3 matrix with determinant 5. What is the determinant of the matrix

. 10

20
40

. 80

The system of linear equations Az = b has infinitely many solutions if:

. Rank(A) = Rank([A|b]) = number of variables
. Rank(A) j Rank([Ab])

. Rank(A) = Rank([A]b]) | number of variables
. Det(A) # 0

sin(3x)

Evaluate the limit: lim, o ==

13
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A. 0
B. 3/5
C.5/3
D. 1

Q65. A function f(z,y) = 2%y + y3 is given. The partial derivative with respect to x,
evaluated at (2, 1), is:

A4
B.5
C.2
D.8

Q66. The directional derivative of f(z,y) = zy? at the point (1,2) in the direction of
the vector i+ j is:

A4

B. 8

C. 8/V2
D. 12/V2

Q67. According to Green’s Theorem, the line integral of P dx + Q) dy over a closed curve
C is equal to the double integral over the enclosed region D of:

A gL
B. 9298
C. 9o %
D. 48+ &2

68. The differential equation % + P(z)y = Q(z)y" is known as:
dx
. Exact equation
. Clairaut’s equation

. Bernoulli’s equation

o aQ W =

. Riccati equation

Q69. The integrating factor for the linear first-order differential equation j—g + %y = 72

1s:

14
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A 2?
B. e*
C. 2x
D. In(x)

Q70. The general solution to the second-order homogeneous differential equation y” —
4y + 4y =0 is:

Ay = Cre¥ 4 Che

B.y = (C) + Cox)e*

C. y = e**(Cy cos(x) + Cysin(x))
D.y = Ce*

Q71. Using the Newton-Raphson method to find the root of f(z) = 2% — 5 = 0, starting
with an initial guess o = 2, what is the value of x,?

A. 225
B. 2.50
C. 2.10
D. 2.20

Q72. Simpson’s 1/3 rule for numerical integration is exact for polynomials up to what
degree?

Al
B.2
C.3
D. 4

Q73. A bag contains 4 red and 6 blue balls. If two balls are drawn at random without
replacement, what is the probability that both are blue?

A 1/3
B. 3/5
C.2/5
D.1/5

Q74. For a Poisson distribution, if the variance is 4, what is the expected value (mean)?

15
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2

B. 4

C.8

D.

Q75.

16

If the correlation coefficient (r) between two variables x and y is exactly -1, this

indicates:

A.

No linear relationship

B. A perfect positive linear relationship

C.
D.

Q7.

A perfect negative linear relationship

A non-linear relationship

In a normal distribution, approximately what percentage of the data falls within

two standard deviations of the mean?

Q7.

o o w =

Q78.

Q9.

o Q w »

o w »

. 68%

95%

. 99.7%
. 50%

The Lagrange interpolation polynomial is primarily used for:

. Solving differential equations
. Curve fitting for given discrete data points
. Finding eigenvalues

. Matrix inversion

The determinant of an orthogonal matrix can be:

. Any real number

0
.+1lor-1
. Only +1

Which of the following numerical methods provides the highest order of accuracy

for solving ordinary differential equations?

16
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Euler’s method
Modified Euler’s method
Runge-Kutta 2nd order

Runge-Kutta 4th order

If A and B are mutually exclusive events with P(A) = 0.3 and P(B) = 0.5, what

is P(AU B)?

A.

Q81.

o o W =

Q82.

o o W =

Q83.

o Q W

0.15

. 0.8
. 0.2

0

”Ribosome” is to ”Translation” as ”Nucleolus” is to:

. Transcription
. RNA processing
. Ribosome assembly

. DNA replication

Find the odd one out from the group:

. Hexokinase
. Trypsin
. Amylase

. Insulin

If ”"BIOLOGY” is coded as "YRLOLTB”, how is ”GENETICS” coded in that

same pattern? (Assume a reversal or alphabet shift pattern, hint: look at complementary
alphabet positions A=Z7, B=Y)

A.
B.
C.
D.

Q84.

TVMVGRXH
TUMVGRXH
TVNVHRXH
TVMVFSXH

Complete the series: 3, 8, 18, 38, 78, 7

17
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AL 118
B. 138
C. 158
D. 178

Q85. Statements: All cells are microscopic. Some microscopic things are viruses. Con-
clusions: 1. All viruses are cells. II. Some cells are viruses.

A. Only I follows

B. Only II follows

C. Both I and II follow
D. Neither I nor II follows

Q86. Which diagram best represents the relationship between ” Enzymes, Proteins, and
Carbohydrates”?

A. Enzymes entirely inside Proteins, Carbohydrates separate.
B. Three overlapping circles.
C. Proteins and Carbohydrates overlapping, Enzymes separate.

D. All three entirely separate.

Q87. Pointing to a photograph of a man, a woman said, ”His brother’s father is the only
son of my grandfather.” How is the woman related to the man in the photograph?

A. Mother
B. Aunt
C. Sister

D. Daughter

Q88. A, B, C, D, and E are sitting in a row facing North. A is to the immediate right of
B. E is at the extreme left. C is between A and D. Who is sitting exactly in the middle?

A A
B.B
C.C
D.D

Q89. A bioreactor’s yield over 4 days is recorded as 10g, 25g, 45g, and 70g. If the rate
of yield growth is modeled quadratically, which value is the most likely yield on Day 57

18
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A. 95¢g
B. 100g
C. 105g

D. 120g

Q90. If a certain restriction enzyme cuts a linear DNA molecule 5 times, and a circular
plasmid DNA 5 times, how many fragments are produced respectively?

A.5and 5
B. 6 and 5
C. 5 and 6
D. 6 and 6

19
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1. Answer: C
Explanation: Hydrogen bonds form specifically between complementary purine
and pyrimidine bases (A-T and G-C). These highly directional interactions are pri-

marily responsible for the specificity and stability of base pairing in the DNA double
helix.

2. Answer: B

Explanation: Proline has a rigid, cyclic pyrrolidine side chain that heavily restricts
its ¢ (phi) dihedral angle. This steric hindrance strictly forbids it from adopting
the conformation required for a left-handed alpha-helix.

3. Answer: C

Explanation: In a ping-pong bi-bi mechanism, the binding of the first substrate
and release of the first product occurs before the second substrate binds. Varying
the second substrate’s concentration alters both V,,,, and K,, proportionately, re-
sulting in parallel lines on the Lineweaver-Burk plot.

4. Answer: C

Explanation: The specificity constant, k.. /K,,, reflects both binding affinity and
catalytic rate. It is the most robust measure of an enzyme’s overall catalytic effi-
ciency and its preference for different substrates.

5. Answer: C

Explanation: The helix-turn-helix is a classic structural motif where one alpha
helix stabilizes the structure and the second "recognition helix” inserts directly into
the major groove of B-form DNA to bind specific sequences.

6. Answer: A

Explanation: Uncompetitive inhibitors bind only to the enzyme-substrate (ES)
complex. This removes functional ES complexes (lowering apparent V... ) and shifts
the binding equilibrium to the right, which increases apparent affinity (lowering ap-
parent K,,).

7. Answer: C

Explanation: Z-DNA is a left-handed helical structure that forms a distinct zigzag
backbone. It is thermodynamically favored in sequences with alternating purines
and pyrimidines (like CGCGCG) under high-salt conditions.

8. Answer: B

Explanation: The folding of globular proteins is thermodynamically driven by the
hydrophobic effect. Non-polar amino acid side chains collapse into the core to avoid
water, maximizing the entropy of the surrounding aqueous solvent.

9. Answer: C
Explanation: Using the Michaelis-Menten equation, v = (Vinaz[S])/(Km + [S]).
Substituting [S] = 3K, gives v = (Viaz - 3Km)/(4Ky) = 3/4V ez, or 0.75V, 4z

10. Answer: C

Explanation: Allosteric enzymes possess multiple binding sites. The binding of
a substrate to one active site induces a conformational change that increases the
affinity of remaining sites, creating a sigmoidal (S-shaped) kinetic curve.

20
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11. Answer: B

Explanation: Succinyl-CoA is an intermediate in the TCA cycle that acts as a
vital precursor for biosynthesis. It condenses with glycine to form §-aminolevulinic
acid, the first step in porphyrin and heme synthesis.

12. Answer: A
Explanation: Complex I (NADH dehydrogenase) and Complex III each pump 4
protons into the intermembrane space per electron pair. This significant transloca-

tion generates a major portion of the proton motive force (Complex IV pumps only
2).

13. Answer: B

Explanation: PFK-1 catalyzes the first committed, rate-limiting step of glycoly-
sis. It is heavily regulated and allosterically inhibited by high cellular energy states
signaled by elevated levels of ATP and citrate.

14. Answer: B

Explanation: Substrate-level phosphorylation yields a net of 2 ATP during glycol-
ysis and 2 ATP (or GTP equivalents) during the TCA cycle per glucose molecule.
This totals 4 net ATP without involving the electron transport chain.

15. Answer: B

Explanation: The Na™ /K™ ATPase uses the energy from the hydrolysis of one
ATP molecule to pump 3 sodium ions out of the cell and 2 potassium ions into the
cell, maintaining vital electrochemical gradients.

16. Answer: A

Explanation: The p53 protein acts as a crucial tumor suppressor and cell cycle
checkpoint regulator. Upon detecting DNA damage, it halts the cell cycle at the
G1/S transition to allow for repair before DNA replication begins.

17. Answer: B

Explanation: Following depolarization, sodium channels rapidly inactivate via a
”ball-and-chain” mechanism. A cytoplasmic peptide segment (the "ball”) physi-
cally plugs the open channel pore, establishing the absolute refractory period.

18. Answer: B

Explanation: ATP-binding cassette (ABC) transporters feature highly conserved
cytoplasmic Nucleotide-Binding Domains (NBDs). ATP binds and hydrolyzes at
these domains, driving the conformational changes required for substrate transport.

19. Answer: A

Explanation: While binding to a cyclin is necessary, CDKs remain partially inac-
tive until phosphorylated by a CDK-activating kinase (CAK). This phosphorylation
at a specific threonine residue fully opens the active site.

20. Answer: B

Explanation: The Pentose Phosphate Pathway branches off from glycolysis at
glucose-6-phosphate. Its primary role is anabolism, generating NADPH for reduc-
tive biosynthesis and ribose-5-phosphate for nucleotide synthesis.

21. Answer: C
Explanation: The proton motive force drives protons back into the matrix exclu-
sively through the membrane-bound F, subunit of ATP synthase. This flow causes

21
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the F, ring to rotate, transmitting mechanical energy to the F; catalytic head.

22. Answer: B

Explanation: Uncouplers like DNP are lipid-soluble weak acids that ferry protons
across the inner mitochondrial membrane, bypassing ATP synthase. This dissipates
the proton gradient, converting oxidative energy directly into heat rather than ATP.

23. Answer: B

Explanation: Glucose is absorbed into intestinal epithelial cells via the SGLT1
transporter. This is secondary active transport, using the inward movement of Na™
(driven by the Na* /K" pump gradient) to drag glucose against its gradient.

24. Answer: D

Explanation: When a GPCR activates phospholipase C, it cleaves PIP; into DAG
and IP3. IPj is a soluble secondary messenger that diffuses to the endoplasmic retic-
ulum and opens ligand-gated calcium channels.

25. Answer: C

Explanation: The Bcl-2 family controls the intrinsic apoptotic pathway. While
Bcl-2 and Bel-x;, are anti-apoptotic (preventing cell death), Bax and Bak are pro-
apoptotic, oligomerizing to form pores in the mitochondrial outer membrane.

26. Answer: B

Explanation: Gram-positive cell walls contain teichoic and lipoteichoic acids wo-
ven into their thick peptidoglycan layer. These anionic polymers help anchor the
wall to the membrane and maintain cellular structural integrity.

27. Answer: B

Explanation: The rough ER is studded with ribosomes and is physically continu-
ous with the outer nuclear membrane. It acts as the primary site for the translation,
folding, and processing of secretory and membrane-bound proteins.

28. Answer: C

Explanation: In a chemostat, the continuous addition of fresh medium and re-
moval of spent medium dictates growth. The specific growth rate (u) naturally
equilibrates to equal the dilution rate (D) under steady-state conditions.

29. Answer: B

Explanation: Nitrogenase requires a strictly anaerobic environment because oxy-
gen irreversibly oxidizes and destroys its iron-sulfur cofactors. Nitrogen-fixing or-
ganisms have evolved various adaptations (like leghemoglobin) to sequester oxygen.

30. Answer: B

Explanation: Upon light excitation, the reaction center chlorophyll of Photosys-
tem II (P680*) donates an electron to pheophytin. Pheophytin acts as the primary
electron acceptor before passing the electron to plastoquinone.

31. Answer: C

Explanation: In anaerobic respiration, organisms lack oxygen but still use an elec-
tron transport chain. They rely on alternative exogenous molecules, such as nitrate
(reduced to nitrite or nitrogen gas), sulfate, or carbonate as terminal electron ac-
ceptors.

32. Answer: C
Explanation: The Monod equation is & = (tmaz - S)/(Ks +.5). When substrate

22



www.prepp.in P repp

Your Personal Exams Guide

concentration (S) is vast and non-limiting (S > Kj), the K becomes negligible,
and p approaches its maximum potential, fi,,4.-

33. Answer: B

Explanation: Auxotrophs harbor mutations in vital biosynthetic pathways. A his-
tidine auxotroph cannot synthesize its own histidine; therefore, it absolutely cannot
grow on a minimal medium lacking this specific amino acid supplement.

34. Answer: C

Explanation: Microtubules form the mitotic spindle apparatus. They attach to
the kinetochores of sister chromatids and utilize motor proteins to orchestrate the
physical separation and segregation of chromosomes to opposite poles.

35. Answer: B

Explanation: RuBisCO cannot perfectly discriminate between CO5 and O,. When
internal oxygen levels are high and carbon dioxide is depleted (often due to closed
stomata in hot weather), RuBisCO binds O,, initiating the wasteful photorespira-
tion pathway:.

36. Answer: C

Explanation: 5-bromouracil is a thymine analog that frequently undergoes tau-
tomeric shifts. This causes it to pair mistakenly with guanine instead of adenine,
leading to standard purine-to-purine or pyrimidine-to-pyrimidine transitions (A-T
to G-C).

37. Answer: B

Explanation: In an Hfr cross, the integrated F factor initiates transfer of the host
bacterial chromosome. Because the entire chromosome is massive, the fragile con-
jugation bridge invariably breaks before the actual F factor region is transferred,
leaving the recipient F~.

38. Answer: A

Explanation: While DNA Pol III handles bulk replication, DNA Polymerase I is
specialized for processing Okazaki fragments. It utilizes its unique 5’ to 3’ exonu-
clease activity to degrade RNA primers, replacing them with DNA.

39. Answer: B

Explanation: Telomerase is a specialized reverse transcriptase. It carries its own
internal RNA template, utilizing an RNA-dependent DNA polymerase activity to
add repetitive DNA sequences to the 3’ ends of linear chromosomes.

40. Answer: B

Explanation: The lac operon is kept inherently ”off” by a bound repressor protein
(negative control). It is only turned "on” (induced) when the inducer (allolactose)
binds the repressor, forcing it to release the operator DNA.

41. Answer: C

Explanation: The TATA-binding protein (TBP) is the critical core subunit of the
TFIID complex. It binds directly to the TATA box within the eukaryotic promoter,
bending the DNA and recruiting other transcription factors.

42. Answer: A
Explanation: Alternative splicing selectively includes or excludes different exons
from the pre-mRNA transcript. This allows eukaryotes to generate varied mature
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mRNAs—and therefore multiple distinct protein isoforms—from a single genetic
locus.

43. Answer: B

Explanation: The standard genetic code contains three nonsense or termination
codons that do not code for any amino acid: UAA (ochre), UAG (amber), and
UGA (opal). They signal the ribosome to halt translation.

44. Answer: A

Explanation: In mammalian epigenetics, DNA methylation predominantly tar-
gets the 5-carbon position of cytosine residues that sit immediately adjacent to
guanines (CpG islands). This methylation is highly correlated with transcriptional
silencing.

45. Answer: B

Explanation: Mendel’s law of independent assortment dictates that two unlinked
heterozygous traits will segregate independently. This standard dihybrid cross pro-
duces a phenotypic ratio of 9 (both dominant) : 3 (one dominant) : 3 (other
dominant) : 1 (both recessive).

46. Answer: B

Explanation: A 50% recombination frequency is the maximum measurable link-
age. It indicates independent assortment, meaning the alleles are either on entirely
different chromosomes or sufficiently distant on the same chromosome that crossing
over is guaranteed.

47. Answer: B

Explanation: Klinefelter syndrome occurs in males who inherit an extra X chro-
mosome due to nondisjunction during parental meiosis. This results in a 47, XXY
karyotype, leading to hypogonadism and reduced fertility.

48. Answer: A

Explanation: Hershey and Chase used radioactive 3*S to label bacteriophage pro-
teins (which contain sulfur-rich amino acids) and *2P to label DNA (which has a
phosphate backbone), definitively tracking that only DNA entered the host bacte-
ria.

49. Answer: B

Explanation: The Shine-Dalgarno sequence is a ribosomal binding site upstream
of the prokaryotic start codon. It is physically complementary to the 3’ end of the
16S rRNA within the small (30S) ribosomal subunit, ensuring proper translation
alignment.

50. Answer: B

Explanation: Enhancers are distal regulatory elements that dramatically upreg-
ulate transcription. Uniquely, they can function effectively regardless of their dis-
tance from the promoter, whether they are upstream or downstream, and indepen-
dent of their forward/reverse orientation.

51. Answer: B

Explanation: MHC Class I molecules are expressed on almost all nucleated cells.
They present endogenously synthesized antigens (like viral proteins) directly to the
T-cell receptors of CD8™ cytotoxic T cells, marking the infected cell for destruction.
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52. Answer: C

Explanation: The primary driver of antibody diversity is V(D)J recombination.
This somatic mechanism randomly shuffles and permanently rearranges Variable,
Diversity, and Joining gene segments in maturing B cells to create unique antigen-
binding sites.

53. Answer: C

Explanation: Hybridoma technology fuses an antibody-producing, short-lived B
cell with an immortalized cancerous myeloma cell. The resulting hybridoma inher-
its both the specific antibody production and the ability to culture indefinitely.

54. Answer: B

Explanation: In aerobic bioprocesses, oxygen’s low solubility in water is a major
bottleneck. The volumetric mass transfer coefficient (k,a) quantifies how effectively
oxygen is transferred from sparged air bubbles into the liquid culture medium.

55. Answer: B

Explanation: Ethylene oxide is a highly penetrating, toxic alkylating gas. It ster-
ilizes by lethally cross-linking microbial proteins and nucleic acids, making it ideal
for medical plastics and devices that would melt or degrade under high-heat auto-
claving.

56. Answer: C

Explanation: If a recombinant protein is accumulated intracellularly, the host
cells must first be physically or chemically broken apart (e.g., via sonication or
homogenization) before the lysate can be purified using standard chromatographic
techniques.

57. Answer: D

Explanation: Affinity chromatography relies on the highly specific lock-and-key
interactions inherent to biology, such as antigen-antibody, enzyme-substrate, or
receptor-ligand binding, allowing for exceptional single-step purification.

58. Answer: A

Explanation: The power number (NN,) is a dimensionless parameter used to cal-
culate impeller power requirements. In fully developed turbulent flow, N, becomes
constant, and absolute power is dictated heavily by fluid density, rotational speed,
and impeller diameter.

59. Answer: C

Explanation: IgM is the first antibody isotype secreted in response to a novel
pathogen. Because its intrinsic affinity is initially low, it forms a massive pen-
tameric structure (10 binding sites) to maximize overall binding avidity.

60. Answer: B

Explanation: The classical complement pathway is strictly antibody-dependent.
It is triggered when the C1 complex (specifically the Clq subunit) recognizes and
binds to the Fc regions of IgG or IgM antibodies that are already bound to surface
antigens.

61. Answer: A
Explanation: By definition, an idempotent matrix satisfies A2 = A. If ) is an
eigenvalue with eigenvector z, then A%z = \?z. Since A%z = Az = Az, it follows
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that A2 = A, meaning \ can only be 0 or 1.

62. Answer: C
Explanation: The determinant property for a scalar multiplied by an n x n matrix
is Det(kA) = k"x Det(A). For a 3 x 3 matrix, Det(24) = 23 x 5 =8 x 5 = 40.

63. Answer: C

Explanation: According to the Rouché-Capelli theorem, a system is consistent if
the rank of the coefficient matrix equals the rank of the augmented matrix. If this
rank is strictly less than the number of unknowns, the system possesses infinitely
many solutions.

64. Answer: B

Explanation: Using the standard limit property lim, .o sin(az)

= a, the expression
x

. . in(3
can be rewritten as %hmx_ﬂ) Slnft—x) = % X 3= %

65. Answer: A
Explanation: To find the partial derivative with respect to x, treat y as a con-

stant. f,(z,y) = & (2% + y*) = 2zy. Evaluating at (2, 1), we get 2(2)(1) = 4.

66. Answer: C

Explanation: The gradient Vf = (y?,2zy). At (1,2), Vf = (4,4). The unit
vector for direction i+ j is (\/Li, %> The directional derivative is the dot product:
4(\%) + 4(%) = \%.

67. Answer: B

Explanation: Green’s Theorem transforms a line integral around a simple closed

curve C into a double integral over the plane region D it bounds, specifically via

the formula [, (%2 — %—g)dx dy.

68. Answer: C

Explanation: This is the standard form of Bernoulli’s differential equation. It is a
non-linear first-order equation that can be reduced to a linear equation by making
the substitution v = y*~".

69. Answer: A

Explanation: For a linear ODE y' + P(x)y = Q(z), the integrating factor (IF) is
e/ P@dr Here, P(z) = 2, 50 IF = e/ Fdo = o2In(@) = g2

70. Answer: B

Explanation: The characteristic equation is 72 — 4r + 4 = 0, which factors as

(r —2)? = 0. Because there is a repeated real root of r = 2, the general solution
must include an x term: y = (C} + Cox)e*”.

71. Answer: A

Explanation: The Newton-Raphson formula is x,.; = z, — % For f(z) =
. 2_ —
2?2 =5, f'(z) =22. Using 1 = 2: 11 =2 — (22(2)5) =2— 1 =225

72. Answer: C

Explanation: Simpson’s 1/3 rule fits parabolas (degree 2) to segments of the curve
but remarkably has a zero error term for cubic functions. Thus, it evaluates inte-
grals exactly for polynomials up to degree 3.

73. Answer: A
Explanation: The probability of drawing the first blue ball is 6/10. Because there
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is no replacement, 5 blue balls and 9 total balls remain. The probability of the

second being blue is 5/9. Total probability = 1% X g =30 _1

~ 90 3
74. Answer: B
Explanation: A defining property of the Poisson distribution is that its expected
value (mean, \) is mathematically identical to its variance. Therefore, if the vari-
ance is 4, the mean is also 4.

75. Answer: C

Explanation: A correlation coefficient (r) ranges from -1 to 1. A value of exactly
-1 signifies a perfect negative linear correlation, meaning all data points lie on a
straight line with a negative slope.

76. Answer: B

Explanation: According to the empirical rule (68-95-99.7) for normal distribu-
tions, approximately 68% of data falls within one standard deviation, 95% falls
within two standard deviations, and 99.7% falls within three standard deviations
of the mean.

77. Answer: B

Explanation: The Lagrange interpolation polynomial is a numerical analysis tech-
nique used to construct a single, continuous polynomial curve that perfectly passes
through a given set of discrete data points.

78. Answer: C

Explanation: An orthogonal matrix () has the property Q7@ = I. Taking deter-
minants: Det(QT)Det(Q) = Det(I). Since Det(QT) = Det(Q) and Det(I) = 1, it
follows that Det(Q)? = 1, so Det(Q) must be +1 or —1.

79. Answer: D

Explanation: Among the listed methods, the classic Runge-Kutta 4th order (RK4)
method evaluates the slope at four distinct points per step, providing local trunca-
tion errors of O(h%) and global accuracy of O(h?), the highest of the group.

80. Answer: B
Explanation: For mutually exclusive events, the intersection probability P(ANB)
is exactly 0. The union rule simplifies to P(AUB) = P(A)+P(B) = 0.3+0.5 = 0.8.

81. Answer: C

Explanation: Ribosomes are the cellular structures responsible for Translation.
Analogously, the Nucleolus is the specific substructure within the nucleus respon-
sible for the transcription of rRNA and Ribosome assembly.

82. Answer: D

Explanation: Hexokinase, Trypsin, and Amylase are all enzymes that catalyze
metabolic or digestive reactions. Insulin is a peptide hormone responsible for cell
signaling and blood glucose regulation.

83. Answer: A

Explanation: The cipher uses the reverse alphabet (A=Z, B=Y, C=X). Decod-
ing "GENETICS”: G becomes T, E becomes V, N becomes M, E becomes V, T
becomes G, I becomes R, C becomes X, S becomes H.

84. Answer: C
Explanation: The logical pattern for this number series is to multiply the previous
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number by 2, and then add 2. (3 x2+2=28;8x2+4+2=18;38x2+2 = T78).
The next step is 78 x 2 + 2 = 158.

85. Answer: D

Explanation: ”Microscopic” is a broad category containing all cells and some
viruses. While both are in the microscopic category, there is no direct overlapping
logical statement confirming viruses are cells, or cells are viruses.

86. Answer: A

Explanation: From a biochemical standpoint, almost all enzymes are proteins, so
the "Enzymes” circle rests entirely inside the ”Proteins” circle. ”Carbohydrates”
represent an entirely different class of biomolecules and should be a separate circle.

87. Answer: C

Explanation: ”"The only son of my grandfather” is the woman’s father. If the
man’s "brother’s father” (which is just the man’s father) is the woman’s father,
then they share the same father. She is his sister.

88. Answer: A

Explanation: Following the conditions: E is far left (E). C is between A and D.
A is right of B (producing the block B A). Arranging these logically yields E - B -
A - C - D. The exact middle position is occupied by A.

89. Answer: B
Explanation: Analyzing the differences between the days: 25-10 = 15; 45-25 =

20; 70-45 = 25. The rate of growth is increasing by 5g each day. The next difference
should be 30. Day 5 yield = 70 + 30 = 100g.

90. Answer: B

Explanation: A linear DNA fragment cut n times yields n + 1 fragments (5 cuts
= 6 fragments). A circular plasmid cut n times simply yields n fragments (5 cuts
= 5 fragments).
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