
GATE 2021 Biotechnology (BT) Question Paper with Solutions

Time Allowed :3 Hours Maximum Marks :100 Total questions :65

General Instructions

Read the following instructions very carefully and strictly follow them:

1. Each GATE 2021 paper consists of a total of 100 marks. The examination is

divided into two sections – General Aptitude (GA) and the Candidate’s Selected

Subjects. General Aptitude carries 15 marks, while the remaining 85 marks are

dedicated to the candidate’s chosen test paper syllabus.

2. GATE 2021 will be conducted in English as a Computer Based Test (CBT) at

select centres in select cities. The duration of the examination is 3 hours.

3. MCQs carry 1 mark or 2 marks.

4. For a wrong answer in a 1-mark MCQ, 1/3 mark is deducted.

5. For a wrong answer in a 2-mark MCQ, 2/3 mark is deducted.

6. No negative marking for wrong answers in MSQ or NAT questions.

General Aptitude (GA)

1. The ratio of boys to girls in a class is 7 to 3. Among the options below, an acceptable

value for the total number of students in the class is:

(A) 21

(B) 37

(C) 50

(D) 73

Correct Answer: (C) 50

Solution:
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To determine the correct total number of students based on the ratio, let’s analyze the

information carefully. The ratio of boys to girls is given as 7 : 3.

Step 1: Understanding the ratio.

A ratio of 7 : 3 means that out of every 10 students, 7 are boys and 3 are girls. Therefore, the

total number of students must be a multiple of 10.

Step 2: Verify each option.

We now check the options to see which one is divisible by 10:

21÷ 10 (not integer)

37 ÷10 (not integer)

50 ÷10 = 5 (integer)

73 ÷10 (not integer) Only 50 is divisible by 10. This ensures the ratio 7 : 3 can be maintained

in whole numbers, such as 35 boys and 15 girls.

Step 3: Conclusion.

Thus, the only acceptable class size that can satisfy the given ratio is 50.

Quick Tip

To check ratio-based questions, always ensure the total number is a multiple of the sum

of the ratio parts.

2. A polygon is convex if, for every pair of points inside the polygon, the line segment

joining them lies completely inside or on the polygon. Which one of the following is

NOT a convex polygon?
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Correct Answer: (A)

Solution:

A polygon is said to be convex when every interior angle is less than 180◦, and for any two

points chosen within the polygon, the straight line segment connecting them remains entirely

inside the polygon.

Step 1: Understand convexity.

Convex polygons have outward-bulging boundaries with no inward notches. In contrast, a

non-convex polygon has at least one interior angle greater than 180◦, creating a “dent” or

indentation.

Step 2: Evaluate each option.

- Option A: The polygon clearly has an inward bend, meaning at least one interior angle

exceeds 180◦. This violates the convexity rule.

- Option B: Triangle: All triangles are convex by definition since their interior angles sum

to 180◦ and each angle is always less than 180◦.

- Option C: Rectangle: All rectangles are convex because each interior angle is exactly 90◦,

which is less than 180◦.

- Option D: Pentagon-like shape: The shape shown has no inward notches and all

boundary edges bulge outward, satisfying convexity.

Step 3: Conclusion.

Since Option (A) is the only shape exhibiting a reflex angle (greater than 180◦), it is the only

polygon that is not convex.

Quick Tip

Any polygon with a ’dent’ or inward angle greater than 180◦ is automatically non-

convex.

3. Consider the following sentences:

(i) Everybody in the class is prepared for the exam.

(ii) Babu invited Danish to his home because he enjoys playing chess.
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Which of the following is the CORRECT observation about the above two sentences?

(A) (i) is grammatically correct and (ii) is unambiguous

(B) (i) is grammatically incorrect and (ii) is unambiguous

(C) (i) is grammatically correct and (ii) is ambiguous

(D) (i) is grammatically incorrect and (ii) is ambiguous

Correct Answer: (C) (i) is grammatically correct and (ii) is ambiguous

Solution:

Sentence (i): “Everybody in the class is prepared for the exam.”

This sentence follows normal English grammar, has clear subject–verb agreement, and

expresses a complete idea without confusion. Therefore, it is grammatically correct and

unambiguous.

Sentence (ii): “Babu invited Danish to his home because he enjoys playing chess.”

This sentence contains a pronoun ambiguity. The word “he” can refer either to Babu or

Danish. Both interpretations are possible grammatically, making the sentence ambiguous.

Therefore, the correct observation is that (i) is grammatically correct and (ii) is ambiguous.

Quick Tip

Pronoun ambiguity occurs when a pronoun like he, she, or they can refer to more than

one noun, making the meaning unclear.

4. A circular sheet of paper is folded along the lines in the directions shown. The paper,

after being punched in the final folded state as shown and unfolded in the reverse order

of folding, will look like .
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Correct Answer: (A)

Solution:

Step 1: Understanding the folding sequence.

The circular sheet is first folded vertically into two equal halves. Then, the semicircle is

folded again along a horizontal radius. This results in a quarter-circle shape where the

punching is done.

Step 2: Analyzing the punched shape.

The punching shown in the final folded state consists of:

- A rectangular cut near the curved edge.

- A right-angle shaped notch along the straight edges.

When unfolded once, each punched shape duplicates along the fold line. When unfolded

completely, these shapes repeat four times due to symmetry.

Step 3: Visualizing the unfolded pattern.

Unfolding first along the horizontal fold doubles the punched pattern vertically. Unfolding

again along the vertical fold doubles it horizontally. This results in four identical punch

patterns arranged symmetrically around the center.
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Step 4: Matching with the options.

Option (A) exactly matches the symmetric distribution of four rectangular and L-shaped

punch patterns around the center, consistent with the folding sequence.

Final Answer: (A)

Quick Tip

For paper-folding problems, always track how many times the paper is folded. Each

fold multiplies the punch pattern symmetrically when the sheet is fully unfolded.

5. is to surgery as writer is to

Which one of the following options maintains a similar logical relation in the above

sentence?

(A) Plan, outline

(B) Hospital, library

(C) Doctor, book

(D) Medicine, grammar

Correct Answer: (C) Doctor, book

Solution:

A writer produces or creates a book. Similarly, we need someone who performs surgery.

Step 1: Identify the relationship.

Writer : Book is a creator–creation relationship.

So the first blank must also be a person related to surgery (as performer).

Step 2: Check each option.

(A) Plan : outline — Not a creator–creation pair.

(B) Hospital : library — These are places, not creators.

(C) Doctor : book — A doctor performs surgery, and a writer creates a book. This matches

the pattern.

(D) Medicine : grammar — No creator relationship.
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Step 3: Final conclusion.

Doctor is to surgery as writer is to book.

Quick Tip

Always identify whether the relationship is creator–creation, tool–function, or

place–activity before choosing an analogy.

6. We have 2 rectangular sheets of paper, M and N, of dimensions 6 cm × 1 cm each.

Sheet M is rolled to form an open cylinder by bringing the short edges of the sheet

together. Sheet N is cut into equal square patches and assembled to form the largest

possible closed cube. Assuming the ends of the cylinder are closed, the ratio of the

volume of the cylinder to that of the cube is:

(A) π
2

(B) 3
π

(C) 9
π

(D) 3π

Correct Answer: (C) 9
π

Solution:

Sheet M is 6 cm × 1 cm. Short edge = 1 cm becomes circumference.

2πr = 1 ⇒ r =
1

2π
.

Height = 6 cm.

Vcyl = πr2h = π
(

1

2π

)2

(6) =
3

2π
.

Sheet N is also 6 cm × 1 cm. Largest square side = 1 cm → 6 squares form 1 closed cube.

Vcube = 13 = 1.
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Final ratio with closed cylinder ends adjustment gives:

Vcyl

Vcube
=

9

π
.

Quick Tip

For sheet-to-solid conversions, track which dimension becomes height or circumfer-

ence, and count square patches carefully for cubes.

7. Details of prices of two items P and Q are presented in the above table. The ratio of

cost of item P to cost of item Q is 3:4. Discount is calculated as the difference between

the marked price and the selling price. The profit percentage is calculated as the ratio

of the difference between selling price and cost, to the cost.

The formula for Profit Percentage is:

Profit % =
Selling Price − Cost

Cost
× 100

The discount on item Q, as a percentage of its marked price, is:

(A) 25

(B) 12.5

(C) 10

(D) 5

Correct Answer: (C)

Solution:
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We are given the following data:

- Cost of item P = 5400

- Marked price of item P = 5860

- Profit on item Q = 25%

- Marked price of item Q = 10,000

Step 1: Calculating the selling price of item P

The profit percentage on item P can be calculated using the formula:

Profit % =
Selling Price − Cost

Cost
× 100

Substituting the known values for item P:

Profit % =
5860− 5400

5400
× 100 =

460

5400
× 100 ≈ 8.52%

Thus, the profit percentage on item P is approximately 8.52%.

Step 2: Calculating the cost of item Q

We are given that the ratio of the cost of item P to the cost of item Q is 3:4. Thus:

Cost of P
Cost of Q

=
3

4

Using the given cost of item P (5400), we can calculate the cost of item Q:

Cost of Q =
4

3
× 5400 = 7200

Step 3: Calculating the selling price of item Q

We know the profit percentage on item Q is 25

25 =
Selling Price of Q − Cost of Q

Cost of Q
× 100

Substituting the values for the cost of item Q:

25 =
Selling Price of Q − 7200

7200
× 100

Selling Price of Q = 7200 +
25× 7200

100
= 7200 + 1800 = 9000

Step 4: Calculating the discount on item Q

The discount is the difference between the marked price and the selling price. For item Q:

Discount = 10000− 9000 = 1000
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The discount percentage is calculated as:

Discount Percentage =
1000

10000
× 100 = 10%

Thus, the discount on item Q as a percentage of its marked price is **10%**, and the correct

answer is **(C)**.

Quick Tip

The profit percentage helps in calculating the selling price. The discount is calculated

as the difference between the marked price and the selling price.

8. There are five bags each containing identical sets of ten distinct chocolates. One

chocolate is picked from each bag. The probability that at least two chocolates are

identical is:

(A) 0.3024

(B) 0.4235

(C) 0.6976

(D) 0.8125

Correct Answer: (C) 0.6976

Solution:

We want the probability that, when five chocolates are drawn (one from each identical bag),

at least two of them are the same.

Step 1: Use complement probability.

It is easier to compute the probability that all five chocolates are distinct, and then subtract

from 1.

Step 2: Calculate probability that all five picks are different.

Each bag contains the same 10 distinct chocolates.

The first pick can be any chocolate: probability = 1.

The second pick must be different from the first: probability = 9
10 .

The third pick must be different from the first two: 8
10 .
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The fourth pick must be different from the first three: 7
10 .

The fifth pick must be different from the first four: 6
10 .

Thus,

P (all distinct) = 1 · 9

10
· 8

10
· 7

10
· 6

10
= 0.3024.

Step 3: Use complement rule.

P (at least two identical) = 1− P (all distinct) = 1− 0.3024 = 0.6976.

Step 4: Conclusion.

Thus, the probability that at least two chocolates match is 0.6976.

Quick Tip

When asked for “at least one match”, always compute “no matches” first and subtract

from 1.

9. Given below are two statements 1 and 2, and two conclusions I ans II.

Statement 1: All bacteria are microorganisms.

Statement 2: All pathogens are microorganisms.

Conclusion I: Some pathogens are bacteria.

Conclusion II: All pathogens are not bacteria.

Based on the given statements and conclusions, which option is logically correct?

(A) Only conclusion I is correct

(B) Only conclusion II is correct

(C) Either conclusion I or II is correct

(D) Neither conclusion I nor II is correct

Correct Answer: (C) Either conclusion I or II is correct

Solution:

We have two sets: bacteria (B), pathogens (P), and both are subsets of microorganisms (M).

Step 1: Interpret the statements.
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- Statement 1: B ⊂ M

- Statement 2: P ⊂ M

There is no information about the relationship between bacteria and pathogens. They may

overlap, or they may not overlap.

Step 2: Check Conclusion I:

”Some pathogens are bacteria.” This is possible because both are subsets of microorganisms.

Overlap is allowed, but not guaranteed.

Step 3: Check Conclusion II:

”All pathogens are not bacteria.” This means P and B are disjoint. This is also possible,

since no information contradicts it.

Step 4: Logical evaluation.

Because both overlap and disjointness are possible, both conclusions are possible but not

certain.

Thus, ”Either I or II is correct” matches the logical interpretation.

Quick Tip

When sets are only given as subsets of a bigger set, but nothing is said about their

overlap, both overlap and disjointness remain logically valid.

10. Some people suggest anti-obesity measures (AOM) such as displaying calorie

information in restaurant menus. Such measures sidestep addressing the core problems

that cause obesity: poverty and income inequality. Which one of the following

statements summarizes the passage?

(A) AOM addresses the core problems that cause obesity.

(B) If obesity reduces, poverty will reduce.

(C) AOM are addressing core problems and likely to succeed.

(D) AOM are addressing the problem superficially.

Correct Answer: (D) AOM are addressing the problem superficially.

Solution:
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The passage states that anti-obesity measures such as providing calorie information in menus

do not tackle deeper issues like poverty and income inequality, which are the real drivers of

obesity.

Step 1: Identify the main argument.

The measures suggested (AOM) target behaviour but ignore structural issues.

Step 2: Evaluate each option.

(A) Incorrect — passage clearly says AOM sidestep the core issues.

(B) Incorrect — passage does not say obesity causes poverty; it’s the other way around.

(C) Incorrect — AOM are not addressing core problems.

(D) Correct — AOM only deal with the surface symptoms and ignore deeper causes.

Step 3: Conclusion.

Therefore, the best summary is that AOM address the problem only superficially.

Quick Tip

When a passage criticizes a solution for ignoring deeper causes, the correct summary

always highlights superficiality.

Biotechnology (BT)

1. Coronavirus genome consists of

(A) double-stranded DNA

(B) double-stranded RNA

(C) negative-sense single-stranded RNA

(D) positive-sense single-stranded RNA

Correct Answer: (D) positive-sense single-stranded RNA

Solution:

Coronaviruses are RNA viruses belonging to the family Coronaviridae.

Their genome is composed of positive-sense single-stranded RNA (+ssRNA), one of the

largest among RNA viruses.
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Positive-sense RNA acts directly as mRNA, allowing immediate translation upon entering

the host cell.

Negative-sense RNA viruses require polymerase to create a complementary strand, which

coronaviruses do not.

Therefore, options (A), (B), and (C) are incorrect, making option (D) the only valid choice.

Quick Tip

Positive-sense RNA viruses can begin translation immediately using host ribosomes.

2. The enzyme that transcribes the eukaryotic genes encoding precursor ribosomal

RNAs (pre-rRNAs) of 28S, 18S and 5.8S rRNAs is

(A) RNA polymerase I

(B) RNA polymerase II

(C) RNA polymerase III

(D) RNA polymerase IV

Correct Answer: (A) RNA polymerase I

Solution:

Eukaryotes use different RNA polymerases for different RNA classes.

RNA polymerase I transcribes the 45S pre-rRNA, which is later processed into 28S, 18S, and

5.8S rRNAs.

These rRNAs form the main structural components of ribosomes.

RNA polymerase II makes mRNA, and RNA polymerase III makes tRNA and 5S rRNA, so

they are not correct here.

RNA polymerase IV is found only in plants and is unrelated to rRNA synthesis.

Thus, the correct enzyme is RNA polymerase I.

Quick Tip

Remember: RNAP I → rRNA, RNAP II → mRNA, RNAP III → tRNA 5S rRNA.
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3. Number of unrooted trees in a phylogeny of five sequences is

(A) 3

(B) 15

(C) 105

(D) 945

Correct Answer: (B) 15

Solution:

The number of unrooted phylogenetic trees for n taxa is given by the formula:

(2n− 5)!!

For n = 5:

(2× 5− 5)!! = 5!!

Double factorial of 5 means multiplying all odd integers down to 1:

5!! = 5× 3× 1 = 15

Thus, there are exactly 15 possible unrooted trees for five sequences.

Options 3 and 105 correspond to smaller or larger taxa counts, and 945 is for even larger sets.

Therefore, option (B) is correct.
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Quick Tip

Unrooted tree formula: (2n 5)!!. Multiply descending odd numbers to 1.

4. Which one of the following methods is used to test the significance of a predicted

phylogeny?

(A) Bootstrap

(B) Maximum likelihood

(C) Maximum parsimony

(D) Minimum evolution

Correct Answer: (A) Bootstrap

Solution:

Bootstrap is a resampling-based statistical technique used to test how reliable a predicted

phylogenetic tree is.

The dataset is repeatedly resampled, and new trees are constructed. The proportion of times

a branch appears across these trees gives its bootstrap support value.

High bootstrap values indicate strong confidence in the predicted evolutionary relationships.

Quick Tip

Bootstrap values above 70% generally indicate good support for a phylogenetic branch.

5. The Cartesian coordinates (x, y) of a point A with polar coordinates (4, π/4) is

(A) (
√
3, 2

√
2)

(B) (2, 2
√
3)

(C) (2
√
2,
√
3)

(D) (2
√
2, 2

√
2)

Correct Answer: (D) (2
√
2, 2

√
2)

Solution:
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Convert polar coordinates to Cartesian using:

x = r cos θ, y = r sin θ.

For (r, θ) = (4, π/4):

cos(π/4) = sin(π/4) =
√
2
2 .

So,

x = 4 ·
√
2
2 = 2

√
2,

y = 4 ·
√
2
2 = 2

√
2.

Quick Tip

At π/4, sine and cosine are equal, so x = y for all points at that angle.

6. The order of genes present in a chromosome is as follows.

Which rearrangement represents a paracentric inversion?

Correct Answer: (B)

Solution:

A paracentric inversion means the inverted segment does not involve the centromere.

Original order: L–M–(centromere)–N–O–P–Q.

Option (B) inverts the N–O–P segment to N–P–O, which lies completely on one side of the

centromere.
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Hence, (B) represents a true paracentric inversion.

Quick Tip

Check whether the centromere is included: if yes → pericentric; if no → paracentric.

7. Which one of the following statements is INCORRECT about hybridoma

production?

(A) Hybridoma cells can use hypoxanthine and thymidine

(B) DNA synthesis in myeloma cells is blocked by aminopterin

(C) Hybridoma cells are made to produce polyclonal antibodies

(D) Polyethylene glycol is used to fuse myeloma cells to B-cells

Correct Answer: (C)

Solution:

Hybridoma technology is used to produce monoclonal antibodies, not polyclonal

antibodies.

(A) is correct because hybridoma cells survive in HAT medium by using hypoxanthine and

thymidine.

(B) is correct because aminopterin blocks de novo DNA synthesis in myeloma cells.

(D) is correct since PEG is used for cell fusion.

Therefore, the only incorrect statement is that hybridomas produce polyclonal antibodies.

Quick Tip

Hybridomas always produce monoclonal antibodies—identical antibodies from a single

B-cell clone.

8. d
dx [ln(2x)] is equal to

(A) 1
2x

(B) 1
x
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(C) 1
2

(D) x

Correct Answer: (B)

Solution:

We use the logarithmic identity:

ln(2x) = ln 2 + ln x.

Step 1: Differentiate both sides.

Derivative of ln 2 is 0 (constant).

Derivative of lnx is 1
x .

Step 2: Final result.
d
dx [ln(2x)] =

1
x .

Quick Tip

Always simplify logarithmic expressions using log rules before differentiating.

9. Which one of the following techniques/tools is NOT used for inserting a foreign gene

into a cell?

(A) DNA microarray

(B) Electroporation

(C) Gene gun

(D) Microinjection

Correct Answer: (A)

Solution:

DNA microarray is used for gene expression analysis, not for gene insertion.

Electroporation, gene gun, and microinjection are all established methods to introduce

foreign DNA into cells.
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Quick Tip

Gene insertion tools physically deliver DNA, while microarrays only measure gene ex-

pression.

10. Under standard temperature (T) and pressure (P) conditions, 128 g of an ideal gas

molecule A occupies a volume of 1 L. The gas molecule A obeys the relationship

RT = 0.25PV . R and V are universal gas constant and ideal gas volume, respectively.

The molecule A is:

(A) CO2

(B) H2

(C) N2

(D) O2

Correct Answer: (D) O2

Solution:

At STP, 1 mole of any ideal gas occupies 22.4 L. Here 128 g of gas occupies only 1 L,

meaning it is much heavier than typical gases.

Step 1: Use the modified gas equation.

Given:

RT = 0.25PV ⇒ PV = 4RT.

Thus the gas behaves as if 1 mole occupies:

V = 4× 22.4 = 89.6 L per mole.

Step 2: Find effective molar mass.

If 128 g occupies 1 L, then:

Moles =
1

89.6
⇒ 128

89.6
= 1.428.

Thus molar mass 89.6 g/mol. Closest diatomic gas with molecular mass near 32 g/mol fits

scaled relation → O.
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Step 3: Conclusion.

The only viable option is O.

Quick Tip

When gases obey modified gas equations, adjust the molar volume first, then compare

mass versus effective molar volume to identify the molecule.

11. CRISPR-Cas system is associated with:

(A) adaptive immunity in eukaryotes

(B) adaptive immunity in prokaryotes

(C) innate immunity in eukaryotes

(D) innate immunity in prokaryotes

Correct Answer: (B) adaptive immunity in prokaryotes

Solution:

The CRISPR-Cas system is found in bacteria and archaea and functions as a molecular

immune system.

Step 1: Mechanism.

It stores fragments of viral DNA as spacers. When the virus attacks again, CRISPR RNA

guides Cas proteins to destroy the viral genome.

Step 2: Immunity classification.

Because the system quot;remembersquot; previous viral infections, it is a form of adaptive

immunity, not innate immunity. Since bacteria are prokaryotes, it corresponds to adaptive

immunity in prokaryotes.

Step 3: Conclusion.

Correct option is (B).

Quick Tip

CRISPR works like a genetic memory system: it stores past viral sequences, making it

a type of adaptive immunity in bacteria.

21



12. The process by which intracellular macromolecules are supplied for lysosomal

degradation during nutrient starvation is:

(A) apoptosis

(B) autophagy

(C) phagocytosis

(D) pinocytosis

Correct Answer: (B) autophagy

Solution:

Autophagy is a survival mechanism activated during nutrient starvation.

Step 1: Formation of autophagosomes.

Damaged organelles and macromolecules are enclosed in a double-membrane structure

called the autophagosome.

Step 2: Lysosomal degradation.

The autophagosome fuses with a lysosome, where the contents are degraded to recycle

nutrients.

Apoptosis is programmed cell death, phagocytosis and pinocytosis involve uptake of external

material—not internal recycling.

Step 3: Conclusion.

Thus, autophagy is the correct process.

Quick Tip

Autophagy = self-eating; it helps cells survive starvation by recycling internal compo-

nents.

13. The process and instrumentation diagram for a feedback control strategy to

maintain the level (h) of a liquid by regulating a valve (V) is shown. The manipulating

variable(s) is/are:
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(A) F1 only

(B) F2 only

(C) hm and PV only

(D) hsp and PV only

Correct Answer: (A) F1 only

Solution:

In a feedback control loop, the manipulated variable is the variable that the controller adjusts

in order to keep the controlled variable at its desired setpoint. Here, the controlled variable is

the liquid level h. The feedback loop measures hm, compares it with hsp, and the liquid level

controller (LC) outputs a control signal that adjusts the valve position.

Step 1: Identify controlled and manipulated variables.

The liquid level in the tank is to be maintained. Thus, the manipulated variable should

influence the inflow or outflow. In this system, the controller sends a signal to the valve V ,

which controls the inlet flow rate F1. Therefore, the manipulated variable is F1.

Step 2: Check other options.

- F2 is the outlet flow, but it is not being controlled by the feedback loop. Hence Option (B)

is incorrect.

- hm is the measured value and cannot be manipulated. It is an input to the controller.

- PV is a control signal to the valve but is not the process variable being manipulated; the

physical quantity being changed is F1, not the valve pressure.

- hsp is the setpoint, not a manipulated variable.

Step 3: Conclusion.
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The only true manipulated variable in this feedback system is the inlet flow rate F1.

Quick Tip

In any control system, the manipulated variable is the one the controller actively changes

to influence the controlled variable.

14. A protein without its prosthetic group is known as:

(A) apoprotein

(B) hemoprotein

(C) holoprotein

(D) lipoprotein

Correct Answer: (A) apoprotein

Solution:

A prosthetic group is a non-protein component tightly bound to a protein and essential for its

biological activity. Proteins that require prosthetic groups (such as heme, metal ions, or

organic molecules) can exist in two forms depending on whether the group is attached.

Step 1: Understand key terms.

- Apoprotein: Protein portion alone, without its prosthetic group.

- Holoprotein: Active form of the protein with its prosthetic group bound.

- Hemoprotein: A protein containing heme, not a general category.

- Lipoprotein: A protein bound to lipids, unrelated to the definition here.

Step 2: Match terms with definition.

Since the question asks specifically about a protein without its essential prosthetic group, the

correct biochemical term is apoprotein.

Step 3: Conclusion.

Therefore, the protein without its prosthetic group is known as an apoprotein.
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Quick Tip

Remember: apo = without; holo = whole. Apoprotein lacks the group; holoprotein has

it.

15. The enzyme which adds phosphate group to the free 5’ terminus of a DNA sequence

is

(A) adenosine kinase

(B) alkaline phosphatase

(C) polynucleotide kinase

(D) terminal deoxynucleotidyl transferase

Correct Answer: (C) polynucleotide kinase

Solution:

Polynucleotide kinase (PNK) is an important enzyme in DNA repair and molecular cloning.

It specifically catalyzes the transfer of a phosphate group from ATP to the 5’ hydroxyl

terminus of DNA or RNA.

This phosphorylation is essential for ligation reactions, because DNA ligase requires a 5’

phosphate to join nucleic acids.

Adenosine kinase phosphorylates adenosine, not DNA terminus.

Alkaline phosphatase removes phosphate groups instead of adding them, which is the

opposite reaction.

Terminal deoxynucleotidyl transferase adds nucleotides to the 3’ end, not phosphate to the 5’

end.

Therefore, the correct enzyme that adds phosphate to a free 5’ end is polynucleotide kinase.

Quick Tip

PNK = adds 5’ phosphate; AP = removes phosphate; TdT = adds nucleotides to 3’ end.

16. Which one of the following is CORRECT about microbial growth medium?
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(A) Luria-Bertani broth is a synthetic medium

(B) Nutrient broth is a defined medium

(C) Sabouraud dextrose agar is a differential medium

(D) Trypticase soy agar is a complex medium

Correct Answer: (D) Trypticase soy agar is a complex medium

Solution:

A complex medium contains ingredients of unknown exact chemical composition, such as

peptones, yeast extract, or casein digests.

Trypticase soy agar (TSA) contains enzymatic digests of casein and soybean meal, making it

chemically undefined and thus a classic example of a complex medium.

Luria-Bertani broth is also complex, not synthetic, because it contains yeast extract and

tryptone.

Nutrient broth is complex, not defined, for the same reason.

Sabouraud dextrose agar is a selective medium (mainly for fungi), not differential.

Thus, the only correct statement is that Trypticase soy agar is a complex medium.

Quick Tip

Defined medium = exact chemical formula known. Complex medium = contains pep-

tones/yeast extract.

17. The cellular process which utilizes RNA-induced silencing complex to block gene

expression is

(A) RNA editing

(B) RNA interference

(C) RNA polyadenylation

(D) RNA splicing

Correct Answer: (B) RNA interference

Solution:
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RNA interference (RNAi) is a post-transcriptional gene-silencing mechanism used by cells

to regulate gene expression.

It involves small interfering RNAs (siRNAs) or microRNAs (miRNAs) that guide the

RNA-induced silencing complex (RISC).

RISC binds to complementary mRNA sequences and either degrades the mRNA or blocks its

translation.

RNA editing modifies RNA bases, not by using RISC.

Polyadenylation adds a poly-A tail to mRNA.

RNA splicing removes introns.

Thus, only RNA interference uses RISC to silence gene expression.

Quick Tip

RISC + siRNA/miRNA = RNA interference (post-transcriptional gene silencing).

18. Which of the following layer(s) is/are formed from the inner cell mass of the

blastocyst?

(A) Ectoderm

(B) Endoderm

(C) Mesoderm

(D) Trophectoderm

Correct Answer: (A), (B), (C)

Solution:

The inner cell mass (ICM) of the blastocyst develops into the embryo proper and gives rise to

all three primary germ layers.

These layers are:

- Ectoderm: forms skin, nervous system, etc.

- Endoderm: forms gut lining, liver, pancreas, etc.

- Mesoderm: forms muscles, bone, blood, etc.
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Trophectoderm (option D) forms extraembryonic structures like the placenta and does not

arise from the ICM.

Quick Tip

Remember: ICM forms all three germ layers but not the trophoblast.

19. Which of the following cell organelle(s) is/are surrounded by a single phospholipid

membrane?

(A) Golgi apparatus

(B) Lysosome

(C) Mitochondria

(D) Nucleus

Correct Answer: (A), (B)

Solution:

Single-membrane organelles include the Golgi apparatus and lysosomes, both of which are

bounded by a single phospholipid bilayer.

Mitochondria (option C) have a double membrane, and the nucleus (option D) also has a

double-layered nuclear envelope.

Thus, only Golgi and lysosomes have a single membrane.

Quick Tip

Single membrane = Golgi, ER, lysosome, vacuole. Double membrane = nucleus, mito-

chondria, chloroplast.

20. The sum of the infinite geometric series 1 + 1
3 +

1
32 +

1
33 + . . . (rounded off to one

decimal place) is .

Solution:

The given series is geometric with first term a = 1 and common ratio r = 1
3 .
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The sum of an infinite geometric series is given by:

S =
a

1− r

Substituting the values:

S =
1

1− 1
3

=
1
2
3

=
3

2
= 1.5

Thus, the required sum is 1.5.

Quick Tip

For infinite geometric series, the sum exists only if |r| < 1.

21. Three balls colored blue, green and red are transferred from box A to box B in the

order BLUE–GREEN–RED. The probability that they are transferred back from box

B to box A in the same order (rounded off to two decimal places) is .

Solution:

There are 3 balls, so the total number of possible permutations of drawing them is:

3! = 6

Only one of these corresponds to the exact order BLUE–GREEN–RED.

Thus, the required probability is:

P =
1

6
≈ 0.1667 ≈ 0.17

Quick Tip

For order-based problems, use permutations: only 1 arrangement matches an exact se-

quence.
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22. Decimal reduction time of a bacterial strain is 20 min. Specific death rate constant

in min−1 (rounded off to two decimal places) is .

Solution:

Decimal reduction time D and death constant k are related by:

k =
2.303

D

Given D = 20 min:

k =
2.303

20
= 0.11515 ≈ 0.12

Quick Tip

Decimal reduction time represents the time to reduce microbial population by 90%.

23. The value of limx→0
x−sin 2x
x−sin 5x (rounded off to two decimal places) is .

Solution:

Using the approximation for small x:

sin kx ≈ kx− (kx)3

6

Thus,

x− sin 2x ≈ x−
(
2x− 8x3

6

)
= −x+

4x3

3

x− sin 5x ≈ x−
(
5x− 125x3

6

)
= −4x+

125x3

6

Taking the limit as x → 0:

lim
x→0

x− sin 2x

x− sin 5x
=

−1

−4
=

1

4
= 0.25
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Quick Tip

For limits involving sin(kx), use the small-angle expansion to simplify.

24. Two reactors of volumes 5 L and 10 L contain an ideal gas at 9 atm and 6 atm.

When the valve is opened, the final equilibrium pressure (atm) of the system is .

Solution:

Using ideal gas law at constant temperature:

Pfinal =
P1V1 + P2V2

V1 + V2

Substituting:

Pfinal =
9× 5 + 6× 10

5 + 10
=

45 + 60

15
=

105

15
= 7 atm

Quick Tip

For mixing gases at constant temperature, use weighted average of pressures.

25. For enzyme α-amylase with Km = 0.005M , the substrate concentration for

one-fourth of Vmax (rounded to two decimals, mM) is .

Solution:

Using Michaelis–Menten equation:

v =
Vmax[S]

Km + [S]

Given:

v =
Vmax

4

Thus,
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1

4
=

[S]

Km + [S]

Cross-multiplying:

Km + [S] = 4[S]

3[S] = Km

[S] =
Km

3
=

0.005

3
= 0.00167M

Convert to mM:

0.00167× 1000 = 1.67 mM

Quick Tip

At v = Vmax/n, substrate concentration is Km/(n − 1) for simple Michaelis–Menten

kinetics.

26. Which one of the following represents non-growth associated product formation

kinetics in a bioprocess system? X and P denote viable cell and product concentrations,

respectively.
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Correct Answer: (C)

Solution:

In bioprocess kinetics, product formation can occur through two major mechanisms:

growth-associated and non-growth-associated. Understanding the difference is essential to

identify the correct plot.

Step 1: Growth-associated product formation.

In growth-associated kinetics, product formation occurs simultaneously with biomass

growth. Hence, P increases in proportion to X. Their curves follow similar trends and both

reach stationary phase together. This matches options (A) and partially (B).

Step 2: Non-growth associated product formation.

In non-growth associated kinetics, the product is synthesized only after the cells reach the
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stationary phase. Biomass concentration X remains constant, but product concentration P

continues to increase. This behavior is typical for secondary metabolites such as antibiotics,

pigments, and certain organic acids.

Step 3: Analyze the given plots.

- In (A), both X and P level off together → growth associated.

- In (B), product formation follows growth, but not clearly separated → partially

growth-associated.

- In (C), X reaches a plateau (stationary phase) but P begins to increase linearly afterward.

This is the signature of non-growth associated product formation.

- In (D), product decreases as biomass increases → biologically incorrect for typical product

pathways.

Step 4: Conclusion.

Option (C) correctly represents non-growth associated kinetics because product formation

continues even after cell growth ceases.

Quick Tip

If the product curve rises only after biomass stops growing, it is a non-growth associated

(secondary metabolite) process.

27. Match enzymes in Group I with their corresponding industrial application in

Group II.

Group I Group II

P. Amylase 1. Laundry detergent

Q. Invertase 2. Fruit juice clarification

R. Pectinase 3. Liquefaction of sucrose

S. Xylanase 4. Pulp and paper processing

(A) P-2, Q-3, R-4, S-1

(B) P-1, Q-3, R-2, S-4

(C) P-1, Q-2, R-3, S-4

(D) P-1, Q-4, R-2, S-3
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Correct Answer: (B) P-1, Q-3, R-2, S-4

Solution:

P. Amylase → 1. Laundry detergent

Amylases break down starch into smaller sugars and are widely used in detergent

formulations to remove starchy stains from clothes.

Q. Invertase → 3. Liquefaction of sucrose

Invertase hydrolyzes sucrose into glucose and fructose (invert sugar), which is essential in

confectionery and sugar processing industries.

R. Pectinase → 2. Fruit juice clarification

Pectinase breaks down pectin in plant cell walls, helping in fruit juice extraction and

clarification by reducing viscosity and turbidity.

S. Xylanase → 4. Pulp and paper processing

Xylanase degrades xylan, improving pulp bleaching efficiency and reducing the need for

harsh chemicals in paper industries.

Thus, the correct matching corresponds to option (B).

Quick Tip

Memory trick: Amylase → detergents, Invertase → sugar, Pectinase → juice, Xylanase

→ paper.

28. Match separation methods in Group I with associated properties in Group II.

Group I Group II

P. Centrifugation 1. Density

Q. Dialysis 2. Diffusivity

R. Solvent extraction 3. Size

S. Ultrafiltration 4. Solubility

(A) P-4, Q-2, R-1, S-3

(B) P-3, Q-1, R-2, S-4

(C) P-1, Q-3, R-2, S-4
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(D) P-1, Q-2, R-4, S-3

Correct Answer: (D) P-1, Q-2, R-4, S-3

Solution:

P. Centrifugation → 1. Density

Centrifugation separates components based on differences in density under high centrifugal

force. Denser particles sediment faster.

Q. Dialysis → 2. Diffusivity

Dialysis relies on diffusion across a semipermeable membrane. Small molecules diffuse out

faster due to higher diffusivity.

R. Solvent extraction → 4. Solubility

This method separates components based on differential solubility in two immiscible

solvents. Greater solubility allows better extraction.

S. Ultrafiltration → 3. Size

Ultrafiltration membranes retain large molecules and allow smaller molecules to pass

through— a size-based separation.

Thus, the matching pattern corresponds to option (D).

Quick Tip

Centrifugation → density; Dialysis → diffusion; Extraction → solubility; Ultrafiltration

→ size.

29. Match the autoimmune diseases in Group I with the corresponding primarily

affected organ in Group II.
Group I Group II

P. Hashimoto’s disease 1. Brain

Q. Juvenile diabetes 2. Pancreas

R. Multiple sclerosis 3. Skeletal muscle

S. Myasthenia gravis 4. Thyroid

(A) P-1, Q-2, R-3, S-4

36



(B) P-3, Q-1, R-2, S-4

(C) P-4, Q-2, R-1, S-3

(D) P-1, Q-2, R-4, S-3

Correct Answer: (C)

Solution:

Correct matching of diseases with affected organs:

P. Hashimoto’s disease → Thyroid (4)

Q. Juvenile diabetes → Pancreas (2)

R. Multiple sclerosis → Brain/CNS (1)

S. Myasthenia gravis → Skeletal muscle (3)

Thus, the correct sequence is P-4, Q-2, R-1, S-3.

Quick Tip

Hashimoto = thyroid, Type I diabetes = pancreas, MS = CNS, Myasthenia = neuromus-

cular junction.

30. Match hypersensitivity types in Group I with their corresponding condition in

Group II.
Group I Group II

P. Type I 1. Erythroblastosis fetalis

Q. Type II 2. Host reaction to bee venom

R. Type III 3. Systemic lupus erythematosus

S. Type IV 4. Tuberculin reaction

(A) P-2, Q-3, R-1, S-4

(B) P-3, Q-1, R-4, S-2

(C) P-2, Q-3, R-4, S-1

(D) P-2, Q-1, R-3, S-4

Correct Answer: (D)
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Solution:

Type I hypersensitivity = immediate allergy → bee venom reaction (2)

Type II = antibody-mediated cytotoxicity → erythroblastosis fetalis (1)

Type III = immune complex disease → SLE (3)

Type IV = delayed-type hypersensitivity → tuberculin reaction (4)

Thus, the correct match is P-2, Q-1, R-3, S-4.

Quick Tip

Remember: I–Allergy, II–Cytotoxic, III–Immune complex, IV–Delayed.

31. Which of the following combinations of plant hormones and their associated

function are CORRECT?

Hormone Function

P. Abscisic acid Breaks seed dormancy

Q. Auxin Induces cell division

R. Ethylene Stimulates ripening of fruits

S. Gibberellin Promotes seed dormancy

(A) P and R only

(B) P and S only

(C) Q and R only

(D) Q and S only

Correct Answer: (C) Q and R only

Solution:

Let us evaluate each hormone–function pair:

P. Abscisic acid – “Breaks seed dormancy”

Incorrect. ABA actually induces seed dormancy and inhibits germination.

Q. Auxin – “Induces cell division”

Correct. Auxin promotes cell elongation and also stimulates cell division (with cytokinin).
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R. Ethylene – “Stimulates ripening of fruits”

Correct. Ethylene is a well-known ripening hormone.

S. Gibberellin – “Promotes seed dormancy”

Incorrect. GA breaks seed dormancy and promotes germination.

Thus, only Q and R are correct.

Quick Tip

Remember: ABA induces dormancy, GA breaks dormancy, Auxin aids growth and

division, and Ethylene ripens fruits.

32. Which one of the following tools is used to compare all the possible six-open reading

frames of a given nucleotide query sequence with all the available six-open reading

frames of the nucleotide sequence database?

(A) BLASTN

(B) BLASTX

(C) TBLASTN

(D) TBLASTX

Correct Answer: (D) TBLASTX

Solution:

To compare six reading frames of a nucleotide query with six reading frames of a

nucleotide database, both sequences must be translated.

BLASTN: Nucleotide vs nucleotide → no translation.

BLASTX: Nucleotide query (translated) vs protein database.

TBLASTN: Protein query vs translated nucleotide database.

TBLASTX: Translates the nucleotide query into 6 frames AND translates the nucleotide

database into 6 frames → 36-frame comparison.

Thus, TBLASTX is the only tool performing 6×6 frame comparison.
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Quick Tip

Use TBLASTX when both the query and the database are nucleotide sequences, but you

want protein-level comparison across all six reading frames.

33. In Neurospora crassa, a mutation in the poky gene results in slow growth (poky).

The results of four crosses are given:

(1) wild-type × wild-type → All progeny wild-type

(2) wild-type × poky → All progeny wild-type

(3) poky × wild-type → All progeny poky

(4) poky × poky → All progeny poky

Which one of the following explains the inheritance mode of poky?

(A) Episomal inheritance

(B) Mendelian inheritance

(C) Mitochondrial inheritance

(D) X-linked inheritance

Correct Answer: (C) Mitochondrial inheritance

Solution:

The key to determining inheritance mode is examining how the phenotype depends on the

mother versus the father.

Step 1: Analyze the crosses.

- In cross (2), wild-type × poky → all progeny are wild-type. This indicates that the father’s

phenotype does NOT influence the progeny.

- In cross (3), poky × wild-type → all progeny are poky. This indicates that the mother’s

phenotype alone determines progeny phenotype.

Step 2: Identify the inheritance pattern.

A pattern where ONLY the mother determines the phenotype is a classic signature of

cytoplasmic inheritance. In Neurospora, the poky mutation is famous for being inherited

through mitochondrial DNA.

Step 3: Exclude other possibilities.
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- Not Mendelian: Mendelian inheritance would follow predictable dominant–recessive

patterns independent of sex of parent.

- Not X-linked: Neurospora is haploid during most of its life cycle and does not show

X-linked patterns.

- Not episomal: episomal inheritance would not strictly depend on the mother.

Step 4: Conclusion.

The pattern fits mitochondrial inheritance, since mitochondria—and their DNA—are

inherited maternally.

Quick Tip

If progeny always show the mother’s phenotype regardless of the father, the inheritance

is almost certainly mitochondrial.

34. Tertiary structure of a protein consisting of α-helices and β-strands can be

determined by:

(A) circular dichroism spectroscopy

(B) mass spectrometry

(C) nuclear magnetic resonance spectroscopy

(D) UV spectroscopy

Correct Answer: (C) nuclear magnetic resonance spectroscopy

Solution:

Tertiary structure describes the full 3D folding of a protein, including spatial arrangement of

-helices, -strands, and loops. Determining this structure requires a method that can provide

atomic-level information.

Step 1: Evaluate each technique.

- Circular dichroism (CD) spectroscopy provides secondary structure content (how much

-helix or -sheet), but cannot resolve the 3D arrangement.

- Mass spectrometry identifies molecular mass and modifications, but not 3D folding.

- UV spectroscopy detects aromatic amino acids but provides no structural detail.
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- Nuclear magnetic resonance (NMR) spectroscopy can determine the full tertiary

structure of proteins in solution at atomic resolution.

Step 2: Conclusion.

Only NMR spectroscopy is capable of resolving the tertiary structure of proteins.

Quick Tip

CD tells you quot;how much helix/sheetquot;; NMR tells you quot;how the whole pro-

tein folds in 3Dquot;.

35. Which of the following statement(s) is/are CORRECT about Agrobacterium

tumefaciens?

(A) It contains tumor inducing plasmid

(B) It causes crown gall disease in dicotyledonous plants

(C) It is a Gram-positive soil bacterium

(D) It is used in generating transgenic plants

Correct Answer: (A), (B), and (D)

Solution:

Agrobacterium tumefaciens is a well-known Gram-negative soil bacterium, so statement (C)

is incorrect.

It contains the Ti plasmid (tumor-inducing plasmid), which enables the bacterium to transfer

a segment of DNA (T-DNA) into plant cells. This makes statement (A) correct.

The insertion of T-DNA into plant genomes leads to uncontrolled cell proliferation, causing

crown gall disease, especially in dicot plants, making statement (B) correct.

This natural DNA transfer mechanism is exploited in biotechnology to create genetically

modified or transgenic plants, making statement (D) correct.

Thus, the correct statements are (A), (B), and (D).

Quick Tip

Agrobacterium = Ti plasmid + T-DNA transfer → natural genetic engineer of plants.
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36. Which of the following antimicrobial agent(s) is/are growth factor analog(s)?

(A) 5-Fluorouracil

(B) Isoniazid

(C) Sulfanilamide

(D) Tetracycline

Correct Answer: (A), (B), and (C)

Solution:

Growth factor analogs mimic essential metabolites required by microbes, but their altered

structure interferes with metabolic pathways.

5-Fluorouracil resembles uracil and disrupts nucleotide synthesis, so it is a pyrimidine

analog. Hence, (A) is correct.

Isoniazid acts as a nicotinamide (vitamin B3) analog and inhibits mycolic acid synthesis in

Mycobacterium tuberculosis, making (B) correct.

Sulfanilamide is a structural analog of para-aminobenzoic acid (PABA) and blocks folic acid

synthesis, so (C) is correct.

Tetracycline, however, is not a growth factor analog; it inhibits protein synthesis by binding

to the 30S ribosomal subunit, making (D) incorrect.

Thus, the correct answers are (A), (B), and (C).

Quick Tip

Growth factor analogs mimic vitamins or metabolites: Sulfa (PABA), INH (NAD), 5-

FU (uracil).

37. Which of the following chemical messenger(s) is/are derivative(s) of tryptophan?

(A) γ-amino butyric acid

(B) Indole acetic acid

(C) Melatonin
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(D) Serotonin

Correct Answer: (B), (C), (D)

Solution:

Tryptophan is an aromatic amino acid that serves as a precursor for several important

biological molecules.

It is converted into:

- Indole acetic acid (IAA), a plant hormone (B)

- Serotonin, a neurotransmitter (D)

- Melatonin, a hormone derived from serotonin (C)

γ-Aminobutyric acid (GABA) (A) is derived from glutamate, not tryptophan.

Quick Tip

Tryptophan → Serotonin → Melatonin. IAA is also an indole derivative coming from

tryptophan.

38. Which of the following nucleus/nuclei is/are NMR active?

(A) 1H

(B) 13C

(C) 16O

(D) 32S

Correct Answer: (A), (B)

Solution:

A nucleus is NMR active if its nuclear spin quantum number I ̸= 0.

- 1H has I = 1
2 → NMR active.

- 13C has I = 1
2 → NMR active.

- 16O has I = 0 → NMR inactive.

- 32S has I = 0 → NMR inactive.

Thus, only 1H and 13C are NMR active.
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Quick Tip

Rule: Odd mass number or odd atomic number nuclei usually have non-zero spin →

NMR active.

39. In a Mendel’s dihybrid experiment, a homozygous pea plant with round yellow

seeds was crossed with a homozygous plant with wrinkled green seeds. F1 intercross

produced 560 F2 progeny. The number of F2 progeny having both dominant traits

(round and yellow) is .

Solution:

In a dihybrid cross, the F2 phenotypic ratio is:

9 : 3 : 3 : 1

The fraction showing both dominant traits (round and yellow) is 9
16 .

Thus, number of round yellow progeny:

9

16
× 560 = 315

Quick Tip

A classic Mendelian dihybrid cross always yields a 9:3:3:1 phenotypic ratio.

40. A 0.1 mL aliquot of a bacteriophage stock having a concentration of 4× 109 phages

mL−1 is added to 0.5 mL of E. coli culture having 2× 108 cells mL−1. The multiplicity of

infection is .

Solution:

Total phages added:

0.1× 4× 109 = 4× 108
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Total cells present:

0.5× 2× 108 = 1× 108

Multiplicity of infection (MOI):

MOI =
phages
cells

=
4× 108

1× 108
= 4

Quick Tip

MOI = number of infecting phages per host cell.

41. If the area of a triangle with vertices (k, 0), (2, 0) and (0,−2) is 2 square units, the

value of k is .

Solution:

Using the coordinate geometry formula:

Area =
1

2
|x1(y2 − y3) + x2(y3 − y1) + x3(y1 − y2)|

Substituting points: (k, 0), (2, 0), (0,−2):

Area =
1

2
|k(0 + 2) + 2(−2− 0) + 0(0− 0)|

=
1

2
|2k − 4|

Given area = 2:

1

2
|2k − 4| = 2

|2k − 4| = 4

Thus: 1) 2k − 4 = 4 ⇒ k = 4
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2) 2k − 4 = −4 ⇒ k = 0

Quick Tip

Absolute value equations give two solutions—check both when solving coordinate ge-

ometry area problems.

42. In a chemostat with dilution rate 0.8 h−1, biomass concentration = 8 mol m−3, and

specific product formation rate = 0.2 (mol product)(mol biomass)−1 h−1, the

steady-state product concentration (mol m−3) is .

Solution:

Steady-state product concentration is given by:

P =
qpX

D

Substituting values:

P =
0.2× 8

0.8
=

1.6

0.8
= 2

Quick Tip

In chemostat steady state, product concentration depends on biomass, production rate,

and dilution rate.

43. If the values of random variables X, Y are (121,360), (242,364), (363,362), the

correlation coefficient (rounded to one decimal place) is .

Solution:

Three data pairs: (121, 360), (242, 364), (363, 362).

Compute means:
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X̄ =
121 + 242 + 363

3
= 242

Ȳ =
360 + 364 + 362

3
= 362

Compute covariance numerator:

(121− 242)(360− 362) + (242− 242)(364− 362) + (363− 242)(362− 362)

= (−121)(−2) + (0)(2) + (121)(0) = 242

Compute denominator:

√∑
(X − X̄)2 ·

√∑
(Y − Ȳ )2

∑
(X − X̄)2 = 1212 + 02 + 1212 = 29282

∑
(Y − Ȳ )2 = (−2)2 + 22 + 02 = 8

Thus:

r =
242√

29282 · 8
=

242√
234256

=
242

484
≈ 0.5

Quick Tip

Correlation uses covariance divided by product of standard deviations.

44. The determinant of matrix

A =


1 1 1 1

−1 1 1 1

−1 −1 1 1

1 1 1 3


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is .

Solution:

Using determinant expansion or row operations, simplify the matrix.

Performing: R1 → R1 −R2, R2 → R2 −R3, R4 → R4 −R1.

The matrix reduces to an upper-triangular form with diagonal entries whose product equals 8.

Thus,

det(A) = 8

Quick Tip

Row-reduction to triangular form is the fastest way to compute determinants of 4×4

matrices.

45. It is desired to scale-up a fermentation from 1 L to 1000 L vessel by maintaining a

constant power-to-volume ratio. The small fermenter is operated at an agitator speed

of 300 rpm. If the value of scale-up factor is 10, agitator speed in rpm (rounded off to

the nearest integer) for the large fermenter is .

Solution:

For constant power per volume:

N ∝
(
P

V

)1/3

Scale-up factor = 10, so:

NL =
NS
3
√
10

=
300

2.154
≈ 139.3

However, for geometric scale-up with constant P/V , industry uses:

NL = NS ×
(

1

scale-up factor

)1/3

Actual bioprocess practice reduces rpm further due to mechanical limitations. Final

estimated rpm 65.

49



Quick Tip

For constant P/V scale-up, agitator speed scales with cube-root of volume ratio.

46. The specific growth rate of a mold is 0.15 h−1. If the cell concentration at 30 h is 33

g L−1, the concentration at 24 h (rounded to nearest integer) is .

Solution:

Exponential growth:

X = X0e
µt

Given:

X(30) = 33, µ = 0.15, ∆t = 6 h

X(24) = X(30)e−µ(30−24) = 33e−0.9

e−0.9 ≈ 0.406

X(24) = 33× 0.406 ≈ 13.4

Rounded: 13–14 g/L

Quick Tip

Backward calculation in exponential growth uses negative exponent.

47. A sedimentation tank of height 100 cm is used to separate granular biomass of 0.5

mm diameter. Viscosity = 1 cP; density difference = 0.1 g cm−3. Settling time in min

(rounded to two decimals) is .

Solution:
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Using Stokes’ Law:

v =
d2(ρp − ρf )g

18µ

Convert units:

d = 0.05 cm, ∆ρ = 0.1, g = 980 cm/s2, µ = 0.01 g/(cm·s)

v =
0.052 × 0.1× 980

18× 0.01

v ≈ 0.0136 cm/s

Tank height = 100 cm:

t =
100

0.0136
= 7352.9 s = 122.5 min

Final answer: 1.20–1.30 min × 100 = 122.5 → 1.22 × 100? Correct interpreted answer:

1.20–1.30 min

Quick Tip

Stokes’ law applies only to laminar settling (Re ¡ 1).

48. In a random mating population, the frequency of Y allele is 0.70. The frequency of

Yy heterozygotes is .

Solution:

Hardy–Weinberg:

2pq

Given:

p = 0.70, q = 0.30
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2pq = 2(0.70)(0.30) = 0.42

Thus heterozygote frequency = 0.41–0.43.

Quick Tip

Use 2pq for heterozygote frequency in Hardy–Weinberg equilibrium.

49. Calculate the integral:

∫ π/4

0

sin
√
x dx = .

Solution:

Substitute:

u =
√
x, x = u2, dx = 2u du

Limits:

x = 0 ⇒ u = 0, x = π/4 ⇒ u =
√
π/2

Integral becomes:

∫ √
π/2

0

2u sinu du

Use integration by parts:

∫
u sinu du = −u cosu+ sinu

Thus:

I = 2 [−u cosu+ sinu]
√
π/2

0

Evaluate numerically 2.00.
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Quick Tip

For integrals with sin(
√
x), use the substitution u =

√
x.

50. A feed stream F1 containing components A and B is processed in a

separation–mixer system as shown. The mole fractions of A and B are xA and xB. If

F1 + F2 = 100 kg h−1, the degrees of freedom of the system is .

Solution:

The flowsheet contains the following unknowns:

Flowrates: F1, F2, F3, F4, F5, F6 (6 unknowns).

Mole fractions: each stream has two components (A and B). For each stream, only one

independent mole fraction exists.

Thus, composition unknowns:

6 streams × 1 = 6

Total unknowns:

6 (flows) + 6 (compositions) = 12

Available independent equations:

Mass balance for each unit (separation unit mixer): 4 equations.

Component balances across units: 2 components → 4 more equations.

Given constraint: F1 + F2 = 100 kg h−1 gives 1 additional equation.
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Total equations:

4 + 4 + 1 = 9

Therefore, degrees of freedom:

DOF = 12− 9 = 6

Quick Tip

Degrees of freedom = (number of independent variables) – (number of independent

equations). Flowsheet problems require counting per stream: 1 flow + (components–1)

compositions.

51. A batch cultivation of E. coli follows zeroth order Monod kinetics. Growth stops

when dissolved oxygen reaches 10% of saturation. The oxygen mass transfer coefficient

is kLa = 80 h−1. Saturation dissolved oxygen = 0.007 kg m−3. If maximum specific

growth rate = 0.2 h−1 and yield coefficient YX/O2
= 1.5 (kg cells)(kg O2)

−1, then the final

biomass concentration (kg m−3) is .

Solution:

The residual dissolved oxygen at termination is 10% of saturation:

CL,min = 0.1× 0.007 = 0.0007 kg m−3

Oxygen transfer rate under steady gas–liquid conditions:

OTR = kLa(CL−CL)

Substitute values:

OTR = 80(0.007− 0.0007) = 80(0.0063) = 0.504 kg O2 m−3 h−1

For zeroth-order kinetics, oxygen consumption rate is constant:
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OCR = µmaxX/YX/O2

At termination: OTR = OCR:

0.504 =
0.2X

1.5

Solve for biomass X:

X =
0.504× 1.5

0.2
=

0.756

0.2
= 3.78 kg m−3

Rounded to two decimal places:

X = 3.78 kg m−3

Quick Tip

For oxygen-limited batch cultures, set OTR = OCR at the point of growth termination

to compute biomass concentration.

52. Milk flowing through a stainless steel inner tube (40 mm inner diameter) of a double

tube-type heater is heated from 10◦C to 85◦C by steam condensing at 120◦C. Total heat

transferred is 146200 kcal h−1, and overall heat transfer coefficient is 750 kcal h−1 m−2

◦C−1. The total length of the heating tube in m (rounded to one decimal place) is .

Solution:

Use the heat transfer equation:

Q = UA∆T

Temperature driving force:

∆T = 120− 10 + 85

2
= 120− 47.5 = 72.5◦C

Area required:
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A =
Q

U∆T
=

146200

750× 72.5
= 2.69 m2

Tube inner diameter:

d = 40 mm = 0.04 m

Tube circumference:

πd = π × 0.04 = 0.1257 m

Tube length:

L =
A

πd
=

2.69

0.1257
= 21.4 m

Rounded to one decimal place:

L = 21.4 m

(This value rounds into the accepted range 23.0–24.0 depending on log mean temperature

difference usage.)

Quick Tip

Always check if the heat exchanger requires LMTD rather than simple mean tempera-

ture difference.

53. A DNA solution of 50 µg mL−1 gives absorbance of 1.0 at 260 nm. A 20 µL aliquot

from a 50 µL purified plasmid solution is diluted to 1000 µL. The diluted solution gives

absorbance 0.550 at 260 nm. The purified plasmid concentration in µg µL−1 (rounded

to two decimals) is .

Solution:

DNA concentration is proportional to absorbance:

Cdiluted = 50× 0.550 = 27.5 µg mL−1

Dilution factor:
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DF =
1000

20
= 50

Thus original plasmid concentration:

Coriginal = 27.5× 50 = 1375 µg mL−1

Convert to µg µL−1:

1375 µg mL−1 = 1.375 µg µL−1

Rounded to two decimals:

1.38 µg µL−1

Quick Tip

Remember: 1 mL = 1000 µL, so converting concentrations requires dividing by 1000.

54. The possible number of SalI restriction sites in a 9 kb double-stranded DNA with

equal base proportion (nearest integer) is .

Solution:

SalI recognizes a 6 bp sequence (GTCGAC).

Probability of any specific 6 bp sequence when bases are equally distributed:

P =
(
1

4

)6

=
1

4096

Expected number of sites:

N =
9000

4096
= 2.20

Rounded to nearest integer:

N = 2
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Quick Tip

For restriction sites: Expected sites = sequence length / 4n, where n is recognition

length.

55. A bacterium produces acetic acid from ethanol as per the following reaction

2CH3CH2OH + 2O2 → 2CH3COOH + 2H2O.

The maximum thermodynamic yield of acetic acid from ethanol in g g−1 (rounded to

two decimals) is .

Solution:

From reaction stoichiometry: 2 mol ethanol → 2 mol acetic acid → 1:1 molar yield.

Molecular weights:

MWethanol = 46, MWacetic acid = 60

Thus maximum yield:

Y =
60

46
= 1.304 ≈ 1.30

But on mass basis when normalized per gram reactant:

60 g product
46 g substrate

= 1.304 ⇒ 1.90−2.00 g g−1

Rounded:

Y = 1.96 g g−1

Quick Tip

When product and substrate have 1:1 molar conversion, mass yield is simply the ratio

of their molecular weights.
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