




[image: cover]










[image: Image]


MCAT®
BIOLOGY
REVIEW
2025–2026


ONLINE + BOOK


Edited by Alexander Stone Macnow, MD


MCAT® is a registered trademark of the Association of American Medical Colleges, which neither sponsors nor endorses this product.











MCAT®
BIOLOGY
REVIEW
2025–2026


ONLINE + BOOK











ACKNOWLEDGMENTS


Editor-in-Chief, 2025–2026 Edition
 M. Dominic Eggert


Contributing Editor, 2025–2026 Edition
Elisabeth Fassas, MD MSc


Prior Edition Editorial Staff: Christopher Durland; Charles Pierce, MD; Jason Selzer


MCAT® is a registered trademark of the Association of American Medical Colleges, which neither sponsors nor endorses this product.


This publication is designed to provide accurate and authoritative information in regard to the subject matter covered. It is sold with the understanding that the publisher is not engaged in rendering medical, legal, accounting, or other professional services. If legal advice or other expert assistance is required, the services of a competent professional should be sought.


© 2024 Kaplan North America, LLC


Published by Kaplan North America, LLC dba Kaplan Publishing
1515 West Cypress Creek Road
Fort Lauderdale, Florida 33309


All rights reserved. The text of this publication, or any part thereof, may not be reproduced in any manner whatsoever without written permission from the publisher.


ISBN: 978-1-5062-9413-1


10 9 8 7 6 5 4 3 2 1


Kaplan Publishing print books are available at special quantity discounts to use for sales promotions, employee premiums, or educational purposes. For more information or to purchase books, please call the Simon & Schuster special sales department at 866-506-1949.











The Kaplan MCAT Review Team


Alexander Stone Macnow, MD
Editor-in-Chief 


Áine Lorié, PhD
 Editor


Derek Rusnak, MA
 Editor


Mikhail Alexeeff
 Kaplan MCAT Faculty


Laura L. Ambler
 Kaplan MCAT Faculty


Krista L. Buckley, MD
 Kaplan MCAT Faculty


Kristen L. Russell, ME
 Editor


Pamela Willingham, MSW
 Editor


Melinda Contreras, MS
 Kaplan MCAT Faculty


Samantha Fallon
 Kaplan MCAT Faculty


Jason R. Selzer
 Kaplan MCAT Faculty


M. Dominic Eggert
 Editor


MCAT faculty reviewers: Elmar R. Aliyev; James Burns; Jonathan Cornfield; Alisha Maureen Crowley; Brandon Deason, MD; Nikolai Dorofeev, MD; Benjamin Downer, MS; Colin Doyle; Christopher Durland; M. Dominic Eggert; Marilyn Engle; Eleni M. Eren; Raef Ali Fadel; Elizabeth Flagge; Adam Grey; Tyra Hall-Pogar, PhD; Justine Harkness, PhD; Scott Huff; Samer T. Ismail; Aeri Kim, PhD; Elizabeth A. Kudlaty; Kelly Kyker-Snowman, MS; Ningfei Li; John P. Mahon; Brandon McKenzie; Matthew A. Meier; Nainika Nanda; Caroline Nkemdilim Opene; Kaitlyn E. Prenger; Uneeb Qureshi; Bela G. Starkman, PhD; Michael Paul Tomani, MS; Nicholas M. White;  Allison Ann Wilkes, MS; Kerranna Williamson, MBA; MJ Wu; and Tony Yu


Thanks to  Eric Chiu;  Tim Eich; Tyler Fara; Owen Farcy; Dan Frey; Robin Garmise; Rita Garthaffner; Joanna Graham;  Allison Harm; Beth Hoffberg; Aaron Lemon-Strauss; Keith Lubeley; Diane McGarvey; Petros Minasi; Camellia Mukherjee; Denise Pangia; John Polstein; Deeangelee Pooran-Kublall, MD, MPH; Rochelle Rothstein, MD; Larry Rudman; Sylvia Tidwell Scheuring; Carly Schnur; Karin Tucker; Lee Weiss; and the countless others who made this project possible.











Getting Started Checklist




[image: image]













Preface


And now it starts: your long, yet fruitful journey toward wearing a white coat. Proudly wearing that white coat, though, is hopefully only part of your motivation. You are reading this book because you want to be a healer.


If you’re serious about going to medical school, then you are likely already familiar with the importance of the MCAT in medical school admissions. While the holistic review process puts additional weight on your experiences, extracurricular activities, and personal attributes, the fact remains: along with your GPA, your MCAT score remains one of the two most important components of your application portfolio—at least early in the admissions process. Each additional point you score on the MCAT pushes you in front of thousands of other students and makes you an even more attractive applicant. But the MCAT is not simply an obstacle to overcome; it is an opportunity to show schools that you will be a strong student and a future leader in medicine.


We at Kaplan take our jobs very seriously and aim to help students see success not only on the MCAT, but as future physicians. We work with our learning science experts to ensure that we’re using the most up-to-date teaching techniques in our resources. Multiple members of our team hold advanced degrees in medicine or associated biomedical sciences, and are committed to the highest level of medical education. Kaplan has been working with the MCAT for over 50 years and our commitment to premed students is unflagging; in fact, Stanley Kaplan created this company when he had difficulty being accepted to medical school due to unfair quota systems that existed at the time.


We stand now at the beginning of a new era in medical education. As citizens of this 21st-century world of healthcare, we are charged with creating a patient-oriented, culturally competent, cost-conscious, universally available, technically advanced, and research-focused healthcare system, run by compassionate providers. Suffice it to say, this is no easy task. Problem-based learning, integrated curricula, and classes in interpersonal skills are some of the responses to this demand for an excellent workforce—a workforce of which you’ll soon be a part.


We’re thrilled that you’ve chosen us to help you on this journey. Please reach out to us to share your challenges, concerns, and successes. Together, we will shape the future of medicine in the United States and abroad; we look forward to helping you become the doctor you deserve to be.


Good luck!


Alexander Stone Macnow, MD


Editor-in-Chief


Department of Pathology and Laboratory Medicine


Hospital of the University of Pennsylvania


BA, Musicology—Boston University, 2008


MD—Perelman School of Medicine at the University of Pennsylvania, 2013











About the MCAT


Anatomy of the MCAT


Here is a general overview of the structure of Test Day:


















	Section

	Number of Questions

	Time Allotted










	Test-Day Certification

	 

	4 minutes






	Tutorial (optional)

	 

	10 minutes






	Chemical and Physical Foundations of Biological Systems

	59

	95 minutes






	Break (optional)

	 

	10 minutes






	Critical Analysis and Reasoning Skills (CARS)

	53

	90 minutes






	Lunch Break (optional)

	 

	30 minutes






	Biological and Biochemical Foundations of Living Systems

	59

	95 minutes






	Break (optional)

	 

	10 minutes






	Psychological, Social, and Biological Foundations of Behavior

	59

	95 minutes






	Void Question

	 

	3 minutes






	Satisfaction Survey (optional)

	 

	5 minutes









The structure of the four sections of the MCAT is shown below.
















	Chemical and Physical Foundations of Biological Systems










	Time

	95 minutes






	Format

	

	59 questions


	10 passages


	44 questions are passage-based, and 15 are discrete (stand-alone) questions.


	Score between 118 and 132









	What It Tests

	

	Biochemistry: 25%


	Biology: 5%


	General Chemistry: 30%


	Organic Chemistry: 15%


	Physics: 25%









	
Critical Analysis and Reasoning Skills (CARS)







	Time

	90 minutes






	Format

	

	53 questions


	9 passages


	All questions are passage-based. There are no discrete (stand-alone) questions.


	Score between 118 and 132











	What It Tests

	Disciplines:



	Humanities: 50%


	Social Sciences: 50%




Skills:




	
Foundations of Comprehension: 30%


	
Reasoning Within the Text: 30%


	
Reasoning Beyond the Text: 40%










	Biological and Biochemical Foundations of Living Systems






	Time

	95 minutes






	Format

	

	59 questions


	10 passages


	44 questions are passage-based, and 15 are discrete (stand-alone) questions.




	Score between 118 and 132









	What It Tests

	 

	Biochemistry: 25%


	Biology: 65%


	General Chemistry: 5%


	Organic Chemistry: 5%










	Psychological, Social, and Biological Foundations of Behavior






	Time

	95 minutes






	Format

	 

	59 questions


	10 passages


	44 questions are passage-based, and 15 are discrete (stand-alone) questions.




	Score between 118 and 132










	What It Tests

	 

	Biology: 5%


	Psychology: 65%


	Sociology: 30%










	Total






	Testing Time

	375 minutes (6 hours, 15 minutes)






	Total Seat Time

	447 minutes (7 hours, 27 minutes)






	Questions

	230






	Score

	472 to 528
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Scientific Inquiry and Reasoning Skills (SIRS)


The AAMC has defined four Scientific Inquiry and Reasoning Skills (SIRS) that will be tested in the three science sections of the MCAT:




	
Knowledge of Scientific Concepts and Principles (35% of questions)


	
Scientific Reasoning and Problem-Solving (45% of questions)


	
Reasoning About the Design and Execution of Research (10% of questions)


	
Data-Based and Statistical Reasoning (10% of questions)




Let’s see how each one breaks down into more specific Test Day behaviors. Note that the bullet points of specific objectives for each of the SIRS are taken directly from the Official Guide to the MCAT Exam; the descriptions of what these behaviors mean and sample question stems, however, are written by Kaplan.


Skill 1: Knowledge of Scientific Concepts and Principles



This is probably the least surprising of the four SIRS; the testing of science knowledge is, after all, one of the signature qualities of the MCAT. Skill 1 questions will require you to do the following:




	Recognize correct scientific principles


	Identify the relationships among closely related concepts


	Identify the relationships between different representations of concepts (verbal, symbolic, graphic)


	Identify examples of observations that illustrate scientific principles


	Use mathematical equations to solve problems




At Kaplan, we simply call these Science Knowledge or Skill 1 questions. Another way to think of Skill 1 questions is as “one-step” problems. The single step is either to realize which scientific concept the question stem is suggesting or to take the concept stated in the question stem and identify which answer choice is an accurate application of it. Skill 1 questions are particularly prominent among discrete questions (those not associated with a passage). These questions are an opportunity to gain quick points on Test Day—if you know the science concept attached to the question, then that’s it! On Test Day, 35% of the questions in each science section will be Skill 1 questions.


Here are some sample Skill 1 question stems:




	How would a proponent of the James–Lange theory of emotion interpret the findings of the study cited in the passage?


	Which of the following most accurately describes the function of FSH in the human menstrual cycle?


	If the products of Reaction 1 and Reaction 2 were combined in solution, the resulting reaction would form:


	Ionic bonds are maintained by which of the following forces?




Skill 2: Scientific Reasoning and Problem-Solving



The MCAT science sections do, of course, move beyond testing straightforward science knowledge; Skill 2 questions are the most common way in which it does so. At Kaplan, we also call these Critical Thinking questions. Skill 2 questions will require you to do the following:




	Reason about scientific principles, theories, and models


	Analyze and evaluate scientific explanations and predictions


	Evaluate arguments about causes and consequences


	Bring together theory, observations, and evidence to draw conclusions


	Recognize scientific findings that challenge or invalidate a scientific theory or model


	Determine and use scientific formulas to solve problems




Just as Skill 1 questions can be thought of as “one-step” problems, many Skill 2 questions are “two-step” problems, and more difficult Skill 2 questions may require three or more steps. These questions can require a wide spectrum of reasoning skills, including integration of multiple facts from a passage, combination of multiple science content areas, and prediction of an experiment’s results. Skill 2 questions also tend to ask about science content without actually mentioning it by name. For example, a question might describe the results of one experiment and ask you to predict the results of a second experiment without actually telling you what underlying scientific principles are at work—part of the question’s difficulty will be figuring out which principles to apply in order to get the correct answer. On Test Day, 45% of the questions in each science section will be Skill 2 questions.


Here are some sample Skill 2 question stems:




	Which of the following experimental conditions would most likely yield results similar to those in Figure 2?


	All of the following conclusions are supported by the information in the passage EXCEPT:


	The most likely cause of the anomalous results found by the experimenter is:


	An impact to a person’s chest quickly reduces the volume of one of the lungs to 70% of its initial value while not allowing any air to escape from the mouth. By what percentage is the force of outward air pressure increased on a 2 cm2 portion of the inner surface of the compressed lung?






Skill 3: Reasoning About the Design and Execution of Research



The MCAT is interested in your ability to critically appraise and analyze research, as this is an important day-to-day task of a physician. We call these questions Skill 3 or Experimental and Research Design questions for short. Skill 3 questions will require you to do the following:




	Identify the role of theory, past findings, and observations in scientific questioning


	Identify testable research questions and hypotheses


	Distinguish between samples and populations and distinguish results that support generalizations about populations


	Identify independent and dependent variables


	Reason about the features of research studies that suggest associations between variables or causal relationships between them (such as temporality and random assignment)


	Identify conclusions that are supported by research results


	Determine the implications of results for real-world situations


	Reason about ethical issues in scientific research




Over the years, the AAMC has received input from medical schools to require more practical research skills of MCAT test takers, and Skill 3 questions are the response to these demands. This skill is unique in that the outside knowledge you need to answer Skill 3 questions is not taught in any one undergraduate course; instead, the research design principles needed to answer these questions are learned gradually throughout your science classes and especially through any laboratory work you have completed. It should be noted that Skill 3 comprises 10% of the questions in each science section on Test Day.


Here are some sample Skill 3 question stems:




	What is the dependent variable in the study described in the passage?


	The major flaw in the method used to measure disease susceptibility in Experiment 1 is:


	Which of the following procedures is most important for the experimenters to follow in order for their study to maintain a proper, randomized sample of research subjects?


	A researcher would like to test the hypothesis that individuals who move to an urban area during adulthood are more likely to own a car than are those who have lived in an urban area since birth. Which of the following studies would best test this hypothesis?




Skill 4: Data-Based and Statistical Reasoning



Lastly, the science sections of the MCAT test your ability to analyze the visual and numerical results of experiments and studies. We call these Data and Statistical Analysis questions. Skill 4 questions will require you to do the following:




	Use, analyze, and interpret data in figures, graphs, and tables


	Evaluate whether representations make sense for particular scientific observations and data


	Use measures of central tendency (mean, median, and mode) and measures of dispersion (range, interquartile range, and standard deviation) to describe data


	Reason about random and systematic error


	
Reason about statistical significance and uncertainty (interpreting statistical significance levels and interpreting a confidence interval)


	Use data to explain relationships between variables or make predictions


	Use data to answer research questions and draw conclusions




Skill 4 is included in the MCAT because physicians and researchers spend much of their time examining the results of their own studies and the studies of others, and it’s very important for them to make legitimate conclusions and sound judgments based on that data. The MCAT tests Skill 4 on all three science sections with graphical representations of data (charts and bar graphs), as well as numerical ones (tables, lists, and results summarized in sentence or paragraph form). On Test Day, 10% of the questions in each science section will be Skill 4 questions.


Here are some sample Skill 4 question stems:




	According to the information in the passage, there is an inverse correlation between:


	What conclusion is best supported by the findings displayed in Figure 2?


	A medical test for a rare type of heavy metal poisoning returns a positive result for 98% of affected individuals and 13% of unaffected individuals. Which of the following types of errors is most prevalent in this test?


	If a fourth trial of Experiment 1 was run and yielded a result of 54% compliance, which of the following would be true?




SIRS Summary


Discussing the SIRS tested on the MCAT is a daunting prospect given that the very nature of the skills tends to make the conversation rather abstract. Nevertheless, with enough practice, you’ll be able to identify each of the four skills quickly, and you’ll also be able to apply the proper strategies to solve those problems on Test Day. If you need a quick reference to remind you of the four SIRS, these guidelines may help:


Skill 1 (Science Knowledge) questions ask:




	Do you remember this science content?




Skill 2 (Critical Thinking) questions ask:




	Do you remember this science content? And if you do, could you please apply it to this novel situation?


	Could you answer this question that cleverly combines multiple content areas at the same time?




Skill 3 (Experimental and Research Design) questions ask:




	Let’s forget about the science content for a while. Could you give some insight into the experimental or research methods involved in this situation?




Skill 4 (Data and Statistical Analysis) questions ask:




	Let’s forget about the science content for a while. Could you accurately read some graphs and tables for a moment? Could you make some conclusions or extrapolations based on the information presented?







Critical Analysis and Reasoning Skills (CARS) 


The Critical Analysis and Reasoning Skills (CARS) section of the MCAT tests three discrete families of textual reasoning skills; each of these families requires a higher level of reasoning than the last. Those three skills are as follows:




	
Foundations of Comprehension (30% of questions)


	
Reasoning Within the Text (30% of questions)


	
Reasoning Beyond the Text (40% of questions)




These three skills are tested through nine humanities- and social sciences-themed passages, with approximately 5 to 7 questions per passage. Let’s take a more in-depth look into these three skills. Again, the bullet points of specific objectives for each of the CARS are taken directly from the Official Guide to the MCAT Exam; the descriptions of what these behaviors mean and sample question stems, however, are written by Kaplan.


Foundations of Comprehension


Questions in this skill will ask for basic facts and simple inferences about the passage; the questions themselves will be similar to those seen on reading comprehension sections of other standardized exams like the SAT® and ACT®. Foundations of Comprehension questions will require you to do the following:




	Understand the basic components of the text


	Infer meaning from rhetorical devices, word choice, and text structure




This admittedly covers a wide range of potential question types including Main Idea, Detail, Inference, and Definition-in-Context questions, but finding the correct answer to all Foundations of Comprehension questions will follow from a basic understanding of the passage and the point of view of its author (and occasionally that of other voices in the passage).


Here are some sample Foundations of Comprehension question stems:




	
Main Idea—The author’s primary purpose in this passage is:


	
Detail—Based on the information in the second paragraph, which of the following is the most accurate summary of the opinion held by Schubert’s critics?


	
(Scattered) Detail—According to the passage, which of the following is FALSE about literary reviews in the 1920s?


	
Inference (Implication)—Which of the following phrases, as used in the passage, is most suggestive that the author has a personal bias toward narrative records of history?




	
Inference (Assumption)—In putting together the argument in the passage, the author most likely assumes:




	
Definition-in-Context—The word “obscure” (paragraph 3), when used in reference to the historian’s actions, most nearly means:





Reasoning Within the Text


While Foundations of Comprehension questions will usually depend on interpreting a single piece of information in the passage or understanding the passage as a whole, Reasoning Within the Text questions require more thought because they will ask you to identify the purpose of a particular piece of information in the context of the passage, or ask how one piece of information relates to another. Reasoning Within the Text questions will require you to:




	Integrate different components of the text to draw relevant conclusions




The CARS section will also ask you to judge certain parts of the passage or even judge the author. These questions, which fall under the Reasoning Within the Text skill, can ask you to identify authorial bias, evaluate the credibility of cited sources, determine the logical soundness of an argument, identify the importance of a particular fact or statement in the context of the passage, or search for relevant evidence in the passage to support a given conclusion. In all, this category includes Function and Strengthen–Weaken (Within the Passage) questions, as well as a smattering of related—but rare—question types.


Here are some sample Reasoning Within the Text question stems:




	
Function—The author’s discussion of the effect of socioeconomic status on social mobility primarily serves which of the following functions?




	
Strengthen–Weaken (Within the Passage)—Which of the following facts is used in the passage as the most prominent piece of evidence in favor of the author’s conclusions?


	
Strengthen–Weaken (Within the Passage)—Based on the role it plays in the author’s argument, The Possessed can be considered:




Reasoning Beyond the Text


The distinguishing factor of Reasoning Beyond the Text questions is in the title of the skill: the word Beyond. Questions that test this skill, which make up a larger share of the CARS section than questions from either of the other two skills, will always introduce a completely new situation that was not present in the passage itself; these questions will ask you to determine how one influences the other. Reasoning Beyond the Text questions will require you to:




	Apply or extrapolate ideas from the passage to new contexts


	Assess the impact of introducing new factors, information, or conditions to ideas from the passage




The Reasoning Beyond the Text skill is further divided into Apply and Strengthen–Weaken (Beyond the Passage) questions, and a few other rarely appearing question types.


Here are some sample Reasoning Beyond the Text question stems:




	
Apply—If a document were located that demonstrated Berlioz intended to include a chorus of at least 700 in his Grande Messe des Morts, how would the author likely respond?


	
Apply—Which of the following is the best example of a “virtuous rebellion,” as it is defined in the passage?


	
Strengthen–Weaken (Beyond the Passage)—Suppose Jane Austen had written in a letter to her sister, “My strongest characters were those forced by circumstance to confront basic questions about the society in which they lived.” What relevance would this have to the passage?


	
Strengthen–Weaken (Beyond the Passage)—Which of the following sentences, if added to the end of the passage, would most WEAKEN the author’s conclusions in the last paragraph?






CARS Summary


Through the Foundations of Comprehension skill, the CARS section tests many of the reading skills you have been building on since grade school, albeit in the context of very challenging doctorate-level passages. But through the two other skills (Reasoning Within the Text and Reasoning Beyond the Text), the MCAT demands that you understand the deep structure of passages and the arguments within them at a very advanced level. And, of course, all of this is tested under very tight timing restrictions: only 102 seconds per question—and that doesn’t even include the time spent reading the passages.


Here’s a quick reference guide to the three CARS skills:


Foundations of Comprehension questions ask:




	Did you understand the passage and its main ideas?


	What does the passage have to say about this particular detail?


	What must be true that the author did not say?




Reasoning Within the Text questions ask:




	What’s the logical relationship between these two ideas from the passage?


	How well argued is the author’s thesis?




Reasoning Beyond the Text questions ask:




	How does this principle from the passage apply to this new situation?


	How does this new piece of information influence the arguments in the passage?




Scoring


Each of the four sections of the MCAT is scored between 118 and 132, with the median at approximately 125. This means the total score ranges from 472 to 528, with the median at about 500. Why such peculiar numbers? The AAMC stresses that this scale emphasizes the importance of the central portion of the score distribution, where most students score (around 125 per section, or 500 total), rather than putting undue focus on the high end of the scale.


Note that there is no wrong answer penalty on the MCAT, so you should select an answer for every question—even if it is only a guess.




The AAMC has released the 2020–2022 correlation between scaled score and percentile, as shown on the following page. It should be noted that the percentile scale is adjusted and renormalized over time and thus can shift slightly from year to year. Percentile rank updates are released by the AAMC around May 1 of each year.






















	Total Score

	Percentile

	Total Score

	Percentile










	528

	100

	499

	43






	527

	100

	498

	39






	526

	100

	497

	36






	525

	100

	496

	33






	524

	100

	495

	31






	523

	99

	494

	28






	522

	99

	493

	25






	521

	98

	492

	23






	520

	97

	491

	20






	519

	96

	490

	18






	518

	95

	489

	16






	517

	94

	488

	14






	516

	92

	487

	12






	515

	90

	486

	11






	514

	88

	485

	9






	513

	86

	484

	8






	512

	84

	483

	6






	511

	81

	482

	4






	510

	78

	481

	4






	509

	75

	480

	3






	508

	72

	479

	3






	507

	69

	478

	1






	506

	66

	477

	1






	505

	62

	476

	1






	504

	59

	475

	1






	503

	56

	474

	<1






	502

	52

	473

	<1






	501

	49

	472

	<1






	500

	46

	

	









Source:  AAMC. 2023. Summary of MCAT Total and Section Scores. Accessed December 2023.
https://students-residents.aamc.org/mcat-research-and-data/percentile-ranks-mcat-exam


Further information on score reporting is included at the end of the next section (see After Your Test).




MCAT Policies and Procedures


We strongly encourage you to download the latest copy of MCAT®  Essentials, available on the AAMC’s website, to ensure that you have the latest information about registration and Test Day policies and procedures; this document is updated annually. A brief summary of some of the most important rules is provided here.


MCAT Registration


The only way to register for the MCAT is online. You can access AAMC’s registration system at www.aamc.org/mcat.


The AAMC posts the schedule of testing, registration, and score release dates in the fall before the MCAT testing year, which runs from January into September. Registration for January through June is available earlier than registration for later dates, but see the AAMC’s website for the exact dates each year. There is one standard registration fee, but the fee for changing your test date or test center increases the closer you get to your MCAT.


Fees and the Fee Assistance Program (FAP)


Payment for test registration must be made by MasterCard or VISA. As described earlier, the fees for registering for the MCAT—as well as rescheduling the exam or changing your testing center—increase as one approaches Test Day. In addition, it is not uncommon for test centers to fill up well in advance of the registration deadline. For these reasons, we recommend identifying your preferred Test Day as soon as possible and registering. There are ancillary benefits to having a set Test Day, as well: when you know the date you’re working toward, you’ll study harder and are less likely to keep pushing back the exam. The AAMC offers a Fee Assistance Program (FAP) for students with financial hardship to help reduce the cost of taking the MCAT, as well as for the American Medical College Application Service (AMCAS®) application. Further information on the FAP can be found at www.aamc.org/students/applying/fap.


Testing Security


On Test Day, you will be required to present a qualifying form of ID. Generally, a current driver’s license or United States passport will be sufficient (consult the AAMC website for the full list of qualifying criteria). When registering, take care to spell your first and last names (middle names, suffixes, and prefixes are not required and will not be verified on Test Day) precisely the same as they appear on this ID; failure to provide this ID at the test center or differences in spelling between your registration and ID will be considered a “no-show,” and you will not receive a refund for the exam.


 During Test Day registration, other identity data collected may include: a digital palm vein scan, a Test Day photo, a digitization of your valid ID, and signatures. Some testing centers may use a metal detection wand to ensure that no prohibited items are brought into the testing room. Prohibited items include all electronic devices, including watches and timers, calculators, cell phones, and any and all forms of recording equipment; food, drinks (including water), and cigarettes or other smoking paraphernalia; hats and scarves (except for religious purposes); and books, notes, or other study materials. If you require a medical device, such as an insulin pump or pacemaker, you must apply for accommodated testing. During breaks, you are allowed access to food and drink, but not to electronic devices, including cell phones.


Testing centers are under video surveillance and the AAMC does not take potential violations of testing security lightly. The bottom line: know the rules and don’t break them.




Accommodations


Students with disabilities or medical conditions can apply for accommodated testing. Documentation of the disability or condition is required, and requests may take two months—or more—to be approved. For this reason, it is recommended that you begin the process of applying for accommodated testing as early as possible. More information on applying for accommodated testing can be found at www.aamc.org/students/applying/mcat/accommodations.


After Your Test


When your MCAT is all over, no matter how you feel you did, be good to yourself when you leave the test center. Celebrate! Take a nap. Watch a movie. Get some exercise. Plan a trip or outing. Call up all of your neglected friends or message them on social media. Go out for snacks or drinks with people you like. Whatever you do, make sure that it has absolutely nothing to do with thinking too hard—you deserve some rest and relaxation.


Perhaps most importantly, do not discuss specific details about the test with anyone. For one, it is important to let go of the stress of Test Day, and reliving your exam only inhibits you from being able to do so. But more significantly, the Examinee Agreement you sign at the beginning of your exam specifically prohibits you from discussing or disclosing exam content. The AAMC is known to seek out individuals who violate this agreement and retains the right to prosecute these individuals at their discretion. This means that you should not, under any circumstances, discuss the exam in person or over the phone with other individuals—including us at Kaplan—or post information or questions about exam content to Facebook, Student Doctor Network, or other online social media. You are permitted to comment on your “general exam experience,” including how you felt about the exam overall or an individual section, but this is a fine line. In summary: if you’re not certain whether you can discuss an aspect of the test or not, just don’t do it! Do not let a silly Facebook post stop you from becoming the doctor you deserve to be.


Scores are typically released approximately one month after Test Day. The release is staggered during the afternoon and evening, ending at 5 p.m. Eastern Standard Time. This means that not all examinees receive their scores at exactly the same time. Your score report will include a scaled score for each section between 118 and 132, as well as your total combined score between 472 and 528. These scores are given as confidence intervals. For each section, the confidence interval is approximately the given score ±1; for the total score, it is approximately the given score ±2. You will also be given the corresponding percentile rank for each of these section scores and the total score.


AAMC Contact Information


For further questions, contact the MCAT team at the Association of American Medical Colleges:


MCAT Resource Center
Association of American Medical Colleges
www.aamc.org/mcat
(202) 828-0600
www.aamc.org/contactmcat











How This Book was Created


The Kaplan MCAT Review project began shortly after the release of the Preview Guide for the MCAT 2015 Exam, 2nd edition. Through thorough analysis by our staff psychometricians, we were able to analyze the relative yield of the different topics on the MCAT, and we began constructing tables of contents for the books of the Kaplan MCAT Review series. A dedicated staff of 30 writers, 7 editors, and 32 proofreaders worked over 5,000 combined hours to produce these books. The format of the books was heavily influenced by weekly meetings with Kaplan’s learning science team.


In the years since this book was created, a number of opportunities for expansion and improvement have occurred. The current edition represents the culmination of the wisdom accumulated during that time frame, and it also includes several new features designed to improve the reading and learning experience in these texts.


These books were submitted for publication in April 2024. For any updates after this date, please visit www.kaptest.com/retail-book-corrections-and-updates.


If you have any questions about the content presented here, email KaplanMCATfeedback@kaplan.com. For other questions not related to content, email booksupport@kaplan.com.


Each book has been vetted through at least ten rounds of review. To that end, the information presented in these books is true and accurate to the best of our knowledge. Still, your feedback helps us improve our prep materials. Please notify us of any inaccuracies or errors in the books by sending an email to KaplanMCATfeedback@kaplan.com.











Using This Book


Kaplan MCAT Biology Review, and the other six books in the Kaplan MCAT Review series, bring the Kaplan classroom experience to you—right in your home, at your convenience. This book offers the same Kaplan content review, strategies, and practice that make Kaplan the #1 choice for MCAT prep. 


This book is designed to help you review the biology topics covered on the MCAT. Please understand that content review—no matter how thorough—is not sufficient preparation for the MCAT! The MCAT tests not only your science knowledge but also your critical reading, reasoning, and problem-solving skills. Do not assume that simply memorizing the contents of this book will earn you high scores on Test Day; to maximize your scores, you must also improve your reading and test-taking skills through MCAT-style questions and practice tests.


Learning Objectives


At the beginning of each section, you’ll find a short list of objectives describing the skills covered within that section. Learning objectives for these texts were developed in conjunction with Kaplan’s learning science team, and have been designed specifically to focus your attention on tasks and concepts that are likely to show up on your MCAT. These learning objectives will function as a means to guide your study, and indicate what information and relationships you should be focused on within each section. Before starting each section, read these learning objectives carefully. They will not only allow you to assess your existing familiarity with the content, but also provide a goal-oriented focus for your studying experience of the section.


MCAT Concept Checks


At the end of each section, you’ll find a few open-ended questions that you can use to assess your mastery of the material. These MCAT Concept Checks were introduced after numerous conversations with Kaplan’s learning science team. Research has demonstrated repeatedly that introspection and self-analysis improve mastery, retention, and recall of material. Complete these MCAT Concept Checks to ensure that you’ve got the key points from each section before moving on!


Science Mastery Assessments


At the beginning of each chapter, you’ll find 15 MCAT-style practice questions. These are designed to help you assess your understanding of the chapter before you begin reading the chapter. Using the guidance provided with the assessment, you can determine the best way to review each chapter based on your personal strengths and weaknesses. Most of the questions in the Science Mastery Assessments focus on the first of the Scientific Inquiry and Reasoning Skills (Knowledge of Scientific Concepts and Principles), although there are occasional questions that fall into the second or fourth SIRS (Scientific Reasoning and Problem-Solving and Data-Based and Statistical Reasoning, respectively). In addition, in your online resources you’ll find a test-like passage set covering the same content you just studied to ensure you can also apply your knowledge the way the MCAT will expect you to!






Guided Examples with Expert Thinking


Embedded in each chapter of this book is a Guided Example with Expert Thinking. These examples will be located adjacent to the content that they are related to, and contain an MCAT-like scientific article as a passage. Read through the passage as you would on the real MCAT, referring to the Expert Thinking material on the right to clarify the key information you should be gathering from each passage. Read and attempt to answer the associated question once you have worked through the passage. There is a full explanation, including the correct answer, following the question given. These passages and questions are designed to help build your critical thinking, experimental reasoning, and data interpretation skills as preparation for the challenges you will face on the MCAT.


Sidebars


The following is a guide to the five types of sidebars you’ll find in Kaplan MCAT Biology Review:




	
Bridge: These sidebars create connections between science topics that appear in multiple chapters throughout the Kaplan MCAT Review series.


	
Key Concept: These sidebars draw attention to the most important takeaways in a given topic, and they sometimes offer synopses or overviews of complex information. If you understand nothing else, make sure you grasp the Key Concepts for any given subject.


	
MCAT Expertise: These sidebars point out how information may be tested on the MCAT or offer key strategy points and test-taking tips that you should apply on Test Day.


	
Mnemonic: These sidebars present memory devices to help recall certain facts.


	
Real World: These sidebars illustrate how a concept in the text relates to the practice of medicine or the world at large. While this is not information you need to know for Test Day, many of the topics in Real World sidebars are excellent examples of how a concept may appear in a passage or discrete (stand-alone) question on the MCAT.




What This Book Covers


The information presented in the Kaplan MCAT Review series covers everything listed on the official MCAT content lists. Every topic in these lists is covered in the same level of detail as is common to the undergraduate and postbaccalaureate classes that are considered prerequisites for the MCAT. Note that your premedical classes may include topics not discussed in these books, or they may go into more depth than these books do. Additional exposure to science content is never a bad thing, but all of the content knowledge you are expected to have walking in on Test Day is covered in these books.


 Chapter Profiles, on the first page of each chapter, represent a holistic look at the content within the chapter, and will include a pie chart as well as text information. The pie chart analysis is based directly on data released by the AAMC, and will give a rough estimate of the importance of the chapter in relation to the book as a whole. Further, the text portion of the Chapter Profiles includes which AAMC content categories are covered within the chapter. These are referenced directly from the AAMC MCAT exam content listing, available on the testmaker’s website.




You’ll also see new High-Yield badges scattered throughout the sections of this book:




[image: example of a high yield badge on section three point one and three point three in the chapter breakdown]


These badges represent the top 100 topics most tested by the AAMC. In other words, according to the testmaker and all our experience with their resources, a High-Yield badge means more questions on Test Day.


This book also contains a thorough glossary and index for easy navigation of the text.


In the end, this is your book, so write in the margins, draw diagrams, highlight the key points—do whatever is necessary to help you get that higher score. We look forward to working with you as you achieve your dreams and become the doctor you deserve to be!




Studying with this book


In addition to providing you with the best practice questions and test strategies, Kaplan’s team of learning scientists are dedicated to researching and testing the best methods for getting the most out of your study time. Here are their top four tips for improving retention: 


Review multiple topics in one study session. This may seem counterintuitive—we’re used to practicing one skill at a time in order to improve each skill. But research shows that weaving topics together leads to increased learning. Beyond that consideration, the MCAT often includes more than one topic in a single question. Studying in an integrated manner is the most effective way to prepare for this test. 


Customize the content. Drawing attention to difficult or critical content can ensure you don’t overlook it as you read and re-read sections. The best way to do this is to make it more visual—highlight, make tabs, use stickies, whatever works. We recommend highlighting only the most important or difficult sections of text. Selective highlighting of up to about 10% of text in a given chapter is great for emphasizing parts of the text, but over-highlighting can have the opposite effect. 


Repeat topics over time. Many people try to memorize concepts by repeating them over and over again in succession. Our research shows that retention is improved by spacing out the repeats over time and mixing up the order in which you study content. For example, try reading chapters in a different order the second (or third!) time around. Revisit practice questions that you answered incorrectly in a new sequence. Perhaps information you reviewed more recently will help you better understand those questions and solutions you struggled with in the past. 


Take a moment to reflect. When you finish reading a section for the first time, stop and think about what you just read. Jot down a few thoughts in the margins or in your notes about why the content is important or what topics came to mind when you read it. Associating learning with a memory is a fantastic way to retain information! This also works when answering questions. After answering a question, take a moment to think through each step you took to arrive at a solution. What led you to the answer you chose? Understanding the steps you took will help you make good decisions when answering future questions.


Online Resources


In addition to the resources located within this text, you also have additional online resources awaiting you at www.kaptest.com/booksonline. Make sure to log on and take advantage of free practice and access to other resources!


Please note that access to the online resources is limited to the original owner of this book.











Studying for the MCAT


The first year of medical school is a frenzied experience for most students. To meet the requirements of a rigorous work schedule, students either learn to prioritize their time or else fall hopelessly behind. It’s no surprise, then, that the MCAT, the test specifically designed to predict success in medical school, is a high-speed, time-intensive test. The MCAT demands excellent time-management skills, endurance,  and grace under pressure both during the test as well as while preparing for it. Having a solid plan of attack and sticking with it are key to giving you the confidence and structure you need to succeed.


Creating a Study Plan


The best time to create a study plan is at the beginning of your MCAT preparation. If you don’t already use a calendar, you will want to start. You can purchase a planner, print out a free calendar from the Internet, use a built-in calendar or app on one of your smart devices, or keep track using an interactive online calendar. Pick the option that is most PRACTICAL for you and that you are most likely to use consistently.


Once you have a calendar, you’ll be able to start planning your study schedule with the following steps:




	
Fill in your obligations and choose a day off.

Write in all your school, extracurricular, and work obligations first: class sessions, work shifts, and meetings that you must attend. Then add in your personal obligations: appointments, lunch dates, family and social time, etc. Making an appointment in your calendar for hanging out with friends or going to the movies may seem strange at first, but planning social activities in advance will help you achieve a balance between personal and professional obligations even as life gets busy. Having a happy balance allows you to be more focused and productive when it comes time to study, so stay well-rounded and don’t neglect anything that is important to you.


In addition to scheduling your personal and professional obligations, you should also plan your time off. Taking some time off is just as important as studying. Kaplan recommends taking at least one full day off per week, ideally from all your study obligations but at minimum from studying for the MCAT.





	
Add in study blocks around your obligations.

Once you have established your calendar’s framework, add in study blocks around your obligations, keeping your study schedule as consistent as possible across days and across weeks. Studying at the same time of day as your official test is ideal for promoting recall, but if that’s not possible, then fit in study blocks wherever you can.


To make your studying as efficient as possible, block out short, frequent periods of study time throughout the week. From a learning perspective, studying one hour per day for six days per week is much more valuable than studying for six hours all at once one day per week. Specifically, Kaplan recommends studying for no longer than three hours in one sitting. Within those three-hour blocks, also plan to take ten-minute breaks every hour. Use these breaks to get up from your seat, do some quick stretches, get a snack and drink, and clear your mind. Although ten minutes of break for every 50 minutes of studying may sound like a lot, these breaks will allow you to deal with distractions and rest your brain so that, during the 50-minute study blocks, you can remain fully engaged and completely focused.





	
Add in your full-length practice tests.

Next, you’ll want to add in full-length practice tests. You’ll want to take one test very early in your prep and then spread your remaining full-length practice tests evenly between now and your test date. Staggering tests in this way allows you to form a baseline for comparison and to determine which areas to focus on right away, while also providing realistic feedback throughout your prep as to how you will perform on Test Day.







When planning your calendar, aim to finish your full-length practice tests and the majority of your studying by one week before Test Day, which will allow you to spend that final week completing a final, brief review of what you already know. In your online resources, you’ll find sample study calendars for several different Test Day timelines to use as a starting point. The sample calendars may include more focus than you need in some areas, and less in others, and it may not fit your timeline to Test Day. You will need to customize your study calendar to your needs using the steps above. 


The total amount of time you spend studying each week will depend on your schedule, your personal prep needs, and your time to Test Day, but it is recommended that you spend somewhere in the range of 300-350 hours preparing before taking the official MCAT. One way you could break this down is to study for three hours per day, six days per week, for four months, but this is just one approach. You might study six days per week for more than three hours per day. You might study over a longer period of time if you don’t have much time to study each week. No matter what your plan is, ensure you complete enough practice to feel completely comfortable with the MCAT and its content. A good sign you’re ready for Test Day is when you begin to earn your goal score consistently in practice.


How to Study


The MCAT covers a large amount of material, so studying for Test Day can initially seem daunting. To combat this, we have some tips on how to take control of your studying and make the most of your time.


Goal Setting


To take control of the amount of content and practice required to do well on the MCAT, break the content down into specific goals for each week instead of attempting to approach the test as a whole. A goal of “I want to increase my overall score by 5 points” is too big, abstract, and difficult to measure on the small scale. More reasonable goals are “I will read two chapters each day this week.” Goals like this are much less overwhelming and help break studying into manageable pieces. 


Active Reading


As you go through this book, much of the information will be familiar to you. After all, you have probably seen most of the content before. However, be very careful: Familiarity with a subject does not necessarily translate to knowledge or mastery of that subject. Do not assume that if you recognize a concept that you actually know it and can apply it quickly at an appropriate level. Don’t just passively read this book. Instead, read actively: Use the free margin space to jot down important ideas, draw diagrams, and make charts as you read. Highlighting can be an excellent tool, but use it sparingly: highlighting every sentence isn’t active reading, it’s coloring. Frequently stop and ask yourself questions while you read (e.g., What is the main point? How does this fit into the overall scheme of things? Could I thoroughly explain this to someone else?). By making connections and focusing on the grander scheme, not only will you ensure you know the essential content, but you also prepare yourself for the level of critical thinking required by the MCAT.


Focus on Areas of Greatest Opportunity


If you are limited by only having a minimal amount of time to prepare before Test Day, focus on your biggest areas of opportunity first. Areas of opportunity are topic areas that are highly tested and that you have not yet mastered. You likely won’t have time to take detailed notes for every page of these books; instead, use your results from practice materials to determine which areas are your biggest opportunities and seek those out. After you’ve taken a full-length test, make sure you are using your performance report to best identify areas of opportunity. Skim over content matter for which you are already demonstrating proficiency, pausing to read more thoroughly when something looks unfamiliar or particularly difficult. Begin with the Science Mastery Assessment at the beginning of each chapter. If you can get all of those questions correct within a reasonable amount of time, you may be able to quickly skim through that chapter, but if the questions prove to be more difficult, then you may need to spend time reading the chapter or certain subsections of the chapter more thoroughly.


Practice, Review, and Tracking


Leave time to review your practice questions and full-length tests. You may be tempted, after practicing, to push ahead and cover new material as quickly as possible, but failing to schedule ample time for review will actually throw away your greatest opportunity to improve your performance. The brain rarely remembers anything it sees or does only once. When you carefully review the questions you’ve solved (and the explanations for them), the process of retrieving that information reopens and reinforces the connections you’ve built in your brain. This builds long-term retention and repeatable skill sets—exactly what you need to beat the MCAT!


One useful tool for making the most of your review is the How I’ll Fix It (HIFI) sheet. You can create a HIFI sheet, such as the sample below, to track questions throughout your prep that you miss or have to guess on. For each such question, figure out why you missed it and supply at least one action step for how you can avoid similar mistakes in the future. As you move through your MCAT prep, adjust your study plan based on your available study time and the results of your review. Your strengths and weaknesses are likely to change over the course of your prep. Keep addressing the areas that are most important to your score, shifting your focus as those areas change. For more help with making the most of your full-length tests, including a How I’ll Fix It sheet template, make sure to check out the videos and resources in your online syllabus.






















	Section

	Q #

	Topic or Type

	Why I missed it

	How I’ll fix it










	Chem/Phys

	42

	Nuclear chem.

	Confused electron absorption and emission

	Reread Physics Chapter 9.2






	Chem/Phys

	47

	Keq

	Didn’t know right equation

	Memorize equation for Keq






	CARS

	
2 

	Detail

	Didn’t read “not” in answer choice

	Slow down when finding match






	CARS

	
4 

	Inference

	Forgot to research answer

	Reread passage and predict first









Where to Study


One often-overlooked aspect of studying is the environment where the learning actually occurs. Although studying at home is many students’ first choice, several problems can arise in this environment, chief of which are distractions. Studying can be a mentally draining process, so as time passes, these distractions become ever more tempting as escape routes. Although you may have considerable willpower, there’s no reason to make staying focused harder than it needs to be. Instead of studying at home, head to a library, quiet coffee shop, or another new location whenever possible. This will eliminate many of the usual distractions and also promote efficient studying; instead of studying off and on at home over the course of an entire day, you can stay at the library for three hours of effective studying and enjoy the rest of the day off from the MCAT.


No matter where you study, make your practice as much like Test Day as possible. Just as is required during the official test, don’t have snacks or chew gum during your study blocks. Turn off your music, television, and phone. Practice on the computer with your online resources to simulate the computer-based test environment. When completing practice questions, do your work on scratch paper or noteboard sheets rather than writing directly on any printed materials since you won’t have that option on Test Day. Because memory is tied to all of your senses, the more test-like you can make your studying environment, the easier it will be on Test Day to recall the information you’re putting in so much work to learn.
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SCIENCE MASTERY ASSESSMENT


Every pre-med knows this feeling: there is so much content I have to know for the MCAT! How do I know what to do first or what’s important?


While the high-yield badges throughout this book will help you identify the most important topics, this Science Mastery Assessment is another tool in your MCAT prep arsenal. This quiz (which can also be taken in your online resources) and the guidance below will help ensure that you are spending the appropriate amount of time on this chapter based on your personal strengths and weaknesses. Don’t worry though— skipping something now does not mean you’ll never study it. Later on in your prep, as you complete full-length tests, you’ll uncover specific pieces of content that you need to review and can come back to these chapters as appropriate. 


How to Use This Assessment


If you answer 0–7 questions correctly:


Spend about 1 hour to read this chapter in full and take limited notes throughout. Follow up by reviewing all quiz questions to ensure that you now understand how to solve each one.


If you answer 8–11 questions correctly:


Spend 20–40 minutes reviewing the quiz questions. Beginning with the questions you missed, read and take notes on the corresponding subchapters. For questions you answered correctly, ensure your thinking matches that of the explanation and you understand why each choice was correct or incorrect.


If you answer 12–15 questions correctly:


Spend less than 20 minutes reviewing all questions from the quiz. If you missed any, then include a quick read-through of the corresponding subchapters, or even just the relevant content within a subchapter, as part of your question review. For questions you answered correctly, ensure your thinking matches that of the explanation and review the Concept Summary at the end of the chapter.






	Hyperbaric oxygen may be used as a treatment for certain types of bacterial infections. In this therapy, the patient is placed in a chamber in which the partial pressure of oxygen is significantly increased, increasing the partial pressure of oxygen in the patient’s tissues. This treatment is most likely used for infections with:



	obligate aerobic bacteria.


	facultative anaerobic bacteria.


	aerotolerant anaerobic bacteria.


	obligate anaerobic bacteria.






	
Which of the following does NOT describe connective tissue cells?



	They account for most cells in muscles, bones, and tendons.


	They secrete substances to form the extracellular matrix.


	In organs, they tend to form the stroma.


	In organs, they provide support for epithelial cells.






	Which of the following types of nucleic acid could form the genome of a virus?



	Single-stranded RNA


	Double-stranded DNA


	Single-stranded DNA






	I only


	II only


	I and II only


	I, II, and III






	The theory of spontaneous generation states that living organisms can arise from nonliving material. In 1859, Pasteur demonstrated that no organisms emerged from sterilized growth media, weakening the theory of spontaneous generation and supporting which tenet of cell theory?



	All living things are composed of cells.


	The cell is the basic functional unit of life.


	Cells arise only from preexisting cells.


	Cells carry genetic information in the form of DNA.






	Mitochondrial DNA is:



	circular.


	self-replicating.


	single-stranded.






	I only


	II only


	I and II only


	I, II, and III






	Which of the following is NOT a function of the smooth endoplasmic reticulum?



	Lipid synthesis


	Poison detoxification


	Protein synthesis


	Transport of proteins






	What is the main function of the nucleolus?



	Ribosomal RNA synthesis


	DNA replication


	Cell division


	Chromosome assembly






	Which of the following organelles is surrounded by a single membrane?



	Lysosomes


	Mitochondria


	Nuclei


	Ribosomes






	Which of the following is NOT a difference that would allow one to distinguish a prokaryotic and a eukaryotic cell?



	Ribosomal subunit weight


	Presence of a nucleus


	Presence of a membrane on the outside surface of the cell


	Presence of membrane-bound organelles






	Which of the following does NOT contain tubulin?



	Cilia


	Flagella


	Microfilaments


	Centrioles






	Herpes simplex virus (HSV) enters the human body and remains dormant in the nervous system until it produces an outbreak after exposure to heat, radiation, or other stimuli. Which of the following statements correctly describes HSV?



	While it remains dormant in the nervous system, the virus is in its lytic cycle.


	During an outbreak, the virus is in the lysogenic cycle.


	Herpes simplex virus adds its genetic information to the genetic information of the cell.


	The herpes simplex virus contains a tail sheath and tail fibers.






	Resistance to antibiotics is a well-recognized medical problem. Which mechanisms can account for a bacterium’s ability to increase its genetic variability and thus adapt itself to resist different antibiotics?



	Binary fission


	Conjugation


	Transduction






	I and II only


	I and III only


	II and III only


	I, II, and III






	A bacterial cell is noted to be resistant to penicillin. The bacterium is transferred to a colony that lacks the fertility factor, and the rest of the colony does not become resistant to penicillin. However, the penicillin-resistant cell has also started to exhibit other phenotypic characteristics, including secretion of a novel protein. Which of the following methods of bacterial recombination is NOT likely to account for this change?



	Conjugation


	Transformation


	Transduction


	Infection with a bacteriophage






	In Alzheimer’s disease, a protein called the amyloid precursor protein (APP) is cleaved to form a protein called β-amyloid. This protein has a β-pleated sheet structure and precipitates to form plaques in the brain. This mechanism of disease is most similar to which of the following pathogens?



	Bacteria


	Viruses


	Prions


	Viroids






	After infection of a cell, a viral particle must transport itself to the nucleus in order to produce viral proteins. What is the likely genomic content of the virus?



	Double-stranded DNA


	Double-stranded RNA


	Positive-sense RNA


	Negative-sense RNA












Answer Key




	D


	A


	D


	C


	C


	C


	A


	A


	C


	C


	C


	C


	A


	C


	A














CHAPTER 1


THE CELL


In This Chapter


1.1 Cell Theory


1.2 Eukaryotic Cells [image: image]
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Tissue Formation


1.3 Classification and Structure of Prokaryotic Cells


Prokaryotic Domains


Classification of Bacteria by Shape


Aerobes and Anaerobes


Prokaryotic Cell Structure


1.4 Genetics and Growth of Prokaryotic Cells


Binary Fission


Genetic Recombination


Growth


1.5 Viruses and Subviral Particles [image: image]


Viral Structure


Viral Genomes


Viral Life Cycle


Prions and Viroids


Concept Summary




CHAPTER PROFILE


[image: Pie chart indicating the content in this chapter should be relevant to about nineteen percent of all questions about Biology on the MCAT]


The content in this chapter should be relevant to about 18% of all questions about biology on the MCAT. 


This chapter covers material from the following AAMC content categories: 


1D: Principles of bioenergetics and fuel molecule metabolism


2A: Assemblies of molecules, cells, and groups of cells within single cellular and multicellular organisms


2B: The structure, growth, physiology, and genetics of prokaryotes and viruses





Introduction


The human body contains approximately 37 trillion cells, with  bacterial cells outnumbering the eukaryotic cells  by about 10 to 1. Our cells create tissues that form organs,  and each cell serves a purpose, communicating and carrying out the reactions that make life possible.


The sheer number of cells  that make up the human body  is not nearly as impressive as the numerous functions these cells can perform—from the conduction of impulses through the nervous system that allows for memory and learning, to the simultaneous contraction of cardiac myocytes that  pump blood through the entire human body. In order to understand the human organism as a whole and how the human body reacts to various pathogens, a thorough understanding of cell biology is required. It is not enough to simply memorize each part of the cell; the MCAT requires an understanding of how each cell structure carries out its functions and affects the entire organism.




MCAT EXPERTISE


This chapter represents 18% of all biology questions you would see on Test Day. That makes the cell, specifically eukaryotic cell structure and function, one of the single highest-yield subjects within any of the review books. Make sure to work sufficient study of these materials into your study plan.







1.1 Cell Theory 




LEARNING OBJECTIVES


After Chapter 1.1, you will be able to:




	Recall the four fundamental tenets of cell theory







Prior to the 1600s, organisms were perceived as being complete and inseparable into smaller parts. This was due in part to the inability to see smaller structures through simple optical instruments like  magnifying glasses. In 1665, Robert Hooke assembled a crude compound microscope and tested its properties on a piece of cork. He noticed a honeycomb-like structure and compared the spaces within the cork to the small rooms of a monastery, known as cells. Because cork consists of desiccated nonliving cells, Hooke was not able to see nuclei, organelles, or cell membranes. In 1674, Anton van Leeuwenhoek was the first to view a living cell under a microscope. Later researchers noted that cells could be separated, and that each cell was a distinct structure. Further research indicated that tissues were made of cells, and the function of a tissue was dependent upon the function of the cells  that make up the tissue. Two centuries later, in 1850, Rudolph Virchow demonstrated that diseased cells could arise from normal cells in normal tissues.




BRIDGE


Robert Hooke, who invented the first crude microscopes to look at cork, is also known for his characterization of springs. Hooke’s law, F = –kx, describes the relationship between elastic force, the spring constant, and the displacement of a spring from equilibrium. While Hooke’s law does not appear on the official MCAT content lists, the related topic of elastic potential energy,  U =  1 2    k  x 2    , is testable content. This  equation and other forms of energy are discussed in Chapter 2 of MCAT Physics and Math Review.





The original form of the cell theory consisted of three basic tenets:




	All living things are composed of cells.


	The cell is the basic functional unit of life.


	Cells arise only from preexisting cells.




Through advances  in molecular biology, a fourth tenet has been added to the theory:




	Cells carry genetic information in the form of deoxyribonucleic acid (DNA). This genetic material is passed on from parent to daughter cell.




Cell theory has created an interesting dilemma with respect to viruses. Viruses are small structures that contain genetic material, but are unable to reproduce on their own. This violates the third and fourth tenets of the cell theory because virions can only replicate by invading other organisms and because they may  use ribonucleic acid (RNA) as their genetic information. Therefore, viruses, discussed later in this chapter, are not considered living organisms.




BRIDGE


Solutions to concept checks for a given chapter in MCAT Biology Review can be found near the end of the chapter in which the concept check is located, following the Concept Summary for that chapter.









MCAT CONCEPT CHECK 1.1


Before you move on, assess your understanding of the material with this question.




	What are the four fundamental tenets of the cell theory?



	






	






	






	

















1.2 Eukaryotic Cells [image: image]





LEARNING OBJECTIVES


After Chapter 1.2, you will be able to:




	Explain the importance of hydrogen peroxide to cellular function


	Identify the predominant proteins found in microfilaments, microtubules, and intermediate filaments


	Distinguish between the properties of different cytoskeletal structures


	Classify cell types as epithelial or connective tissue


	Recall the names and functions of cellular organelles:


[image: eukaryotic cell with organelles]











MCAT EXPERTISE


The “High-Yield” badge on this section indicates that the content is frequently tested on the MCAT.





The first major distinction we can make between living organisms is whether they are composed of prokaryotic or eukaryotic cells.  Prokaryotic organisms are always single celled, while eukaryotic organisms can be unicellular or multicellular. Whereas eukaryotic cells contain a true nucleus enclosed in a membrane, prokaryotic cells do not contain a nucleus. The major organelles are identified in the eukaryotic cell in Figure 1.1.




[image: cell with organelles described in this chapter labeled]



Figure 1.1. Eukaryotic Cell
Numerous membrane-bound organelles are found in the cytoplasm of a eukaryotic cell.





Membrane-Bound Organelles


Each cell has a  membrane enclosing a semifluid cytosol in which the organelles are suspended. In eukaryotic cells, most organelles are membrane bound, allowing for compartmentalization of functions. Membranes of eukaryotic cells consist of a phospholipid bilayer. This membrane is unique in that its surfaces are hydrophilic, electrostatically interacting with the aqueous environments inside and outside of the cell, while its inner portion is hydrophobic, which helps to provide a highly selective barrier between the interior of the cell and the external environment. The cell membrane is such an important topic on the MCAT that an entire chapter—Chapter 8 of MCAT Biochemistry Review—is devoted solely to discussing the structure and physiology of biological membranes. The cytosol allows for the diffusion of molecules throughout the cell. Within the nucleus, genetic material is encoded in deoxyribonucleic acid (DNA), which is organized into chromosomes. Eukaryotic cells reproduce by mitosis, allowing for the formation of two identical daughter cells.


The Nucleus


As the control center of the cell, the nucleus is the most heavily tested organelle on the MCAT. It contains all of the genetic material necessary for replication of the cell. The nucleus is surrounded by the nuclear membrane or envelope, a double membrane that maintains a nuclear environment separate and distinct from the cytoplasm. Nuclear pores in the nuclear membrane allow  selective two-way exchange of material between the cytoplasm and the nucleus.




BRIDGE


The nuclear envelope creates two distinct environments within the cell because it separates the nucleus from the cytoplasm. This  permits compartmentalization of transcription (the formation of hnRNA from DNA, which is subsequently processed to form mRNA) and translation (the formation of a peptide from mRNA). These processes are discussed in Chapter 7 of MCAT Biochemistry Review.





The genetic material (DNA) contains coding regions called genes. Linear DNA is wound around organizing proteins known as histones, and is then further wound into linear strands called chromosomes. The location of DNA in the nucleus  permits the compartmentalization of DNA transcription separate from RNA translation. Finally, there is a subsection of the nucleus known as the nucleolus, where the ribosomal RNA (rRNA)  is synthesized. The nucleolus actually takes up approximately 25 percent of the volume of the entire nucleus and can often be identified as a darker spot in the nucleus.


Mitochondria


Mitochondria, shown in Figure 1.2, are often called the power plants of the cell, in reference to their important metabolic functions. The mitochondrion contains two layers: the outer and inner membranes. The outer membrane serves as a barrier between the cytosol and the inner environment of the mitochondrion. The inner membrane, which  is arranged into numerous infoldings called cristae, contains the molecules and enzymes  of the electron transport chain. The cristae are highly convoluted structures that increase the surface area available for electron transport chain enzymes. The space between the inner and outer membranes is called the intermembrane space; the space inside the inner membrane is called the mitochondrial matrix. As described in Chapter 10 of MCAT Biochemistry Review, the pumping of protons from the mitochondrial matrix to the intermembrane space establishes the proton-motive force; ultimately, these protons flow through ATP synthase to generate ATP during oxidative phosphorylation.
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Figure 1.2. Mitochondrial Structure









REAL WORLD


The serial endosymbiosis theory attempts to explain the formation of some of the membrane-bound organelles; it posits that these organelles formed by the engulfing of one prokaryote by another and the establishment of a symbiotic relationship. In addition to mitochondria, chloroplasts in plant cells and organelles of motility (such as flagella) are believed to have  originated from this process.





Mitochondria are different from other parts of the cell in that they are semi-autonomous. They contain some of their own genes and replicate independently of the nucleus via binary fission. As such, they are paradigmatic examples of cytoplasmic or extranuclear inheritance—the transmission of genetic material  independent of the nucleus. Mitochondria are thought to  have originated when the engulfing of an aerobic prokaryote by an anaerobic prokaryote resulted in a symbiotic relationship.


In addition to keeping the cell alive by providing energy, the mitochondria are also capable of killing the cell by release of enzymes from the electron transport chain. This release kick-starts a process known as apoptosis, or programmed cell death.


Lysosomes


Lysosomes are membrane-bound structures containing hydrolytic enzymes that are capable of breaking down many different substrates, including substances ingested by endocytosis and cellular waste products. Lysosomes often function in conjunction with endosomes, which transport, package and sort cell material traveling to and from the membrane. Endosomes are capable of transporting materials to the trans-golgi, to the cell membrane, or to the lysosomal pathway for degradation. The lysosomal membrane sequesters these enzymes to prevent damage to the cell. However, release of these enzymes can occur in a process known as autolysis. Like mitochondria, when lysosomes release their hydrolytic enzymes, it results in apoptosis. In this case, the released enzymes directly lead to the degradation of cellular components.


Endoplasmic Reticulum


The endoplasmic reticulum (ER) is a series of interconnected membranes that are actually contiguous with the nuclear envelope. The double membrane of the endoplasmic reticulum is folded into numerous invaginations, creating complex structures with a central lumen. There are two varieties of ER: smooth and rough. The rough ER (RER) is studded with ribosomes, which permit the translation of proteins destined for secretion directly into its lumen. On the other hand, the smooth ER (SER) lacks ribosomes and is utilized primarily for lipid synthesis (such as the phospholipids in the cell membrane) and the detoxification of certain drugs and poisons. The SER also transports proteins from the RER to the Golgi apparatus.




KEY CONCEPT


Not all cells have the same relative distribution of organelles. Form will follow function. Cells that require a lot of energy for locomotion (such as sperm cells) have high concentrations of mitochondria. Cells involved in secretion (such as pancreatic islet cells and other endocrine tissues) have high concentrations of RER and Golgi  apparatuses. Other cells, such as red blood cells, which primarily serve a transport function, have no organelles at all.





Golgi Apparatus


The Golgi apparatus consists of stacked membrane-bound sacs. Materials from the ER are transferred to the Golgi apparatus in vesicles. Once  inside the Golgi apparatus, these cellular products may be modified by the addition of   groups like carbohydrates, phosphates, and sulfates. The Golgi apparatus may also modify cellular products through the introduction of signal sequences, which direct the delivery of the product to a specific cellular location. After modification and sorting in the Golgi apparatus, cellular products are repackaged in   vesicles, which are then directed to the correct cellular location. If the product is destined for secretion,  the secretory vesicle merges with the cell membrane and its contents are released via exocytosis.  The relationships between lysosomes, the ER, and the Golgi apparatus are shown in Figure 1.3.
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Figure 1.3. Lysosomes, the Endoplasmic Reticulum, and the Golgi Apparatus





Peroxisomes


Peroxisomes contain hydrogen peroxide. One of the primary functions of peroxisomes is the breakdown of very long chain fatty acids via β-oxidation. Peroxisomes participate in the synthesis of phospholipids and contain some of the enzymes involved in the pentose phosphate pathway, discussed in Chapter 9 of MCAT Biochemistry Review.


The Cytoskeleton


The cytoskeleton, shown in Figure 1.4, provides structure to the cell and helps it to maintain its shape. In addition, the cytoskeleton provides a conduit for the transport of materials around the cell. There are three components of the cytoskeleton: microfilaments, microtubules, and intermediate filaments.
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Figure 1.4. Cytoskeletal Elements
The rounded shape near the center in each of these photographs is the nucleus.





Microfilaments


Microfilaments are made up of solid polymerized rods of actin. The actin filaments are organized into bundles and networks and are resistant to both compression and fracture, providing protection for the cell. Actin filaments can also use ATP to generate force for movement by interacting with myosin, such as in muscle contraction.


Microfilaments also play a role in cytokinesis, or the division of materials between daughter cells. During mitosis, the cleavage furrow is formed from microfilaments, which organize as a ring at the site of division between the two new daughter cells. As the actin filaments within this ring contract, the ring becomes smaller, eventually pinching off the connection between the two daughter cells.


Microtubules


Unlike microfilaments, microtubules are hollow polymers of tubulin proteins. Microtubules radiate throughout the cell, providing the primary pathways along which motor proteins like kinesin and dynein carry vesicles.




BRIDGE


Motor proteins like kinesin and dynein are classic examples of nonenzymatic protein function, along with binding proteins, cell adhesion molecules, immunoglobulins, and ion channels. Motor proteins often travel along cytoskeletal structures to accomplish their functions. Nonenzymatic protein functions are discussed in Chapter 3 of MCAT Biochemistry Review.





Cilia and flagella are motile structures composed of microtubules. Cilia are projections from a cell that are primarily involved in the movement of materials along the surface of the cell; for example, cilia line the respiratory tract and are involved in the movement of mucus. Flagella are structures involved in the movement of the cell itself, such as the movement of sperm cells through the reproductive tract. Cilia and flagella share the same structure, composed of nine pairs of microtubules forming an outer ring, with two microtubules in the center, as shown in Figure 1.5. This is known as a 9 + 2 structure and is seen only in eukaryotic organelles of motility. Bacterial flagella have a different structure with a different chemical composition, as discussed later in this chapter.
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Figure 1.5. Cilium and Flagellum Structure
Microtubules are organized into a ring of 9 doublets with 2 central microtubules.





Centrioles are found in a region of the cell called the centrosome. They are the organizing centers for microtubules and are structured as nine triplets of microtubules with a hollow center. During mitosis, the centrioles migrate to opposite poles of the dividing cell and organize the mitotic spindle. The microtubules emanating from the centrioles attach to the chromosomes via complexes called kinetochores and  exert force on the sister chromatids, pulling them apart.


Intermediate Filaments


Intermediate filaments are a diverse group of filamentous proteins, which includes keratin, desmin, vimentin, and lamins. Many intermediate filaments are involved in cell–cell adhesion or maintenance of the overall integrity of the cytoskeleton. Intermediate filaments are able to withstand a tremendous amount of tension,  increasing the structural rigidity of the cell. In addition, intermediate filaments help anchor other organelles, including the nucleus. The identity of the intermediate filament proteins within a cell is specific to the cell and tissue type.




Tissue Formation


One of the unique characteristics of eukaryotic cells is the formation of tissues with division of labor, as different cells in a tissue may carry out different functions. For example, in the heart, some cells participate in the conduction pathways while others cause contraction; still others serve a supportive role  like maintaining structural integrity of the organ. There are four tissue types: epithelial tissue, connective tissue, muscle tissue, and nervous tissue. While muscle and nervous tissue are considered more extensively in subsequent chapters, we explore epithelial and connective tissues below.


Epithelial Tissue


Epithelial tissues cover the body and line its cavities, providing a means for protection against pathogen invasion and desiccation. In certain organs, epithelial cells are involved in absorption, secretion, and sensation. To remain as one cohesive unit, epithelial cells are tightly joined to each other and to an underlying layer of connective tissue known as the basement membrane. Epithelial cells are highly diverse and serve numerous functions depending on the identity of the organ in which they are found; in most organs, epithelial cells constitute the parenchyma, or the functional parts of the organ.  For example, nephrons in the kidney are composed of epithelial cells, and hepatocytes in the liver, and acid-producing cells of the stomach are epithelial cells.


Epithelial cells are often polarized, meaning that one side faces a lumen (the hollow inside of an organ or tube) or the outside world, while the other side interacts with underlying blood vessels and structural cells. For example, in the small intestine, one side of the cell will be involved in absorption of nutrients from the lumen, while the other side will be involved in releasing those nutrients into circulation for use in the rest of the body.


We can classify different epithelia according to the number of layers they have and the shape of their cells. Simple epithelia have one layer of cells; stratified epithelia have multiple layers; and pseudostratified epithelia appear to have multiple layers due to differences in cell height  but are, in reality, only one layer. Turning to shape, cells may be classified as cuboidal, columnar, or squamous. As their names imply, cuboidal cells are cube-shaped and columnar cells are long and thin. Squamous cells are flat and scale-like.


Connective Tissue


Connective tissue supports the body and provides a framework for the epithelial cells to carry out their functions. Whereas epithelial cells contribute to the parenchyma of an organ, connective tissues are the main contributors to the stroma or support structure. Bone, cartilage, tendons, ligaments, adipose tissue, and blood are all examples of connective tissues. Most cells in connective tissues produce and secrete materials such as collagen and elastin to form the extracellular matrix.






MCAT CONCEPT CHECK 1.2


Before you move on, assess your understanding of the material with these questions.




	Briefly describe the functions of each of the organelles listed below:



	Nucleus:





	Mitochondrion:





	Lysosome:





	Rough endoplasmic reticulum:





	Smooth endoplasmic reticulum:





	Golgi apparatus:





	Peroxisome:










	A child is diagnosed with an enzyme deficiency that prevents the production of hydrogen peroxide. What would the likely outcome be of such a deficiency?






	What are the predominant proteins in each cytoskeletal element?



	Microfilaments:





	Microtubules:





	Intermediate filaments:











	How do the cytoskeletal structures of centrioles and flagella differ?






	
Classify each of the following cells as epithelial cells or connective tissue:



	Fibroblasts, which produce collagen in a number of organs:





	Endothelial cells, which line blood vessels:





	
α-cells, which produce glucagon in the pancreas:





	Osteoblasts, which produce osteoid, the material that hardens into bone:





	Chondroblasts, which produce cartilage:












1.3 Classification and Structure of Prokaryotic Cells




LEARNING OBJECTIVES


After Chapter 1.3, you will be able to:




	Compare and contrast archaea, bacteria, and eukaryotes


	Identify the three common bacterial shapes


	Explain the differences between gram-positive and gram-negative bacteria


	Detail the structural differences between eukaryotic and prokaryotic flagella


	Differentiate between the metabolic processes of aerobic and anaerobic bacteria







Prokaryotes are the simplest of all organisms and include all bacteria. Prokaryotes do not contain any membrane-bound organelles, and their genetic material is organized into a single circular molecule of DNA concentrated in an area of the cell called the nucleoid region. Despite the simplicity of prokaryotes, they are incredibly diverse, and knowledge of this diversity is essential for the study of medicine because many prokaryotes can cause infection. In fact, choosing the appropriate antibiotic to fight an infection requires knowledge about the basic structure of the bacteria causing the infection.




Prokaryotic Domains


There are three overarching domains into which all life is classified: Archaea, Bacteria, and Eukarya. Two of these—Archaea and Bacteria—contain prokaryotes. Initially, Archaea and Bacteria were classified together into the kingdom of Monera. However, modern genetics and biochemical techniques have indicated that the differences in the evolutionary pathways between Archaea and Bacteria are at least as significant as between either of these domains and Eukarya.


Archaea


Archaea are single-celled organisms that are visually similar to bacteria, but contain genes and several metabolic pathways that are more similar to eukaryotes than to bacteria. Historically, Archaea were considered extremophiles, in that they were most commonly isolated from harsh environments with extremely high temperatures, high salinity, or no light. More recent research has demonstrated a greater variety of habitats for these organisms, including the human body. Archaea are notable for their ability to use alternative sources of energy. While some are photosynthetic, many are chemosynthetic and  can generate energy from inorganic compounds, including sulfur- and nitrogen-based compounds  such as ammonia.


Due to the similarities of this domain to eukaryotes, it is hypothesized that eukaryotes and the  Archaea share a common origin. Both eukaryotes and Archaea start translation with methionine, contain similar RNA polymerases, and associate their DNA with histones. However, Archaea contain a single circular chromosome, divide by binary fission or budding, and  share a similar overall structure to bacteria. Interestingly, Archaea are resistant to many antibiotics.


Bacteria


All bacteria contain a cell membrane and cytoplasm, and some have flagella or fimbriae (similar to cilia), as shown in Figure 1.6. Because bacteria and eukaryotes often share analogous structures, it can be difficult to develop medicines that target only bacteria. However, in some cases, even seemingly similar structures have enough biochemical differences to allow the  exclusive targeting of one kind of organism. For example, bacterial flagella and eukaryotic flagella are  different enough that scientists are able to develop antibacterial vaccines that specifically target the bacterial flagellum. Also, many antibiotics target the bacterial ribosome, which is significantly smaller than the eukaryotic ribosome.
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Figure 1.6. Prokaryotic Cell Specializations: Flagella and Fimbriae







REAL WORLD


Bacteria perform essential functions for human beings, including the production of vitamin K in the intestine. Vitamin K is required for production of the plasma proteins necessary for blood clotting. Newborn infants are not yet colonized by bacteria and cannot produce clotting factors, putting them at risk for hemorrhage. When babies are born, they are given an injection of vitamin K to aid in the production of clotting factors until they have been colonized with bacteria.





There are approximately 5 × 1030 bacteria on Earth, outnumbering all of the plants and animals combined. As mentioned in the introduction to this chapter, bacteria outnumber human cells in the body by 10:1. The relationship between the human body and bacteria is complex. Some bacteria are mutualistic symbiotes, meaning that both humans and the bacteria benefit from the relationship. Examples include the bacteria in the human gut that produce vitamin K and biotin (vitamin B7), and which also prevent the overgrowth of harmful bacteria. Other bacteria are pathogens or parasites, meaning that they provide no advantage or benefit to the host, but rather cause disease. Pathogenic bacteria may live intracellularly or extracellularly. For example, Chlamydia trachomatis, a common sexually transmitted infection, lives inside cells of the reproductive tract; Clostridium tetani, the cause of tetanus, lives outside of cells and produces toxins that enter the bloodstream.




Classification of Bacteria by Shape


Classification of bacteria by shape provides scientists and pathologists (physicians who specialize in the identification and characterization of disease) a common language to talk about bacteria, as well as a way to identify different species of bacteria.


Most bacteria exist in one of three shapes, as shown in Figure 1.7. Spherical bacteria, known as cocci, include common pathogens such as Streptococcus pyogenes.
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Figure 1.7. Prokaryotic Cell Shapes
(a) Cocci (Staphylococcus aureus), (b) Bacilli (Mycobacterium tuberculosis), (c) Spirilli (Leptospira interrogans)





Rod-shaped bacteria, like Escherichia coli, are known as bacilli. Finally, spiral-shaped bacteria, known as spirilli, include such species as Treponema pallidum, which causes syphilis.




REAL WORLD


Very few pathogenic bacteria are spiral shaped. The three most common are:




	
Treponema pallidum, the cause of syphilis


	
Borrelia burgdorferi, the cause of Lyme disease


	
Leptospira interrogans, the cause of Weil’s disease







Aerobes and Anaerobes


Some bacteria require oxygen for survival, while others do not. Bacteria that require oxygen for metabolism are termed obligate aerobes. Other bacteria that use fermentation, or some other form of cellular metabolism that does not require oxygen, are called anaerobes. There are different types of anaerobes. Anaerobes that cannot survive in an oxygen-containing environment are called obligate anaerobes; the presence of oxygen leads to the production of reactive oxygen-containing radicals in these species, which leads to cell death. Other bacteria can toggle between metabolic processes, using oxygen for aerobic metabolism if it is present, and switching to anaerobic metabolism if it is not. These bacteria are called facultative anaerobes. Finally, aerotolerant anaerobes are unable to use oxygen for metabolism, but are not harmed by its presence in the environment.


Prokaryotic Cell Structure


One of the main differences between prokaryotes and eukaryotes is that prokaryotes lack a nucleus and membrane-bound organelles, as shown in Figure 1.8. Prokaryotes are also single-celled organisms, meaning that each cell must be able to perform all of the functions necessary for life on its own. However, prokaryotes may live in colonies with other cells and may signal these cells to share information about the environment.
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Figure 1.8. Prokaryotic Cell Structure





Cell Wall


Because prokaryotes do not form multicellular organisms, each bacterium is responsible for protecting itself from the environment. The cell wall forms the outer barrier of the cell. The next layer is the cell membrane (plasma membrane), which is composed of phospholipids, similar to that of a eukaryote. Together, the cell wall and the cell membrane are known as the envelope.


The cell wall both provides structure and controls the movement of solutes into and out of the bacterium. This allows the cell to maintain  a concentration gradient relative to the environment. In bacteria, there are two main types of cell wall: gram positive and gram negative. The type of cell wall is determined by the Gram staining  process: a crystal violet stain, followed by a counterstain with a substance called safranin. If the envelope absorbs the crystal violet stain, it will appear deep purple, and the cell is said to be gram positive. If the envelope does not absorb the crystal violet stain, but absorbs the safranin counterstain, then the cell will appear pink-red, and it is said to be gram negative.




KEY CONCEPT


Bacteria contain a cell wall, the composition of which is different in gram-positive and gram-negative bacteria.  Specific components of the cell wall can trigger an inflammatory response.





Gram-positive cell walls consist of a thick layer of peptidoglycan, a polymeric substance made from amino acids and sugars. In addition to its structural and barrier functions, the cell wall may also aid a bacterial pathogen by providing protection from a host organism’s immune system. In addition to peptidoglycan, the gram-positive cell wall also contains lipoteichoic acid.  It is not clear what role this acid serves for the bacterium, but the human immune system may be activated by exposure to these chemicals.




REAL WORLD


The antibiotic penicillin targets the enzyme that catalyzes the cross-linking of peptidoglycan. If a gram-positive cell cannot cross-link its cell wall, it no longer serves as an effective barrier. The bacterium then becomes susceptible to osmotic damage and lyses. Most bacteria have developed resistance mechanisms to penicillin, although a few bacteria—including Streptococcus pyogenes, which causes strep throat and some skin infections, and Treponema pallidum, which causes syphilis—are still very sensitive to this antibiotic.





Gram-negative cell walls are very thin and also contain peptidoglycan, but in much smaller amounts. The peptidoglycan cell walls of these bacteria  are adjacent to the cell membrane, and are separated from the membrane by the periplasmic space. In addition to the cell wall and cell membrane, gram-negative bacteria also have outer membranes containing phospholipids and lipopolysaccharides. Interestingly, lipopolysaccharides are the part of  gram-negative bacteria that triggers an immune response in human beings; the inflammatory response to lipopolysaccharides is much stronger than the response to lipoteichoic acid.


Flagella


Flagella are long, whip-like structures that can be used for propulsion; bacteria may have one, two, or many flagella, depending on the species. Flagella can be used to move toward food or away from toxins or immune cells. This ability of a cell to detect chemical stimuli and move toward or away from them is called chemotaxis. The flagella are composed of a filament, a basal body, and a hook, as shown in Figure 1.9. The filament is a hollow, helical structure composed of flagellin. The basal body is a complex structure that anchors the flagellum to the cytoplasmic membrane and is also the motor of the flagellum,  which rotates at rates up to 300 Hz. The hook connects the filament and the basal body so that, as the basal body rotates, it exerts torque on the filament, which  thereby  spins and  propels the bacterium forward. The overall structure of flagella is similar in both gram-positive and gram-negative bacteria, but there are slight differences due to the different physical structure and chemical composition of the envelope in gram-positive and gram-negative bacteria. Archaea also contain flagella,  but the structure of their flagella is quite different from that of bacteria and is unlikely to be asked about on Test Day.
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Figure 1.9. Prokaryotic Flagellum Structure
The hook connects the filament to the basal body (the complex structure of which is shown).





Other Organelles


As mentioned earlier, prokaryotes concentrate DNA in a region of the cell known as the nucleoid region,  which does not contain a nuclear envelope. Prokaryotic DNA is carried on a single circular chromosome which can be found coiled around histone-like proteins in some bacteria. True histones are found in Archaea. In addition, DNA acquired from external sources may also be carried on smaller circular structures known as plasmids. Plasmids carry DNA that is not necessary for survival of the prokaryote—and therefore is not considered part of the genome of the bacterium—but may confer an advantage such as antibiotic resistance.




BRIDGE


The fact that prokaryotes and eukaryotes have different-sized ribosomes   implies that they carry out protein synthesis in slightly different ways. These differences are highlighted in Chapter 7 of MCAT Biochemistry Review. This difference also allows us to target bacterial ribosomes with a number of antibiotics, including tetracyclines, aminoglycosides, and macrolides, while leaving the eukaryotic ribosome more or less unaffected.





Prokaryotes lack several key organelles, such as mitochondria. Instead, the cell membrane is used for the electron transport chain and generation of ATP. Prokaryotes do contain a primitive cytoskeleton, but it is not nearly as complex as the one found in eukaryotes. Prokaryotes also contain ribosomes, but this ribosome is a different size from that found in eukaryotes: prokaryotic ribosomes contain 30S and 50S subunits, whereas eukaryotic ribosomes contain 40S and 60S subunits.






MCAT CONCEPT CHECK 1.3


Before you move on, assess your understanding of the material with these questions.




	
In what ways are Archaea similar to bacteria? In what ways are Archaea similar to eukaryotes?




	Similar to bacteria:





	Similar to eukaryotes:







	
What are the three common shapes of bacteria?




	






	






	











	

Compare and contrast the metabolisms of aerobic and anaerobic bacteria: (Note: Put “yes” or “no” in each box.)






















	 

	Oxygen Present

	Oxygen Absent






	Type of Bacteria

	Can survive

	Can carry out aerobic metabolism

	Can survive

	Can carry out anaerobic metabolism






	Obligate aerobe

	 

	 

	 

	 






	Facultative anaerobe

	 

	 

	 

	 






	Obligate anaerobe

	 

	 

	 

	 






	Aerotolerant anaerobe

	 

	 

	 

	 












	What difference between the envelopes of gram-positive and gram-negative bacteria make gram-positive bacteria more susceptible to antibiotics such as penicillin?





	How do the structures of eukaryotic and prokaryotic flagella differ?



	Eukaryotic:





	Prokaryotic:




















BIOLOGY GUIDED EXAMPLE WITH EXPERT THINKING
















	To investigate the collective resistance property of bacteria, co-colonization experiments were conducted. Eight-week-old female CD1 mice were infected intratracheally with chloramphenicol sensitive (CmS) pneumococci or an equivalent quantity of CmS:chloramphenicol resistant (CmR) pneumococci (1:1).

	
  Goal: investigate collective resistance of bacteria by comparing infection with one bacteria to a mixture of two bacteria




  



	One hour post-infection, mice were treated with one intraperitoneal injection of chloramphenicol at a concentration of 75 mg kg−1, followed by two additional doses spaced 5 hours apart. Control mice received vehicle injection only. CmR pneumococci are Cm resistant due to the expression of a resistance factor, chloramphenicol acetyltransferase (CAT).

	
  Experimental setup: Infect mice, then give intraperitoneal (IP) injections of chloramphenicol or vehicle only (vehicle is just the solvent without any antibiotic, probably saline)







	Stable bacterial coexistence requires successful adjustment to several ecological constraints, such as limited resources and antibiotic concentration. 

	
  Based on the experimental setup and this statement, collective resistance must be about the coexistence of bacterial types when only one is resistant to an antibiotic







	To better quantify bacterial behavior under these conditions, in vitro population analysis was conducted.

	
 Population analysis done to quantify collective resistance







	[image: image]

Figure 1 Mixed Culture Experiment. (a) Antibiotic stress on CmS alone and CmS + CmR co-colonization condition. (b) Co-colonization colonies analysis of CmS to CmR ratio.



	


In figures always identify the variables and trends.


IVs: control or Cm administration, CmS or CmS/CmR bacteria


DVs: viable cells, percent CmR colonies


Trends: CmS bacteria have significantly fewer viable cells when treated with Cm. The percent of CmR colonies is significantly lower when CmS/CmR is treated with Cm.









	
[image: image]Figure 2 (a) Bacterial growth trajectories subject to antibiotic stress and resource competition. (b) Axes indicate co-colonization experiment parameters (efficiency refers to the growth rate efficiency of CmR cells). The dot indicates Figure 1 experiment antibiotic levels, with previous analysis establishing CmS only (area S), CmR only (area R), no bacterial growth (area N), and competition-induced extinction (area E, where CmS bacteria first outcompete CmR bacteria and are subsequently cleared by antibiotic).




	


IVs: time, antibiotic stress


DVs: cell density, efficiency


Trends: highest cell density of CmR is at  200 min, CmS density levels off at  300 min. Based on the caption, the inner figure compares efficiency under several different conditions.












Adapted from Sorg, R. A., Lin, L., Van Doorn, G. S., Sorg, M., Olson, J., Nizet, V., & Veening, J. W. (2016). Collective resistance in microbial communities By intracellular antibiotic deactivation. PLoS Biology, 14(12), e2000631.


 Consider the following: For successful co-colonization with CmS, the growth efficiency of CmR must remain as a constant value in the presence or absence of antibiotic stress. Is this conclusion valid?


This question asks us to analyze a conclusion’s validity. First, we must find where the key term is located in the passage. In this case, we are asked about growth efficiency, which can be found in the figure description of Figure 2b. According to the description, growth efficiency is a reference to the growth rate of CmR, and is depicted as the x-axis of the graph. The conclusion given in the question stem states that the growth efficiency is unchanged by the presence of antibiotics. To determine if this conclusion is valid, we first need to decipher what the graph represents.


The figure description can be a rich source of crucial information. According to that same Figure 2b description, each area on the graph depicts a different outcome of CmS and CmR co-colonization. To ensure we’re drawing valid conclusions, we should examine the graph one axis at a time. To analyze a graph, hold one variable constant first. Assume no antibiotics are present, meaning that the antibiotic stress is zero, looking at the x-axis along the zero line, as the growth efficiency of CmR decreases, the CmS strain starts to outcompete it. In fact, unless the growth efficiency of CmR is at its highest, the susceptible strain (CmS) will always outcompete CmR. Now let’s hold the same variable at a different level. Let us assume the antibiotic stress is high, so we’ll look to the right side of the x-axis. Under those conditions, there’s no growth of the susceptible strain at all. That makes sense, as the susceptible strain wouldn’t be expected to survive the antibiotics. We can also see that, for this x-axis value, there's an area, E, where at slightly lower CmR growth efficiency, the susceptible strain outcompetes CmR, removing all protection, and then succumbs to the antibiotic. In fact, unless the growth efficiency of CmR is high, no bacteria will successfully grow. From these two observations, we can observe that the growth efficiency of the CmR strain has a large influence on how the co-colonized strain will grow.


The shaded area of Figure 2b is not explained in the figure description, but we can deduce its meaning through context. All the other possibilities already have a designated area on the graph based on the figure label except for successful co-colonization. Also, the shaded area is between the area of CmS only and CmR only areas. From the figure description, we also learned that the large dot indicates the experiment conducted in Figure 1’s conditions, and Figure 1’s experiment demonstrates successful co-colonization. Thus, we can conclude that the shaded area is the region of successful co-colonization of the two strains.


The conclusion presented in the question stem claims that growth efficiency of CmR does not change with or without the antibiotic presence. To assess this, we simply need to compare those two conditions. With no antibiotics, we can see that successful co-colonization only occurs when the growth efficiency of the CmR is at 1. If the growth efficiency is not that high, then the CmS strain will outcompete it. When we raise the antibiotic level to that of the red dot, we can see that if the growth efficiency remains at 1, the CmR bacteria will outcompete the CmS bacteria. In order for the two strains to coexist under antibiotic stress, the resistance strain’s growth efficiency has to be lower than 1. Thus, we can reasonably argue that the conclusion is not valid.







1.4 Genetics and Growth of Prokaryotic Cells 




LEARNING OBJECTIVES


After Chapter 1.4, you will be able to:




	Describe bacterial genetic recombination via transformation, conjugation, or transduction


	Recall the four phases of a bacterial growth curve and the major features of each phase:




[image: graph of bacterial growth curve]












As we have  seen, prokaryotic cells differ from eukaryotic cells both structurally and biochemically. Prokaryotes reproduce via asexual reproduction in the form of binary fission. In addition, prokaryotes are capable of acquiring and using genetic material from outside the cell.


Binary Fission


Binary fission, shown in Figure 1.10, is a simple form of asexual reproduction seen in prokaryotes. The circular chromosome attaches to the cell wall and replicates while the cell continues to grow in size. Eventually, the plasma membrane and cell wall begin to grow inward along the midline of the cell to produce two identical daughter cells. Because binary fission requires fewer events than mitosis, it can proceed more rapidly. In fact, some strains of E. coli can replicate every 20 minutes under ideal growth conditions.




[image: bacterium replicates circular chromosome, chromosomes separate, cell membrane invaginates forming daughter cells]



Figure 1.10. Stages of Binary Fission





Genetic Recombination


This single circular chromosome of a prokaryotic cell contains the information that is necessary for the cell to survive and reproduce. However, many bacteria also contain extrachromosomal (extragenomic) material known as plasmids. Plasmids often carry genes that impart some benefit to the bacterium, such as antibiotic resistance, some mechanisms of which are shown in Figure 1.11. Plasmids may also carry additional virulence factors, or traits that  increase pathogenicity, such as toxin production, projections that allow  attachment to certain kinds of cells, or  features that allow evasion of the host’s immune system. A subset of plasmids called episomes are capable of integrating into the genome of the bacterium.




[image: plasmid with genes for degradation or altering of antibiotic and antibiotic efflux pump]



Figure 1.11. Mechanisms of Antibiotic Resistance





Bacterial genetic recombination helps increase bacterial diversity and thus permits evolution of a bacterial species over time. These recombination processes include transformation, conjugation, and transduction.


Transformation


Transformation results from the integration of foreign genetic material into the host genome. This foreign genetic material most frequently comes from other bacteria that, upon lysing, spill their contents  into the vicinity of a bacterium capable of transformation. Many gram-negative rods are able to carry out this process.


Conjugation


Conjugation is the bacterial form of mating (sexual reproduction). It involves two cells forming a conjugation bridge between them that  facilitates the transfer of genetic material. The transfer is unidirectional, from the donor male (+) to the recipient female (–). The bridge is made from appendages called sex pili that are found on the donor male. To form the pilus, bacteria must contain plasmids known as sex factors that contain the necessary genes. The best-studied sex factor is the F (fertility) factor in E. coli. Bacteria possessing this plasmid are termed F+ cells; those without are called F– cells. During conjugation  the F+ cell replicates its F factor and donates the copy to the  F– cell, converting it to an F+ cell. This enables the cell obtaining the new plasmid to then transfer copies to other cells. This method of genetic recombination allows for rapid acquisition of antibiotic resistance or virulence factors throughout a colony because other plasmids can also be passed through the conjugation bridge. The process of conjugation is illustrated in Figure 1.12.


[image: F+ cell attaches to F- cell via sex pilus, replicates F plasmid and passes to F- cell, making F- cell a new donor]



Figure 1.12. Bacterial Conjugation





The sex factor is a plasmid, but through processes such as transformation, it can become integrated into the host genome. In this case, when conjugation occurs, the entire genome replicates because it now contains the sex factor. The donor cell will then attempt to transfer an entire copy of its genome into the recipient; however, the bridge usually breaks before the full DNA sequence can be moved. Cells that have undergone this change are referred to by the abbreviation Hfr for high frequency of recombination.


Transduction


Transduction is the only genetic recombination process that requires a vector—a virus that carries genetic material from one bacterium to another. Viruses are obligate intracellular pathogens, which means that they cannot reproduce outside of a host cell. Because of this, bacteriophages (viruses that infect bacteria) can accidentally  incorporate a segment of host DNA during assembly. When the bacteriophage infects another bacterium, it can release this trapped DNA into the new host cell. This transferred DNA can then integrate into the genome, giving the new host additional genes. The process of transduction is shown in Figure 1.13.




[image: virus infects bacterium, replicates, lyses bacterium; one virion has bacterial DNA trapped in it and injects this DNA into another bacterium, which integrates the DNA into its genome]



Figure 1.13. Bacterial Transduction





Transposons


Transposons are genetic elements capable of inserting and removing themselves from the genome. This phenomenon is not limited to prokaryotes; it has been seen in eukaryotes as well. If a transposon is inserted within a coding region of a gene, that gene may be disrupted.




REAL WORLD


One of the biggest challenges a doctor faces is  patient compliance with treatment, especially antibiotics. Many patients fail to complete an entire course of antibiotics, often discontinuing the treatment because they feel better. Unfortunately, this breeds antibiotic resistance by killing off the bacteria that are nonresistant and leaving behind bacteria that are more resistant. These resistant bacteria then reproduce, resulting in recurrence of the infection. Over time, this practice has led to bacteria that are resistant to multiple antibiotics, making common infections more difficult to treat.





Growth


As discussed previously, bacteria reproduce via binary fission. This implies that all of the bacteria are exactly the same in a local colony (assuming no mutations or genetic recombination), and that no bacteria  are dividing faster than the others. Bacteria can be said to grow in a series of phases, as shown in Figure 1.14. In a new environment,  bacteria first adapt to the new local conditions during the lag phase. As the bacteria adapt,  the rate of division increases, causing an exponential increase in the number of bacteria in the colony during the exponential phase,  also  called the log phase. As the number of bacteria in the colony grows, resources are often reduced. The reduction of resources slows reproduction, and the stationary phase results. After the bacteria have exceeded the ability of the environment to support the number of bacteria, a death phase occurs, marking the depletion of resources.




[image: flat in lag phase, increase steeply in exponential phase, flat in stationary phase (with theoretical growth marked), slow decrease in death phase]



Figure 1.14. Bacterial Growth Curve







BRIDGE


The bacterial growth curve is an example of a semilog plot. The fact that the y-axis is logarithmic means that a straight line (as seen during the exponential phase) actually represents an exponential increase in the number of bacteria, not a linear increase. Semilog and log–log plots are discussed in Chapter 12 of MCAT Physics and Math Review.







MCAT CONCEPT CHECK 1.4


Before you move on, assess your understanding of the material with these questions.




	

Briefly describe the three mechanisms of bacterial genetic recombination:




	Transformation:





	Conjugation:





	Transduction:










	

What are the four phases of the bacterial growth curve? What are the features of each phase?
















	Phase

	Features










	 

	 






	 

	 






	 

	 






	 

	 




















1.5 Viruses and Subviral Particles [image: image]





LEARNING OBJECTIVES


After Chapter 1.5, you will be able to:




	Explain why viruses are defined as “obligate intracellular parasites”


	Recall key virus terminology, including retrovirus and positive/negative sense


	Describe how viruses are able to produce progeny via infection of a host cell


	Compare and contrast the lytic and lysogenic cycles


	Describe how prions and viroids are able to cause disease  









At the beginning of this chapter, we discussed the cell theory and noted that viruses do not fit the definition of living things because they are acellular. Viruses may be as small as 20 nm or as large as 300 nm. For reference, prokaryotes are 1–10 µm, and eukaryotes are about ten times larger. Unlike eukaryotic cells, viruses lack organelles and a nucleus.


Viral Structure


Viruses are composed of genetic material, a protein coat, and sometimes an envelope containing lipids. The genetic information may be circular or linear, single- or double-stranded, and composed of either DNA or RNA. The protein coat is known as a capsid,  which may be surrounded by an envelope composed of phospholipids and virus-specific proteins. The envelope is very sensitive to heat, detergents, and desiccation; thus, enveloped viruses are easier to kill. On the other hand, viruses that do not have an envelope are more resistant to sterilization and are likely to persist on surfaces for an extended period of time.


Because viruses cannot reproduce independently, they are considered obligate intracellular parasites. Viruses must express and replicate genetic information within a host cell because they lack ribosomes to carry out protein synthesis. After hijacking a cell’s machinery, a virus will replicate and produce viral progeny, called virions, which can be released to infect additional cells.


Bacteriophages are viruses that specifically target bacteria. They do not actually enter bacteria; rather, they simply inject their genetic material, leaving the remaining structures outside the infected cell. In addition to a capsid, bacteriophages contain a tail sheath and tail fibers, as shown in Figure 1.15. The tail sheath can act like a syringe, injecting genetic material into a bacterium. The tail fibers help the bacteriophage  recognize and connect to the correct host cell.




[image: nucleic acid in capsid (protein coat), atop tail sheath and six tail fibers]



Figure 1.15. Structure of a Bacteriophage





Viral Genomes


Viral genomes come in a variety of shapes and sizes. Some are made of only a few genes, while others have several hundred. In addition, viral genomes may be made of either single- or double-stranded DNA or RNA. 


Single-stranded RNA viruses may be positive sense or negative sense. Positive sense implies that the genome may be directly translated to functional proteins by the ribosomes of the host cell, just like mRNA. Negative-sense RNA viruses are a bit more complicated: the negative-sense RNA strand acts as a template for synthesis of a complementary strand, which can then be used as a template for protein synthesis. Negative-sense RNA viruses must carry an RNA replicase in the virion to ensure that the complementary strand is synthesized.


Retroviruses are enveloped, single-stranded RNA viruses in the family Retroviridae; usually, the virion contains two identical RNA molecules. These viruses carry an enzyme known as reverse transcriptase, which synthesizes DNA from single-stranded RNA. The DNA then integrates into the host cell genome, where it is replicated and transcribed as if it were the host cell’s own DNA. This is a clever mechanism because the integration of the genetic material into the host cell genome allows  the cell to be infected indefinitely, so the only way to remove the infection is to kill the infected cell.  The human immunodeficiency virus (HIV) is a retrovirus that utilizes this life cycle, which is one of the characteristics that make HIV so difficult to treat, as shown in Figure 1.16.




[image: DNA fuses with cell membrane, empties contents into cell; RNA reverse transcribed to DNA, which integrates into genome; transcription and translation make viral proteins, which assemble and bud off as a new virion]



Figure 1.16. Life Cycle of the Human Immunodeficiency Virus (HIV)







REAL WORLD


Both retroviruses and transduction are under investigation as methods of gene therapy. It is theorized that retroviral and transduction methods can deliver functional versions of missing or altered genes, so that the correct proteins can be synthesized and certain diseases can be treated. Gene therapy is discussed in Chapter 6 of MCAT Biochemistry Review.







Viral Life Cycle


As we have already discussed, viruses must infect a host cell and use the host cell’s machinery in order to reproduce. Here, we will discuss the viral life cycle in detail.


Infection


Viruses can only infect a specific set of cells, because they must bind to specific receptors on the host cell. Without the proper receptors, a cell is essentially invisible to the virus. Once the virus binds the correct receptor, the virus and the cell are brought into close enough proximity to permit additional interactions. Enveloped viruses fuse with the plasma membrane of a cell, allowing entry of the virion into the host cell. Sometimes a host cell may mistake a virus bound to the membrane as nutrients or other useful molecules and will actually bring the virus into the cytoplasm via endocytosis. As mentioned earlier, bacteriophages use tail fibers to anchor themselves to the cell membrane and then inject their genome into the host bacterium through the tail sheath. Some tail fibers even have enzymatic activity, allowing for both penetration of the cell wall and the formation of pores in the cell membrane.




REAL WORLD


HIV must bind to a receptor called CCR5 on white blood cells in order to infect them. Some people lack this receptor and are thus immune to HIV. There was recently a case in which an HIV-positive individual with leukemia received a bone marrow transplant from a donor that lacked CCR5. Not only was the leukemia cured, but the patient experienced remission of the HIV infection because the white blood cells from the newly acquired bone marrow were not susceptible to HIV infection.





Depending on the virus, different portions of the virion will be inserted into host cells. Enveloped viruses such as HIV fuse with the membrane and enter the cell intact, whereas bacteriophages only insert their genetic material, leaving their capsids outside the host cell.


Translation and Progeny Assembly


After infection, translation of viral genetic material must occur in order for the virus to reproduce. This requires translocation of the genetic material to the correct location in the cell. Most DNA viruses must enter the nucleus in order to be transcribed into mRNA. The mRNA then goes to the cytoplasm, where it is translated into proteins. Genetic material from positive-sense RNA viruses stays in the cytoplasm, where it is directly translated into protein by host cell ribosomes. Negative-sense RNA viruses require synthesis of a complementary RNA strand via RNA replicase, which can then be translated to form proteins. DNA formed through reverse transcription in retroviruses also travels to the nucleus, where it can be integrated into the host genome.


Using the ribosomes, tRNA, amino acids, and enzymes of the host cell, viral RNA is translated into protein. Many of these proteins are structural capsid proteins and allow for the creation of new virions in the cytoplasm in the host cell. Once the viral genome has been replicated, it can be packaged within the capsid. Note that the viral genome must be returned to its original form before packaging; for example, retroviruses must transcribe new copies of their single-stranded RNA from the DNA that entered the host genome. A single virus may create anywhere from hundreds to many thousands of new virions within a single host cell.




Progeny Release


Viral progeny may be released in multiple ways. First, the viral invasion may initiate cell death, which results in spilling of the viral progeny. Second, the host cell may lyse as a result of being filled with extremely large numbers of virions. Lysis is actually a disadvantage for the virus because the virus can no longer use the cell to carry out its life cycle. Finally, a virus can leave the cell by fusing with its plasma membrane as shown in Figure 1.17, a process known as extrusion. This process  keeps the host cell alive, and thus allows for the continued use of the host cell by the virus. A virus in this state is said to be in a productive cycle.


[image: viral progeny pushes out on cell membrane, forming a vesicle]



Figure 1.17. Viral Extrusion





Lytic and Lysogenic Cycles


Depending on growth conditions and the specific virus, bacteriophages may enter a lytic or lysogenic life cycle. These two phases are similar to the lysis and productive cycle methods of progeny release discussed above.


During a lytic cycle, the bacteriophage maximizes the use of the cell’s machinery with little regard for the survival of the host cell. Once the host is swollen with new virions, the cell lyses, and other bacteria can be infected. Viruses in the lytic phase are termed virulent.


In the event that the virus does not lyse the bacterium, it may integrate into the host genome as a provirus or prophage, initiating the lysogenic cycle. In this case, the virus will be replicated as the bacterium reproduces because it is now a part of the host’s genome. Although the virus may remain integrated into the host genome indefinitely, environmental factors (radiation, light, or chemicals) may cause the provirus to leave the genome and revert to a lytic cycle. As mentioned earlier,  the provirus may extract bacterial genes as it leaves the genome, which allows transduction of genes from one bacterium to another. Although bacteriophages can kill their hosts, integration of the phage into the host genome may actually benefit the bacterium. Infection with one strain of phage generally makes the bacterium less susceptible to superinfection (simultaneous infection) with other phages. Because the provirus is relatively innocuous, this arrangement may confer an evolutionary advantage. The lytic and lysogenic cycles are contrasted in Figure 1.18.




[image: lytic cycle: phage replicates and assembles progeny, which lyse cell; lysogenic cycle: phage genome integrates and replicates with cell]



Figure 1.18. Lytic vs. Lysogenic Cycles of Bacteriophages





Prions and Viroids


Prions and viroids are very small (subviral) particles that can cause disease under certain circumstances.


Prions


Prions are infectious proteins and are, therefore, nonliving things. They cause disease by triggering misfolding of other proteins, usually through the conversion of a protein from an α-helical structure to a β-pleated sheet. This drastically reduces the solubility of the protein, as well as the ability of the cell to degrade the protein. Eventually, protein aggregates form, interfering with cell function. Prions are known to cause bovine spongiform encephalopathy (mad cow disease), Creutzfeldt–Jakob disease, and familial fatal insomnia in humans.


Viroids


Viroids are small pathogens consisting of a very short circular single-stranded RNA that infect plants. Viroids can bind to a large number of RNA sequences and can silence genes in the plant genome. This prevents synthesis of necessary proteins, resulting in metabolic disruption and structural damage to the cell. Viroids are classically thought of as plant pathogens, but a few examples of human viroids do exist, including the hepatitis D virus (HDV). Alone, HDV is innocuous; however, when coinfected with hepatitis B virus (HBV), HDV is able to exert its silencing effect on human hepatocytes.






MCAT CONCEPT CHECK 1.5


Before you move on, assess your understanding of the material with these questions.




	Why are viruses considered obligate intracellular parasites?





	A coronavirus, which causes the common cold, is described as an enveloped, single-stranded positive-sense RNA virus. What does this indicate about the virus?





	Briefly describe the pathway of retroviral nucleic acids from infection of a host cell to release of viral progeny:





	What are the differences between the lytic and lysogenic cycles?



	Lytic cycle:





	Lysogenic cycle:











	How do prions cause disease?










Conclusion


Our first chapter introduced the basis of all biology: cell theory. All living things are made of prokaryotic or eukaryotic cells. Prokaryotes are simpler and do not contain membrane-bound organelles. Eukaryotes contain membrane-bound organelles with highly specialized functions. While eukaryotic organisms (especially  humans!) will be the primary focus on Test Day, an understanding of prokaryotic structure and physiology is necessary to understand infectious disease. Viruses are nonliving infectious particles that must invade cells in order to reproduce. Finally, we discussed the smallest infectious particles, prions and viroids.




Our discussions from here on out will focus primarily on eukaryotes, but you will spend significant time in your clinical career battling the pathogens we’ve presented in this chapter. Vaccines are available for a number of bacteria (Bacillus anthracis [anthrax], Corynebacterium diphtheriae [diphtheria], Haemophilus influenzae type B [many upper respiratory and ear infections], Neisseria meningitidis [some cases of bacterial meningitis], Streptoccocus pneumoniae [many cases of bacterial pneumonia], Clostridium tetani [tetanus], Salmonella typhi [typhoid], and Bordetella pertussis [whooping cough]) and viruses (varicella-zoster virus [chickenpox and shingles], hepatitis A and B viruses, human papillomavirus [HPV], influenza, measles, mumps, polio, rabies, rotavirus, rubella, and yellow fever). Those for which we do not have vaccines may be targeted with antibiotic and antiviral therapies; the appropriate pharmacotherapy usually depends on an understanding of bacterial or viral physiology and the known resistance patterns in the local area. In other words, the principles presented in this chapter will show up in your everyday life as a physician!


We’ve discussed one method of cellular reproduction: the division of a bacterial cell into two cells by binary fission. Eukaryotic cells also must replicate, but use a different process: mitosis. In the next chapter, we will turn our attention to mitosis, as well as meiosis and human reproduction.




GO ONLINE


You’ve reviewed the content, now test your knowledge and critical thinking skills by completing a test-like passage set in your online resources!







CONCEPT SUMMARY


Cell Theory




	The cell theory has four basic tenets:



	All living things are composed of cells.


	The cell is the basic functional unit of life.


	Cells arise only from preexisting cells.


	Cells carry genetic information in the form of DNA. This genetic material is passed on from parent to daughter cell.






	Viruses are not considered living things because they are acellular, cannot reproduce without the assistance of a host cell, and may use RNA as their genetic material.




Eukaryotic Cells




	
Eukaryotes have membrane-bound organelles, a nucleus, and may form multicellular organisms.


	The cell membrane and membranes of organelles contain phospholipids, which organize to form hydrophilic interior and exterior surfaces with a hydrophobic core.


	The cytosol suspends the organelles and allows diffusion of molecules throughout the cell.


	The eukaryotic organelles each serve specific functions:



	The nucleus contains DNA organized into chromosomes. It is surrounded by the nuclear membrane or envelope, a double membrane that contains nuclear pores for two-way exchange of materials between the nucleus and cytosol. DNA is organized into coding regions called genes.


	The nucleolus is a subsection of the nucleus in which ribosomal RNA (rRNA) is synthesized.


	
Mitochondria contain an outer and inner membrane. The outer membrane forms a barrier with the cytosol; the inner membrane is folded into cristae and contains enzymes for the electron transport chain. Between the membranes is the intermembrane space; inside the inner mitochondrial membrane is the mitochondrial matrix. Mitochondria can divide independently of the nucleus via binary fission and can trigger apoptosis by releasing mitochondrial enzymes into the cytoplasm.


	
Lysosomes contain hydrolytic enzymes that can break down substances ingested by endocytosis and cellular waste products. When these enzymes are released, autolysis of the cell can occur.


	The endoplasmic reticulum (ER) is a series of interconnected membranes and is continuous with the nuclear envelope. The rough ER (RER) is studded with ribosomes, which permit translation of proteins destined for secretion. The smooth ER (SER) is used for lipid synthesis and detoxification.


	
The Golgi apparatus consists of stacked membrane-bound sacs in which cellular products can be modified, packaged, and directed to specific cellular locations.


	
Peroxisomes contain hydrogen peroxide and can break down very long chain fatty acids via β-oxidation. They also participate in phospholipid synthesis and the pentose phosphate pathway.






	The cytoskeleton provides stability and rigidity to the overall structure of the cell, while also providing transport pathways for molecules within the cell.



	
Microfilaments are composed of actin. They provide structural protection for the cell and can cause muscle contraction through interactions with myosin. They also help form the cleavage furrow during cytokinesis in mitosis.


	
Microtubules are composed of tubulin. They create pathways for motor proteins like kinesin and dynein to carry vesicles. They also contribute to the structure of cilia and flagella, where they are organized into nine pairs of microtubules in a ring with two microtubules at the center (9 + 2 structure). Centrioles are found in centrosomes and are involved in microtubule organization in the mitotic spindle.


	
Intermediate filaments are involved in cell–cell adhesion and maintenance of the integrity of the cytoskeleton; they help anchor organelles. Common examples include keratin and desmin.






	
Epithelial tissues cover the body and line its cavities, protecting against pathogen invasion and desiccation. Some epithelial cells absorb or secrete substances, or participate in sensation.



	In most organs, epithelial cells form the parenchyma, or the functional parts of the organ.


	Epithelial cells may be polarized, with one side facing a lumen or the outside world, and the other side facing blood vessels and structural cells.


	Epithelia can be classified by the number of layers: simple epithelia have one layer, stratified epithelia have many layers, and pseudostratified epithelia appear to have multiple layers due to differences in cell heights, but actually have only one layer.


	Epithelia can be classified by the shapes of the cells: cuboidal cells are cube-shaped, columnar cells are long and narrow, and squamous cells are flat and scale-like.






	
Connective tissues support the body and provide a framework for epithelial cells.



	In most organs, connective tissues form the stroma or support structure by secreting materials to form an extracellular matrix.


	Bone, cartilage, tendons, ligaments, adipose tissue, and blood are all connective tissues.
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LEARNING OBJECTIVES
After Chapter 1.1, you will be able to:





OEBPS/images/checklist.jpg
Getting Started Checklist

Register for your free online assets—including full-length tests,
D Science Review Videos, and additional practice materials—at
‘www.kaptest.com, i

Create a study calendar that ensures you complete content review
and sufficient practice by Test Day!

As you finish a chapter and the online practice for that chapter,
check it off on the table of contents.

D ‘ Register to take the MCAT at www.aamc.org/mcat.

application—personal statement, recommendations, and other
materials—is ready to go!

Take a moment to admire your completed checklist, then get back
to the business of prepping for this exam!

D Set aside time during your prep to make sure the rest of your






OEBPS/images/page-39.jpg





OEBPS/images/page-40.jpg





OEBPS/images/logo.jpg
IKAPLAN)





OEBPS/images/hy1.jpg





OEBPS/images/hy.jpg
| mgnvies (§





OEBPS/toc.xhtml




Contents





		Cover



		Title Page



		Copyright Page



		Table of Contents



		The Kaplan MCAT Review Team



		Getting Started Checklist



		Preface



		About the MCAT



		How This Book Was Created



		Using This Book



		Studying for the MCAT



		Chapter 1: The Cell



		1.1 Cell Theory



		1.2 Eukaryotic Cells



		1.3 Classification and Structure of Prokaryotic Cells



		1.4 Genetics and Growth of Prokaryotic Cells



		1.5 Viruses and Subviral Particles









		Chapter 2: Reproduction



		2.1 The Cell Cycle and Mitosis



		2.2 Meiosis



		2.3 The Reproductive System









		Chapter 3: Embryogenesis and Development



		3.1 Early Developmental Stages



		3.2 Mechanisms of Development



		3.3 Fetal Circulation



		3.4 Gestation and Birth









		Chapter 4: The Nervous System



		4.1 Cells of the Nervous System



		4.2 Transmission of Neural Impulses



		4.3 Organization of the Human Nervous System









		Chapter 5: The Endocrine System



		5.1 Mechanisms of Hormone Action



		5.2 Endocrine Organs and Hormones









		Chapter 6: The Respiratory System



		6.1 Anatomy and Mechanism of Breathing



		6.2 Functions of the Respiratory System









		Chapter 7: The Cardiovascular System



		7.1 Anatomy of the Cardiovascular System



		7.2 Blood



		7.3 Physiology of the Cardiovascular System









		Chapter 8: The Immune System



		8.1 Structure of the Immune System



		8.2 The Innate Immune System



		8.3 The Adaptive Immune System



		8.4 The Lymphatic System









		Chapter 9: The Digestive System



		9.1 Anatomy of the Digestive System



		9.2 Ingestion and Digestion



		9.3 Accessory Organs of Digestion



		9.4 Absorption and Defecation









		Chapter 10: Homeostasis



		10.1 The Excretory System



		10.2 Skin









		Chapter 11: The Musculoskeletal System



		11.1 The Muscular System



		11.2 The Skeletal System









		Chapter 12: Genetics and Evolution



		12.1 Fundamental Concepts of Genetics



		12.2 Changes in the Gene Pool



		12.3 Analytical Approaches in Genetics



		12.4 Evolution









		Glossary



		Index



		Art Credits













Guide





		Cover Image



		Title Page



		Copyright



		Table of Contents



		Chapter 1: The Cell













List of Pages





		cover



		i



		iii



		iv



		v



		vi



		vii



		viii



		ix



		x



		xi



		xii



		xiii



		xiv



		xv



		xvi



		xvii



		xviii



		xix



		xx



		xxi



		xxii



		xxiii



		xxiv



		xxv



		xxvi



		xxvii



		xxviii



		1



		3



		4



		5



		6



		7



		8



		9



		10



		11



		12



		13



		14



		15



		16



		17



		18



		19



		20



		21



		22



		23



		24



		25



		26



		27



		28



		29



		30



		31



		32



		33



		34



		35



		36



		37



		38



		39



		40



		41



		42



		43



		44



		45



		46



		47



		48



		49



		50



		51



		52



		53



		55



		57



		58



		59



		60



		61



		62



		63



		64



		65



		66



		67



		68



		69



		70



		71



		72



		73



		74



		75



		76



		77



		78



		79



		80



		81



		82



		83



		84



		85



		86



		87



		88



		89



		90



		91



		92



		93



		95



		96



		97



		98



		99



		100



		101



		102



		103



		104



		105



		106



		107



		108



		109



		110



		111



		112



		113



		114



		115



		116



		117



		118



		119



		120



		121



		122



		123



		124



		125



		126



		127



		128



		129



		130



		131



		132



		133



		134



		135



		137



		139



		140



		141



		142



		143



		144



		145



		146



		147



		148



		149



		150



		151



		152



		153



		154



		155



		156



		157



		158



		159



		160



		161



		162



		163



		164



		165



		166



		167



		168



		169



		170



		171



		172



		173



		174



		175



		176



		177



		179



		180



		181



		182



		183



		184



		185



		186



		187



		188



		189



		190



		191



		192



		193



		194



		195



		196



		197



		198



		199



		200



		201



		202



		203



		204



		205



		206



		207



		208



		209



		210



		211



		212



		213



		214



		215



		216



		217



		218



		219



		221



		223



		224



		225



		226



		227



		228



		229



		230



		231



		232



		233



		234



		235



		236



		237



		238



		239



		240



		241



		242



		243



		244



		245



		246



		247



		249



		251



		252



		253



		254



		255



		256



		257



		258



		259



		260



		261



		262



		263



		264



		265



		266



		267



		268



		269



		270



		271



		272



		273



		274



		275



		276



		277



		278



		279



		280



		281



		282



		283



		284



		285



		286



		287



		288



		289



		290



		291



		292



		293



		294



		295



		297



		299



		300



		301



		302



		303



		304



		305



		306



		307



		308



		309



		310



		311



		312



		313



		314



		315



		316



		317



		318



		319



		320



		321



		322



		323



		324



		325



		327



		329



		330



		331



		332



		333



		334



		335



		336



		337



		339



		340



		341



		342



		343



		344



		345



		346



		347



		348



		349



		350



		351



		352



		353



		354



		355



		356



		357



		358



		359



		360



		361



		362



		363



		364



		365



		367



		369



		370



		371



		372



		373



		374



		375



		377



		379



		380



		381



		382



		383



		384



		385



		386



		387



		388



		389



		390



		391



		392



		393



		394



		395



		396



		397



		398



		399



		401



		403



		404



		405



		406



		407



		408



		409



		410



		411



		413



		414



		415



		416



		417



		418



		419



		420



		421



		422



		423



		424



		425



		426



		427



		428



		429



		430



		431



		432



		433



		434



		435



		436



		437



		438



		439



		440



		441



		443



		445



		447



		449



		450



		451



		452



		453



		454



		455



		456



		457



		458



		459



		460



		461



		462



		463



		464



		465



		466



		467



		468



		469



		470



		471



		472



		473



		474



		475



		476



		477



		478



		479



		480



		481



		482



		483



		484



		485



		486



		487



		488



		489



		490



		491



		493



		494



		495



		496



		497



		498



		499



		500



		501



		502



		503



		504



		505



		506



		507



		509



		510



		511



		512



		513



		514



		515



		516



		517



		518



		519



		520



		521



		522



		523



		524



		525



		526



		527



		528



		529



		531











OEBPS/images/page51.jpg





OEBPS/images/cover.jpg
ICAPLAN

MCAT

Biology

Review
2025-2026 &

Online + Book

MCAT® and Medical College Admission Test® are registered trademarks of the Association of American Medical Colleges (AAMC),
which is not affiliated with Kaplan and was not involved in the production of, and does not endorse, this product.





OEBPS/images/page70.jpg
e =] Esz_mm =
S E k=
~m»/;“ @:;"::. N

.v; [reee] @ [Br==1<]

B L 5

ytic cycle
Pprogeny assembly replication of
viral chromosome ‘prophage





OEBPS/images/page69.jpg





OEBPS/images/page67.jpg
‘The virus binds to CD4 and CCRS
proteins on the cell surface.

It then empties its contents into the cell
asit fuses.

The

VAR SUNA St OTGIOR ITMONS T3 Thl €.
membrane to begin the process of the
new virus creation.

The eniyme eotease modifes protein

f the process In creating

a and
creates a double-stranded DNA.

This DNA s then inserted into the host
cells DNA by the viral enzyme,
integrase

When the infected cell divides it
transcribes the viral DNA, making long
chains of proteins.

HIV virus

immature virion

mature virus

—

?‘ T~

budding virus





OEBPS/images/page50.jpg





OEBPS/images/page66.jpg
nucleic acid

capsid
(protein coat)

tail sheath

tail fibers






OEBPS/images/page64.jpg
log of numbers of bacteria

phase

exponental
phase

theoretical
gowth

statonary
phase

death
phase

time





