QA 01 OF BIOLOGY / BIOCHEMISTRY

Nicotinamide Cofactor Redox Chemistry
Biology / Biochemistry / Medium / Structure Function Mapping

®) © NADP" oxidized form m reduced form

&) H H O
. 7
__ nicotinamide ¢ \ | I C N
ring NH,
B0
P—0O

—_ this phosphatf groupis ——
missing in NAD™ and NADH

QUESTION
In the reaction pair shown, which part of the cofactor must accept or donate the transferred
hydride, and why is that site chemically suited to undergo the reversible redox change?

ANSWER
The nicotinamide ring is the hydride-transfer center. Hydride addition to or removal from its C4 position
interconverts the oxidized pyridinium form and the reduced dihydropyridine form.

RATIONALE

The image localizes the structural difference between the oxidized and reduced cofactors to the nicotinamide ring. Its
positively charged, conjugated pyridinium system can accept a hydride at C4, while the reduced ring can return that
hydride during oxidation.

REASONING STEPS
1. Locate the structural region that changes between the two drawings
2. identify the carbon where hydrogen addition changes aromaticity and charge
3. connect that change to reversible hydride transfer
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QA 02 OF BIOLOGY / MOLECULAR BIOLOGY
Nucleic-Acid Polymerization Polarity

Biology / Molecular Biology / Medium / Sequence Reasoning
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QUESTION
At the chain end indicated by the curved attack arrow, which atom attacks which phosphate, and

what synthesis direction follows from the strand-end labels visible in the drawing?

ANSWER
The terminal 3" hydroxyl attacks the alpha phosphate of the incoming nucleotide, so synthesis proceeds in the 5 to

3’ direction.

RATIONALE
The diagram places the free hydroxyl at the strand terminus opposite the incoming nucleotide triphosphate. Formation of

the new phosphodiester bond therefore extends the 3" end and releases pyrophosphate.

REASONING STEPS
1. Identify the free terminal hydroxyl in the strand
2. follow its attack on the incoming nucleotide's alpha phosphate
3. translate extension at the 3’ end into 5’3" synthesis

ga_biology_molecular_biology_000006_01_v001 2
Pre-scores: image necessity 4/5 | reasoning 3/5 | grounding 5/5 | leakage 1/4



QA 03 OF BIOLOGY / BIOCHEMISTRY
Nucleotide Activation Before Polymerization

Biology / Biochemistry / Medium Hard / Quantitative Stoichiometric Inference
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QUESTION

Tracing the molecule that begins with one phosphate through the activation arrows and then into
the polymer, how many phosphate-transfer steps are shown before incorporation, and what
additional leaving group appears at incorporation?

ANSWER
Two phosphate-transfer events convert the monophosphate to the triphosphate. Polymerization then releases

pyrophosphate from the incoming nucleoside triphosphate.

RATIONALE

The image separates nucleotide phosphorylation into monophosphate-to-diphosphate and diphosphate-to-triphosphate
steps, followed by chain incorporation. Counting those arrows gives two activation transfers, while the polymerization
panel shows PPi departure.

REASONING STEPS
1. Trace the nucleotide through the activation sequence
2. count the phosphate-transfer transitions
3. identify the leaving group in the polymerization step
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QA 04 OF ENGINEERING / STRUCTURAL ENGINEERING
Stages Of Concrete Failure Under Sustained Stress

Engineering / Structural Engineering / Hard / Trend Interpretation
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QUESTION

At the fourth marked point, immediately before the curve turns sharply upward, would a small
additional strain be expected to remain stable or initiate unstable crack growth? Justify the
prediction using both the curve shape and the crack sketches.

ANSWER
It is at the critical boundary, so a small additional strain is expected to initiate unstable crack growth. Beyond that
point the curve steepens rapidly and the sketches change from distributed stable cracks to a dominant connected
failure pattern.

RATIONALE
The fourth marker lies at the transition into the sharply accelerating branch. The adjacent sketches show damage
changing from stable propagation to a major connected crack and fragmentation, so further deformation is no longer
accommodated by stable crack growth.

REASONING STEPS
1. Locate the fourth marker relative to the sharply accelerating branch

2. compare the stable-crack sketch before it with the dominant-crack sketch after it
3. infer that an incremental strain crosses the stability boundary and triggers progressive failure
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QA 05 OF ENGINEERING / STRUCTURAL ENGINEERING
Concrete Strength Variability By Material Class

Engineering / Structural Reliability / Medium Hard / Quantitative Comparison

Coefhicient of Variation of Concrete Strength for
Specified Strength Below 5000 psi®

Specified Strength, psi Coefficient
of Variation,
Percent

Concrete Category 2000 3000 4000 5000 (Average)®
Concrete made at central

mixing plant .........cccccoeiininn 0.10 0.095 0.090 0.085 9.0
Concrete made in open-top

batching plant .....cco—............. 0.12 0.115 0.110 0.105 11.3
Ordinary ready-mix concrete ..... 0.13 0.115 0.110 0.105 11.5
Transit-mixed concrete ............. 0.15 0.135 0.115 0.105 12.6
Plant-precast concrete ............... 0.10 0.090 0.085 0.075 8.5
Lightweight concrete ................ 0.18 0.160 0.135 0.120 14.9

* For specified strengths of 5000 psi or more, see ACI 214R.
b The average coefficient of variation is the average of the four specified strengths.

Source: Adapted from ACI Committee 214, “Recommended Practice for Evaluation of
Strength Test Results of Concrete,” ACI 214R-11, and Table 5.1.2 of
ACI Committee 301, “Specifications for Structural Concrete,” ACI 301-10.

QUESTION
At a specified strength of 3000 psi, which material category requires the largest mean-strength

margin to achieve the same lower-tail reliability, and what table entry supports the choice?

ANSWER
Lightweight concrete requires the largest margin because it has the largest listed coefficient of variation,

approximately 0.160.

RATIONALE
A larger coefficient of variation broadens the strength distribution relative to its mean. The 3000-psi row/column

comparison shows the lightweight category has the greatest relative scatter, so it needs the greatest overdesign margin.

REASONING STEPS
1. Locate the 3000-psi comparison in the table
2. identify the maximum coefficient of variation
3. connect larger relative scatter to a larger reliability margin
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QA 06 OF ENGINEERING / REINFORCED CONCRETE
Load Transfer By A Hooked Reinforcing Bar

Engineering / Reinforced Concrete / Hard / Counterfactual Mechanism Reasoning
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QUESTION
If force transfer along the straight embedded segment in the drawing were eliminated, which

remaining region could still react the applied force, and what local mechanism would it use?

ANSWER
The curved hook and its tail could still transfer force through bearing against the surrounding concrete, although

total anchorage capacity would decrease without straight-bar bond.

RATIONALE
The diagram separates a straight embedded segment from the bend and return tail. Removing interface bond from the
straight segment leaves the geometric bearing action developed where the bar changes direction.

REASONING STEPS
1. Partition the anchorage into straight-bond and hook-bearing regions
2. remove only the straight-bond mechanism
3. identify the curved region that can still develop reaction forces
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QA 07 OF ENGINEERING / REINFORCED CONCRETE
180-Degree Hook Force Path And Confinement

Engineering / Reinforced Concrete / Hard / Structure Function Mapping
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QUESTION

Using the force path and return-leg geometry visible in the drawing, explain why confinement is
needed around the return leg rather than only near the incoming straight segment.

ANSWER

The force path turns through the bend and continues into a long return leg, creating bearing and splitting stresses
around that leg. Confinement there restrains concrete separation and allows the return path to develop
anchorage.

RATIONALE
The drawing makes the extended return segment and tight curvature visible. Those features shift part of the anchorage
demand into the concrete surrounding the bend and tail, where transverse tensile stresses can cause splitting.

REASONING STEPS
1. Trace the force path around the 180-degree turn

2. infer bearing and outward splitting around the curved/return region
3. locate where confinement must intersect that failure mechanism
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QA 08 OF ENGINEERING / STRUCTURAL ENGINEERING
Closed Versus Slit Thin-Walled Sections In Torsion

Engineering / Structural Engineering / Hard / Panel Comparison
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QUESTION

Why does cutting the longitudinal slit shown cause a drastic loss of torsional stiffness even though
most of the wall material remains?

ANSWER
The slit breaks the closed path required for a continuous circulating shear flow. The section must then behave as

an open thin-walled member with much smaller Saint-Venant torsional stiffness and greater warping.

RATIONALE
The two geometries differ mainly in topology, not material area. The closed tube supports a loop of shear flow around an

enclosed area, whereas the slit creates free edges and prevents that loop.

REASONING STEPS
1. Compare topology rather than material quantity
2. relate a closed cell to continuous shear flow and enclosed area
3. infer why opening the cell sharply lowers torsional rigidity
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QA 09 OF BIOLOGY / BOTANY

Composite Inflorescence Morphology
Biology / Botany / Medium / Structure Function Mapping

QUESTION

Does the flower-like structure in the photograph represent one large flower or a composite
inflorescence? Use the repeated central and peripheral units to classify it and explain one
pollination advantage.

ANSWER
Itis a capitulum, or flower head. Aggregating many florets creates a large, conspicuous pollinator target and
allows a single visit to service multiple flowers efficiently.

RATIONALE

The visible center consists of numerous repeated floral units surrounded by showier peripheral structures. That
organization is a composite head rather than one large flower and increases display size without requiring one giant floral
organ.

REASONING STEPS
1. Distinguish repeated florets from organs of one flower
2. classify the compact shared-receptacle arrangement
3. connect aggregation to pollinator attraction and visitation efficiency
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QA 10 OF BIOLOGY / IMMUNOLOGYMHC

Class Ii Peptide Loading

Biology / Immunology / Hard / Intervention Prediction
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QUESTION
The exchange factor drawn between the CLIP-bearing state and the peptide-loaded state is absent.
What remains in many binding grooves, and how does surface presentation change?

ANSWER
CLIP would remain bound to many MHC class II molecules, so efficient loading of diverse endosomal peptides and
their presentation at the cell surface would be greatly reduced.

RATIONALE
The diagram shows invariant-chain processing leaving CLIP in the peptide groove, followed by HLA-DM-mediated
exchange for antigenic peptide. Removing the exchange catalyst preserves the blocked groove state.

REASONING STEPS
1. Trace the ordered loading pathway
2. identify HLA-DM's step as CLIP removal/exchange
3. predict retention of CLIP and reduced peptide diversity at the surface
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