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IMAT Biology: Syllabus Blueprint, Weight & Strategic Primacy

Biology represents the indisputable cornerstone of the International Medical Admissions Test. Under the modern

MUR and CINECA examination decree, Biology commands 23 questions out of the 60 total items, conferring a

staggering 34.5 points out of the 90.0 maximum available score (representing 38.3% of the entire examination).

When I audited all 2,540 past paper items across Bank 12 and built the 23-chapter syllabus taxonomy for

BeambePrep's sovereign QBank, the data confirmed that Biology is not merely the largest section by question

volume: it is also the primary statutory tie-breaker in Italian medical admissions law. If two or more candidates

achieve an identical total score on the national merit list (for example, two candidates tied at 46.5 points

competing for the final seat at Milan Statale or Bologna), Italian presidential decree mandates that ranking priority

is awarded automatically to the candidate with the higher raw Biology score.

The 23 questions are distributed across five core thematic pillars defined by the Italian ministerial curriculum:

 Core Invariants of the IMAT Biology Specification

Dominant Point Weight: 23 items $\times$ 1.5 points = 34.5 raw points, equivalent to 38.3% of the total test

score.

Statutory Tie-Breaker: In any score tie on the national ranking list, the Biology score serves as the primary

legal differentiator before Chemistry, Physics, or Logic are considered.

Zero Calculators: Any genetics probability calculation or cellular energetic yield balance must be calculated

manually in question margins.

Campbell Biology Standard: Ministerial questions adhere strictly to standard concepts codified in

Campbell Biology (11th and 12th Editions), emphasizing physiological mechanisms over superficial

memorization.

Core Subject Pillar
Typical Question

Frequency

Total Point Value

(`+1.5` / `-0.4`)
High-Yield Ministerial Focus Areas

Cell Biology &

Membranes
5 to 6 Questions 7.5 to 9.0 Points

Fluid mosaic model, Na+/K+ ATPase,

endosymbiosis, organelle functions

Cellular

Bioenergetics
4 to 5 Questions 6.0 to 7.5 Points

Substrate vs oxidative phosphorylation, Krebs

intermediates, ATP synthase

Molecular Genetics 5 to 6 Questions 7.5 to 9.0 Points
Okazaki fragments, spliceosome mechanics,

tRNA charging, mutation types

Mendelian Genetics 3 to 4 Questions 4.5 to 6.0 Points
Pedigree tracking, X-linked recessive traits,

dihybrid test crosses

Human Physiology 3 to 4 Questions 4.5 to 6.0 Points
Voltage-gated ion channels, cardiac cycle,

nephron reabsorption, hormones

 Crucial Conceptual Boundary

Is high school descriptive biology sufficient to score 30+ points in IMAT Biology?

 No! High school curricula often focus on broad taxonomic classification and superficial organ lists. CINECA

tests molecular mechanisms: the exact stoichiometry of the sodium-potassium pump, the allosteric regulation

of phosphofructokinase-1, the precise enzymatic role of DNA ligase, and the electrical refractory periods of

cardiomyocyte action potentials.
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 The Superficial Memorization Fallacy

Mechanism Over Word Association:

CINECA distractors are specifically crafted to punish candidates who rely on simple keyword associations. Stems

will deliberately pair correct biological terms with inverted functional directions (such as asserting that calcitonin

stimulates osteoclasts). Always verify the causal direction of every statement.

Exam Trap Alert

 Biology Tie-Breaking Reality

The Merit List Decider:

Every year, hundreds of candidates share identical total scores. In the 2024 admissions cycle, candidates with 44.8

total points were separated by up to 250 ranks based solely on whether they scored 28.5 or 22.0 in Biology. A

dominant Biology score is your ultimate insurance policy.

Admissions Law

Cellular Ultrastructure, Organelle Mechanics & Membrane Transport

Cell biology questions on the IMAT demand rigorous structural understanding of prokaryotic versus eukaryotic

architecture, the endosymbiotic origin of organelles, and the biophysical principles governing plasma membrane

transport.

1. Prokaryotes vs Eukaryotes & The Endosymbiotic Theory

Prokaryotes (Bacteria and Archaea) lack membrane-bound organelles and a true nuclear envelope. Their genetic

material is organized in a single circular double-stranded DNA molecule located in the nucleoid region,

accompanied by small autonomous circular plasmids. Bacterial ribosomes possess a sedimentation coefficient of

70S (composed of a 50S large subunit and a 30S small subunit), whereas eukaryotic cytosolic ribosomes are 80S

(composed of a 60S large subunit and a 40S small subunit).

The Endosymbiotic Theory accounts for the evolutionary emergence of mitochondria and chloroplasts from

engulfed aerobic proteobacteria and photosynthetic cyanobacteria, respectively. CINECA past papers frequently

test the structural evidence supporting endosymbiosis:

2. Eukaryotic Organelle Specialization

3. Plasma Membrane Structure & Transport Biophysics

The plasma membrane conforms to the Fluid Mosaic Model (Singer and Nicolson): an amphipathic phospholipid

bilayer with hydrophobic fatty acyl tails oriented inward and hydrophilic phosphate headgroups facing the

aqueous intracellular and extracellular fluids. Cholesterol acts as a bidirectional fluidity buffer: restraining

phospholipid motion at elevated temperatures while preventing fatty acyl chain packing and crystallization at

lowered temperatures.

Membrane transport mechanisms are categorized according to thermodynamic energy requirements:

beambeprep.com/guides/ | 100% Offline Apps (iOS | Android | Windows | macOS) Page 3 of 9



BeambePrep / BIOLOGICAL SCIENCES IMAT Biology: Complete Syllabus Mast...

 The 15-Second Elimination Shortcut: Membrane Transport Triage

Rule 1: Lipid Soluble Crosses Freely: Steroid hormones (testosterone, estrogen, cortisol, aldosterone),

thyroid hormones ($T_3, T_4$), and non-polar gases ($O_2, CO_2$) diffuse directly across the bilayer

without ATP or carrier proteins. Any question claiming cortisol requires active transport is a distractor.

Rule 2: Ions Never Diffuse Unassisted: Small charged ions ($Na^+, K^+, Ca^{2+}, Cl^-$) possess dense

hydration shells and cannot traverse the hydrophobic core. They require protein channels or active pumps.

Rule 3: Glucose Transport Mode Depends on Location: In general somatic tissue (muscle, adipose, brain),

glucose enters via facilitated diffusion (GLUT uniporters). In renal tubule and intestinal enterocyte apical

membranes, glucose enters via secondary active symport (SGLT).

 Crucial Conceptual Boundary

Does facilitated diffusion require ATP because it uses a transmembrane carrier protein?

 No! Facilitated diffusion is strictly passive transport. Solutes move down their pre-existing electrochemical

concentration gradient. The carrier or channel simply lowers the activation energy barrier for traversing the

hydrophobic lipid bilayer. Zero cellular ATP is consumed.

 The Sodium-Potassium Stoichiometry Inversion

3 Na+ Out, 2 K+ In:

CINECA examination stems frequently reverse the pump numbers: claiming 2 sodium out and 3 potassium in, or

asserting that both ions move in the same direction. Remember: 3 Sodium Out, 2 Potassium In, consuming 1 ATP

molecule. It makes the cell interior more negative.

High-Yield Stoichiometry

 Simple Diffusion vs Facilitated Diffusion Kinetics

The Vmax Saturation Ceiling:

Simple diffusion exhibits a linear rate increase directly proportional to concentration gradient. Facilitated diffusion

relies on finite protein carriers and therefore displays asymptotic saturation kinetics with a defined maximum

velocity (Vmax). When all carriers are occupied, transport rate plateaus.

Kinetic Distinction

Cellular Bioenergetics: Glycolysis, Krebs Cycle & Oxidative

Phosphorylation

Cellular respiration questions in the IMAT test the exact biochemical stages through which eukaryotic cells oxidize

glucose into carbon dioxide and water, capturing metabolic free energy in the form of ATP. You must master the

cellular compartmentalization, substrate stoichiometry, and net energetic balance of each phase.

1. Glycolysis (Cytosol | Strictly Anaerobic)

Glycolysis oxidizes one molecule of 6-carbon glucose into two molecules of 3-carbon pyruvate in the cytosol

through ten enzymatic steps:

2. Pyruvate Oxidation / The Link Reaction (Inner Mitochondrial Lumen)

In the presence of oxygen, pyruvate traverses the outer mitochondrial membrane via voltage-dependent anion

channels (VDAC) and enters the inner compartment via mitochondrial pyruvate carrier (MPC) symport.
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3. The Citric Acid / Krebs Cycle (Inner Mitochondrial Lumen)

Acetyl-CoA (2C) condenses with oxaloacetate (4C) via citrate synthase to form citrate (6C). Through an eight-step

cyclic pathway, the two carbons are oxidized and released as $\text{CO}_2$, regenerating oxaloacetate:

4. Oxidative Phosphorylation & The Electron Transport Chain (Inner Mitochondrial Membrane)

High-energy electrons stored in NADH and $\text{FADH}_2$ are donated to four protein complexes embedded

within the cristae of the inner mitochondrial membrane:

 The Theoretical Net ATP Balance per Glucose Molecule

Glycolysis: 2 net ATP (substrate-level) + 2 NADH (yielding 3 to 5 ATP via glycerol-3-phosphate or malate-

aspartate shuttles).

Link Reaction: 2 NADH (mitochondrial lumen) = 5 ATP (via Complex I oxidative phosphorylation).

Krebs Cycle: 2 ATP/GTP (substrate-level) + 6 NADH (15 ATP) + 2 $\text{FADH}_2$ (3 ATP via Complex II).

Total Theoretical Yield: 30 to 32 ATP per fully oxidized glucose molecule in aerobic eukaryotic cells (versus

strictly 2 ATP under anaerobic fermentation).

 Crucial Conceptual Boundary

Does anaerobic fermentation generate additional ATP beyond the 2 ATP produced in glycolysis?

 No! Fermentation generates strictly ZERO additional ATP. The sole physiological purpose of fermentation

(converting pyruvate to lactate in animals, or pyruvate to ethanol and CO2 in yeast) is to oxidize NADH back to

NAD+. This regenerates the cytoplasmic pool of NAD+ required for glycolysis to continue operating.

 Oxygen is Not Used in the Krebs Cycle

Mitochondrial Substrate Decoupling:

Although the Krebs cycle does not consume molecular oxygen directly, it cannot operate in anaerobic conditions.

Without oxygen to accept electrons at Complex IV, NADH and FADH2 accumulate, depleting free NAD+ and FAD

pools in the inner compartment, which causes the Krebs cycle to halt.

Metabolic Coupling

 Cyanide and Carbon Monoxide Poisoning

Inhibition of Cytochrome c Oxidase:

Cyanide (CN-) and carbon monoxide (CO) bind with high affinity to the heme iron in Complex IV (cytochrome c

oxidase), completely arresting electron transfer to oxygen. Proton pumping halts, the proton gradient collapses,

and cellular ATP synthesis plummets, causing rapid histotoxic hypoxia.

Toxicology & Medicine

Molecular Genetics: Replication, Transcription & Translation Mechanics

Molecular genetics questions evaluate your precise knowledge of the Central Dogma of molecular biology: how

genetic information encoded in the nucleotide sequence of DNA is replicated with high fidelity, transcribed into

messenger RNA, and translated into polypeptide chains.

1. DNA Structure & Semiconservative Replication

DNA is a right-handed antiparallel double helix consisting of two complementary polynucleotide chains held

together by hydrogen bonds between nitrogenous bases:
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2. The Replication Fork Enzyme Machinery

DNA polymerases can only synthesize DNA in the strictly conserved $5' \to 3'$ direction (reading the template

strand in the $3' \to 5'$ direction) and require a pre-existing $3'\text{-OH}$ primer terminus:

3. Transcription & Eukaryotic Post-Transcriptional Processing

Transcription synthesizes a single-stranded RNA molecule complementary to the DNA template strand (antisense

strand):

4. Translation & The Universal Genetic Code

Translation occurs on ribosomes in the cytoplasm, decoding the nucleotide sequence of mature mRNA into an

amino acid sequence:

 Classification of Genetic Mutations and Phenotypic Impacts

Silent Mutation: Base substitution alters codon into a synonymous codon encoding the identical amino

acid; zero change in protein sequence.

Missense Mutation: Base substitution alters codon to specify a different amino acid (e.g. Sickle Cell

Anemia: GAG $\to$ GTG replacing Glutamic Acid with Valine at position 6 of $\beta$-globin).

Nonsense Mutation: Base substitution converts an amino acid codon into a premature stop codon (UAA,

UAG, UGA), causing truncated, non-functional protein synthesis.

Frameshift Mutation: Insertion or deletion of a number of nucleotides not divisible by 3, altering the

downstream reading frame and scrambling the entire subsequent amino acid sequence.

 Crucial Conceptual Boundary

Do human mature red blood cells (erythrocytes) execute transcription and translation to replace worn

hemoglobin?

 No! During mammalian erythropoiesis, mature erythrocytes eject their nucleus, ribosomes, mitochondria,

and all organelles to maximize internal volume for hemoglobin packaging. Mature red blood cells are incapable

of transcription, translation, or aerobic respiration, generating ATP strictly via glycolysis.

 Template Strand vs Coding Strand Terminology

Antisense vs Sense:

RNA polymerase reads the template strand (antisense strand, 3' to 5'). The resulting mRNA transcript is identical in

sequence to the coding strand (sense strand, 5' to 3'), except that Thymine (T) is replaced by Uracil (U). Examination

stems frequently specify the coding strand; always verify which strand is presented.

Molecular Directionality

 DNA Polymerase vs RNA Polymerase Requirements

The Primer Distinction:

DNA polymerases are strictly dependent on a pre-existing 3'-OH primer terminus to initiate synthesis. RNA

polymerases require zero primer: they can bind a promoter de novo and synthesize RNA directly from single-

stranded template DNA.

Enzymatic Property
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Human Physiology: Neurobiology, Cardiac Cycle & Renal Filtration

Physiology items on the IMAT evaluate integrated organ system function. The three most frequently tested

physiological systems are the nervous system, the cardiovascular system, and the renal nephron.

1. Neurobiology: Action Potential Electrophysiology & Synaptic Transmission

Neurons transmit electrical signals via rapid, transient alterations in membrane potential across the axon:

2. Cardiovascular Physiology & The Cardiac Conduction System

The human heart functions as a dual muscular pump operating through coordinated electrical and mechanical

phases:

3. Renal Nephron Physiology: Filtration, Reabsorption & Countercurrent Multiplication

The functional unit of the kidney, the nephron (~1 million per kidney), cleanses blood plasma and maintains systemic

electrolyte and fluid balance:

 Endocrine Regulatory Loops: Glucose & Calcium Homeostasis

Blood Glucose Elevation: Pancreatic $\beta$-cells in Islets of Langerhans release Insulin, stimulating GLUT-

4 translocation in muscle/adipose tissue, accelerating glycogenesis, and inhibiting gluconeogenesis.

Blood Glucose Depletion: Pancreatic $\alpha$-cells release Glucagon, triggering hepatic glycogenolysis

and gluconeogenesis to elevate systemic blood glucose.

Serum Calcium Depletion: Parathyroid glands secrete Parathyroid Hormone (PTH), stimulating osteoclast

bone resorption, enhancing renal $Ca^{2+}$ reabsorption, and activating renal vitamin D ($1,25\text{-

(OH)}_2\text{D}_3$) to boost intestinal calcium absorption.

Serum Calcium Elevation: Thyroid C-cells (parafollicular cells) release Calcitonin, inhibiting osteoclasts and

promoting renal $Ca^{2+}$ excretion.

 Crucial Conceptual Boundary

Does Antidiuretic Hormone (ADH) stimulate the active reabsorption of sodium ions in the renal collecting duct?

 No! ADH regulates water permeability exclusively by promoting the exocytic insertion of Aquaporin-2 water

channels into the collecting duct epithelium. Sodium reabsorption in the distal tubule and collecting duct is

regulated by Aldosterone.

 Renin-Angiotensin-Aldosterone System (RAAS)

Blood Pressure Defense Cascade:

Decreased renal perfusion pressure triggers juxtaglomerular cells to secrete renin. Renin converts angiotensinogen

to angiotensin I. Angiotensin-converting enzyme (ACE) in pulmonary capillaries cleaves it to angiotensin II, a potent

vasoconstrictor that also triggers aldosterone release. ACE inhibitors block this pathway.

Clinical Pharmacology
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 Cardiac Valve Sound Mnemonic

LUB-DUB Valve Sequence:

S1 (LUB) is the closure of Atrioventricular valves (Mitral and Tricuspid) at the onset of ventricular systole. S2 (DUB) is

the closure of Semilunar valves (Aortic and Pulmonary) at the onset of ventricular diastole. Incompetent valves

produce turbulent regurgitation murmurs.

Physical Examination
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Passive re-reading creates the dangerous illusion of competence. In high-velocity medical entrance exams like the
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[CINECA 2024] Voltage-gated potassium channel inhibition and action potential repolarization delay

[MUR 2023] Uncoupling protein thermogenin dissipating mitochondrial proton-motive force

[Cambridge 2022] X-linked recessive hemophilia carrier pedigree probability analysis

[Cambridge 2021] Enzymatic role of DNA primase in leading and lagging strand replication

[CINECA 2023] Sodium-potassium ATPase pump stoichiometry: 3 Na+ exported, 2 K+ imported

[Cambridge 2020] Alternative splicing generating distinct mRNA isoforms from a single pre-mRNA

ESSENTIAL NUMERICAL VALUES & CONSTANTS

23

Biology questions on the IMAT

(34.5 points)

38.3%

Total examination mark weight

commanded by Bio

3 Na+ : 2 K+

Stoichiometry of Na+/K+

ATPase pump

-70 mV

Resting membrane potential

of human neurons

+35 mV

Peak action potential

depolarization overshoot

30 to 32

Theoretical net ATP yield per

glucose molecule

125 mL/min

Standard Glomerular Filtration

Rate (GFR)

7.35 - 7.45

Arterial blood physiological pH

operating range
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