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3 

 

ASBMB DEGREE-ACCREDITATION PROGRAM IN 

BIOCHEMISTRY & MOLECULAR BIOLOGY 

 

Biochemistry and molecular biology are distinguished by their focus on information flow, 

structure, function and energy within overarching biological contexts. 

 

INTRODUCTION 

 

The goals of the ASBMB degree-accreditation program are to provide: 

- a national, outcomes-based mechanism by which students receiving a B.S. or B.A. in 

biochemistry and molecular biology or closely related major1 are given an 

opportunity to have their degree certified by the ASBMB.  

- a vehicle for recognizing undergraduate BMB programs whose features and 

infrastructure fulfill the basic expectations of the ASBMB. 

- access to an independently constructed and scored instrument for assessing student 

achievement and program effectiveness. 

 

BACKGROUND 

 

The accreditation program for bachelor’s degrees in biochemistry and molecular biology1 (BMB) 

constitutes a powerful vehicle by which the ASBMB can: 

- actively and visibly promote excellence and innovation in undergraduate BMB 

education. 

- connect with and recruit aspiring biochemists and molecular biologists on a 

nationwide scale.  

- raise the profile and enhance the relevance of our society among STEM educators. 

- raise the profile and relevance of our society in the private sector, where employers 

are often frustrated by the heterogeneity in knowledge and skills exhibited by 

graduates of different BMB programs.  

 

For students, receipt of a certified degree affirms to prospective graduate and professional 

schools or potential employers that the recipient has:  

- matriculated through a program whose curriculum and infrastructure meet the basic 

expectations of the ASBMB, and  

- demonstrated a grasp of fundamental concepts and critical reasoning skills on the 

ASBMB evaluation instrument. Certification provides students graduating from 

diverse programs an opportunity to demonstrate their competitiveness with peers 

from across the nation.  

 

For BMB educators, access to an independent, nationally recognized evaluation tool materially 

assists them in meeting the growing demand from collegiate accrediting bodies, university 

 
1 In addition to the obvious majors — Biochemistry, Biological Chemistry, Molecular Biology, or Biochemistry & 

Molecular Biology — we recognize that similar core content is often delivered by majors with names such as 

Biophysics, Chemical Biology, Molecular & Cellular Biology, etc. Hence, the ASBMB considers it inadvisable to 

be overly reliant on labels in identifying relevant degree programs. 
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administrators, etc., for regular outcomes assessment.  Independent assessment, in turn, assists 

them in pinpointing strengths and weaknesses in their curriculum and overall program. 

 

For a student to have their degree certified by the ASBMB, they must: 

- earn a B.A., B.S. or equivalent degree from an ASBMB-accredited program, and  

- exhibit acceptable performance on an assessment instrument provided by the 

ASBMB.  

 

Students who exhibit exceptional performance on the assessment instrument will be recognized 

as having graduated with distinction by the ASBMB. 

  

CHARACTERISTICS OF AN ASBMB-ACCREDITED PROGRAM 

 

INTRODUCTION 

 

Key characteristics of an ASBMB-accredited program are described in the sections below. The 

ASBMB recognizes that many programs (particularly at smaller schools) may not be able to 

incorporate all of these characteristics exactly as described. Consequently, an Accreditation 

Evaluation Rubric was developed to aid evaluators in examining each application from a holistic 

perspective.  

 

INSTITUTION 

(Application Sections 1–4) 

 

General Information 

An ASBMB-accredited program must be located within an institution of higher learning that has 

been accredited by the pertinent national or regional body.  

 

Facilities and Equipment 

Classrooms, teaching laboratories, and research spaces should be safe and equipped with the 

supplies and instrumentation needed to perform modern biochemical and molecular biological 

analyses and manipulations. Courses should be offered on a regular schedule with sufficient 

frequency and seating capacity to prevent unnecessary delays in the timely completion of a BMB 

degree. The institution should also demonstrate sufficient administrative support services (non-

faculty staff support involved in course administration) for BMB faculty both inside and outside 

the classrooms. 

 

Safety 

The ASBMB expects that research and teaching are performed in a safe and appropriate manner. 

Regular, explicit attention should be devoted to the topic of laboratory safety, including the 

recognition of common laboratory hazards, responsible laboratory practices, and methods and 

equipment used for the prevention of, protection from, and response to incidents involving 

potential hazards. Both faculty and students should receive formal safety training and be 

evaluated on the training received.2 

 

 
2 For more information on laboratory safety, see http://www.cdc.gov/niosh/docs/2007-107/pdfs/2007-107.pdf and 

https://www.cdc.gov/labs/BMBL.html 

https://www.asbmb.org/getmedia/709db8b5-fe5d-4127-97ff-b8e8ffa08dda/accreditation-rubric-2021.pdf
http://www.cdc.gov/niosh/docs/2007-107/pdfs/2007-107.pdf
https://www.cdc.gov/labs/BMBL.html
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Diversity and Inclusion 

The college or university must articulate policies intended to foster an institutional culture that 

values diversity in all dimensions and provide mechanisms for promoting a safe, supportive, and 

welcoming learning environment for all students and faculty. 

 

FACULTY MEMBERS 

(Application Section 5) 

 

The faculty of an ASBMB-accredited program must be sufficient in number as well as breadth, 

depth, and diversity of experience and expertise to provide a well-rounded, fundamentally sound 

educational program for BMB students. Each BMB faculty member should possess a Ph.D. or 

other advanced degree (e.g., M.D., M.D./Ph.D., or D.Phil.) in biochemistry, molecular biology, 

or a closely related discipline as well as a demonstrated track record of teaching and research in 

BMB. The majority of BMB faculty should have undergone postdoctoral training.  

 

The recommended threshold for a BMB program is three or more contributing faculty members. 

While these faculty members may not necessarily be assigned exclusively to the BMB program, 

each should play a significant and clearly defined role in the instructional and advising missions 

of the program. The loss of any individual faculty member should not jeopardize the 

sustainability of the program. 

 

The institution should afford BMB faculty regular opportunities to engage in professional-

development activities such as sabbatical leave, attendance of professional conferences and 

workshops, participation in research, publication in the refereed research literature, and/or 

attendance of continuing-education workshops and courses. 

 

CURRICULUM 

(Application Section 6) 

 

Introduction 

The ASBMB believes that students are best served when programs focus on the development of 

durable, translatable skills and fundamental knowledge rather than the rote accumulation of 

detailed facts. Program effectiveness also is materially enhanced when guided by a set of clearly 

stated educational objectives. One important contributor to the development of capable lifelong 

learners in BMB is the establishment of a strong grounding in its core concepts. This firm 

foundation should be nurtured through a continual, progressive emphasis on critical reasoning 

skills, experiential learning, and the ability to communicate information and concepts in a clear, 

accurate, and organized form using both the written and spoken word. 

 

Since both our discipline and educational best practices are subject to continual change and 

innovation, the recommendation regarding curriculum outlined below intentionally avoids 

providing a list of “required” courses. Such a prescriptive, topics-based approach runs counter to 

ASBMB’s desire to focus on outcomes, as well as our intention to provide members of the 

educational community free rein to apply their creativity and experience to the improvement of 

BMB pedagogy over time. 
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Core Concepts and Learning Objectives3 

An ASBMB-recognized program should be able to relate each element of its BMB curriculum to 

one or more of the core concepts listed below and their related learning objectives: 
 

1. Energy is required by and transformed in biological systems 

2. Macromolecular structure determines function and regulation  

3. Information storage and flow are dynamic and interactive 

4. Discovery requires objective measurement, quantitative analysis & clear 

communication. 

Sample learning objectives are provided in Appendices I – V. Each of the core concepts should 

appear at multiple levels (introductory, intermediate, and advanced) in the curriculum. In 

addition, the curriculum should present these concepts in a manner that illustrates the pervasive 

role that evolution and homeostasis play in shaping the form and function of all biological 

molecules and organisms. (See the diagram below.) 

 

 

 
 

Visit https://www.asbmb.org/education/core-concept-teaching-strategies for more information. 

 

 
3 These core concepts were developed through a multiyear series of workshops supported by grant #0957205 from 

the National Science Foundation. At these workshops members of the BMB community were invited to develop a 

list of core concepts that defined and distinguished biochemistry and molecular biology from other STEM 

disciplines, as well as a series of learning objectives for each.  

https://www.asbmb.org/education/core-concept-teaching-strategies
https://www.nsf.gov/awardsearch/showAward?AWD_ID=0957205&HistoricalAwards=false
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Experiential Learning 

An ASBMB-accredited program requires participating students to engage in a cumulative total of 

400 or more contact hours4 of direct, hands-on laboratory experience in all STEM areas5 over 

the course of the degree program. It is recommended that at least one of these experiences be 

research/inquiry-based (and/or that inquiry-based learning occur in the lecture/seminar portions 

of courses). Under certain circumstances6 undergraduate research, internship activities, 

independent and team projects, in silico research, etc., can substitute for more traditional 

laboratory courses as long as every student in the major completes 400 hours.  

 

Active Learning 

Students also should have some level of active learning in one or more of its many forms. This 

approach to teaching can engage students in either the classroom or the teaching laboratory. 

There are many approaches of active learning that provide opportunities for students to think 

critically and that promote student engagement, synthesis, analysis, team skills and problem 

solving. The ASBMB has a long history of workshops and sessions providing support for those 

interested in developing active learning strategies. 

 

Resources that define active learning methods 

 

Problem-based learning (PBL) 

Institute for Transforming University Education PBL resources 

Deep and surface learning in problem-based learning: A review of the literature 

The power of problem-based learning: A practical “how to” for teaching undergraduate courses 

in any discipline 

 

Process oriented guided inquiry learning (POGIL) 

What is POGIL? 

POGIL curriculum materials 

 

Flipped classroom 

Flipping the classroom 

 

 

 

 
4 In recent years, contact hours for accredited programs have ranged from 400-900. The average number of contact 

hours across recently accredited programs is 583. 

 
5
 STEM areas include biology, chemistry, biochemistry, molecular biology, physics, engineering, mathematics, and 

computer science. 
 
6 In silico laboratory experiences can be included in the required laboratory experience hours under certain 

temporary circumstances as recommended by the accreditation subcommittee of the ASBMB EPD, such as the 

move to remote instruction during the COVID-19 pandemic, and only when the subject matter is appropriate for 

active learning. Examples of appropriate subject matter include bioinformatics analyses and structural modeling. 

Simulated laboratory activities or demonstrations, online or otherwise, will not be counted towards the required 

laboratory experience hours. The accreditation subcommittee of the ASBMB EPD will be the final arbiter of 

whether a particular laboratory experience is included in the required hours. Programs may refer to the ASBMB 

accreditation site or Going online: What defines a lab? for further guidance.  

https://www.itue.udel.edu/resources/pbl-resources
https://link.springer.com/article/10.1007/s10459-015-9645-6
https://books.google.com/books?id=5gJu7IKBC98C&printsec=frontcover&dq=isbn:1579220371&hl=en&sa=X&ved=0ahUKEwjI49qb7bfSAhUCRiYKHZ9kDMMQ6AEIHDAA#v=onepage&q&f=false
https://books.google.com/books?id=5gJu7IKBC98C&printsec=frontcover&dq=isbn:1579220371&hl=en&sa=X&ved=0ahUKEwjI49qb7bfSAhUCRiYKHZ9kDMMQ6AEIHDAA#v=onepage&q&f=false
https://pogil.org/about-pogil/what-is-pogil
https://pogil.org/about-pogil/what-is-pogil
https://pogil.org/educators/resources
https://cft.vanderbilt.edu/guides-sub-pages/flipping-the-classroom/
https://www.asbmb.org/education/accreditation
https://www.asbmb.org/education/accreditation
https://www.asbmb.org/education/accreditation/going-online-what-defines-a-lab
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Undergraduate Research, Cooperative Experiences, and Internships 

While it is desirable that every BMB major be given the opportunity to participate in research or 

related activities in an active research laboratory or other professional setting, ASBMB 

recognizes that the large number of students enrolled in many BMB programs renders 100% 

student participation impractical. Nonetheless, mechanisms by which students are encouraged to 

further enrich their academic experience through direct participation as the member of an active 

research group or other professional entity are deemed an essential feature of a recognized 

program. Some examples of such entities aside from academic research include quality 

assurance/quality control laboratories, analytical laboratories, and production units. 

 

If the necessary research infrastructure to support undergraduate research is lacking within the host 

institution, it is expected that the program will provide and advertise mechanisms for assisting students 

in obtaining experience through internship, co-op, or summer research programs at other institutions. 

 

Communication Skills 

Oral and written communication skills represent important elements in preparing students for 

long-term professional success. The curriculum of an ASBMB-accredited program should afford 

students training in written and electronic communication practices, including: 
 

- reading and consistently adhering to standard laboratory operating procedures 

- maintaining complete and accurate records, including laboratory notebooks 

- preparing complete and lucid laboratory reports, including figures. 

 

Other potential activities include preparing research proposals or grant applications, writing-

intensive projects, constructing or contributing to web pages or blogs, etc.  

 

An ASBMB-accredited program also should afford students opportunities to develop oral 

communications skills. Methods for achieving this may include but are not limited to: 
 

- poster presentations 

- oral reports 

- oral examinations 

- team projects 

- classroom discussions 

- participation in a capstone experience. 

 

Presentations of posters and talks at meetings and conferences provide particularly rich 

experiences for participating students. 

 

Teamwork Skills 

The increasingly interdisciplinary nature of science and engineering demands that BMB 

graduates be prepared to work in a diverse, team-oriented environment. An ASBMB-accredited 

program therefore should afford students deliberate opportunities for training and participation in 

team activities. 

 

Ethical Conduct of Research 

Regular, explicit attention should be devoted to the principles of a professional code of conduct 

in research and scholarship, including plagiarism and appropriate citation, qualifications for 
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authorship, appropriate application of image and data-manipulation techniques, confidentiality, 

etc. 

 

Academic and Career Advising 

Academic advising should be provided within the BMB program and career-advising resources 

should be available on campus. Given the diversity of careers available to BMB graduates, career 

exploration within the BMB curriculum and/or coordination between departmental and central 

career-advising resources is encouraged. 

 

The Accreditation Evaluation Rubric provides additional details of the society’s expectations for 

accredited programs. 

 

 

 

APPLYING FOR ASBMB ACCREDITATION 

 

 

APPLICATION PROCESS 

 

Applications will be accepted once a year, with an October 1 deadline as indicated on the 

ASBMB website. 

 

A complete application requires the following forms, which can be downloaded from the 

ASBMB website: 

• Application Form 

• Major Coursework Template 

     
The following documents must be submitted as supplementary material with the completed 

forms listed above: 

• A letter of support from the dean or equivalent institutional authority 

• Curricula vitae of select program faculty 

 

Applications should be submitted via the ASBMB website. 

 

EVALUATION PROCESS 

 

The ASBMB will consider applications from programs and departments that meet the following 

basic threshold for accreditation: 

• Your program offers a B.A. and/or B.S. in Biochemistry/Molecular Biology or other 

related degrees. 

• Your program offers a well-rounded curriculum that includes a robust experiential 

learning component.  

• Your program has a demonstrated history of support for student research, faculty 

professional development, and commitment to diversity. 

 

https://www.asbmb.org/getmedia/709db8b5-fe5d-4127-97ff-b8e8ffa08dda/accreditation-rubric-2021.pdf
https://www.asbmb.org/education/accreditation/
https://www.asbmb.org/getmedia/ac1a7a95-4880-423f-82f0-c561d3692a27/accreditation-application-2021.docx
https://www.asbmb.org/getmedia/ac1a7a95-4880-423f-82f0-c561d3692a27/accreditation-application-2021.docx
https://www.asbmb.org/getmedia/0bf98692-82eb-4545-88ee-fbb834c3dd17/major-coursework-template-2021.pdf
https://www.asbmb.org/getmedia/0bf98692-82eb-4545-88ee-fbb834c3dd17/major-coursework-template-2021.pdf
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You may refer to programs that already have received ASBMB accreditation for comparison. 

The ASBMB will NOT pre-screen programs or departments for eligibility. A full application 

must be submitted in order to be considered.  

 

A committee of at least seven ASBMB faculty representatives appointed by the chair of the 

Education and Professional Development (EPD) committee oversees the evaluation of 

applications for ASBMB-accredited status. Applications are evaluated once each year on an 

advertised schedule determined by the committee. Incomplete applications may be returned 

without review. If significant omissions or deficiencies are evident in an application, ASBMB 

staff may immediately return the application to the applicants with a statement of suggested 

revisions. The chair of the committee assigns each application that passes the initial screen to 

two committee members for review. If these reviewers do not agree on the assessment, the 

application goes to a third reviewer.  

 

Once each year, the members of the accreditation committee convene in person or by 

videoconference to discuss applications. The Accreditation Evaluation Rubric is used to guide 

the evaluation process. If, following assignment of a third reviewer, full agreement still cannot 

be reached, an application may be brought to the full committee for discussion. The committee 

also discusses and evaluates its own procedures and possible changes to the rubric and 

guidelines. 

 

Feedback 

Programs are informed of the outcome of their application no later than six months after the 

applicable submission deadline. Notification is accompanied by a written summary of the 

perceived strengths and weaknesses of the program. 

 

DEFERRALS AND PROVISIONAL ACCREDITATION 

 

The evaluation committee may defer an application and request submission of additional 

documentation in order to complete its evaluation. Deferrals generally grant applicants up to one 

year to submit additional information.  

 

Programs that are provisionally accredited are granted all rights and privileges of fully accredited 

programs. Students in provisionally accredited programs are eligible to take the ASBMB 

certification exam. Provisional accreditation status is conferred for a period of three years. 

 

New programs (those that have had fewer than five graduating classes) may apply for 

accreditation and be granted provisional accreditation status. Provisional accreditation also may 

be granted to programs that have met most but not all of the ASBMB accreditation requirements. 

Refer to the Accreditation Evaluation Rubric for further information. 

 

A program may be granted provisional accreditation a maximum of two times. A provisionally 

accredited program applying for full accreditation should include a letter with its application 

briefly summarizing changes to the program since provisional status was granted and responding 

to all suggestions in the letter granting provisional accreditation. 

 

 

 

https://www.asbmb.org/getmedia/709db8b5-fe5d-4127-97ff-b8e8ffa08dda/accreditation-rubric-2021.pdf
https://www.asbmb.org/getmedia/709db8b5-fe5d-4127-97ff-b8e8ffa08dda/accreditation-rubric-2021.pdf
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APPEALS PROCESS 

 

An unsuccessful applicant can resubmit a revised application at the next convenient deadline. 

Revised portions of the text should be highlighted (e.g. shading, lines in the margin, underlined). 

Only the revised portions of the application need to be updated if the application is resubmitted 

within one year of the original submission. 

 

A resubmitted application should include a letter briefly outlining a response to the prior 

evaluation. 

 

MAINTENANCE OF ACCREDITED STATUS 

 

Recognized status is conferred for a period of seven years. During the final year of accredited 

status, an application for continuation of recognized status should be submitted to ASBMB. The 

format and evaluation process for renewal applications are identical to those for an initial 

application. Please check the guidelines at the time of renewal since these may be modified since 

your previous application. 

 

PROGRAM CONTACT INFORMATION 

 

All communications regarding ASBMB accreditation, including application decisions, renewal 

reminders and information about the ASBMB certification exam, will be sent via email to the 

primary contact. Primary contact information can be changed by emailing 

education@asbmb.org.  

 

Current primary contacts for all ASBMB-accredited programs are available online: 

https://www.asbmb.org/education/accreditation/schools.  

 

ASBMB DEGREE CERTIFICATION PROCESS (CERTIFICATION EXAM) 

 

Once a program has been accredited, its students become eligible for an ASBMB certified 

degree. To qualify for degree certification, students must exhibit satisfactory performance on the 

ASBMB assessment instrument. 

 

All students who are part of an ASBMB-accredited program are eligible to take the certification 

exam. Students are permitted only a single attempt at the examination during their undergraduate 

career. It is therefore recommended that students take the certification exam during their final 

year.  

 

Each year, the ASBMB will invite all accredited ASBMB programs to participate in the 

certification exam. Information about the format and administration of the exam will be sent to 

all primary contacts and will be available on the ASBMB website: 

https://www.asbmb.org/education/certification-exam. 

 

Ideally, all eligible students should take the assessment instrument on the same day, preferably at 

the same time. Faculty should proctor the exam and be ready to assist students with questions 

intended to clarify content. However, proctors should refrain from providing “hints”, etc. 

designed to direct the student toward possible answers.  

mailto:education@asbmb.org
https://www.asbmb.org/education/accreditation/schools
https://www.asbmb.org/education/certification-exam


     

 

12 

 

Exams will be scored by a group of ASBMB members using rubrics provided by the authors of 

the respective questions. Each student response will be scored by three or more independent 

evaluators. Consistency in the application of scoring criteria by the evaluators will be monitored. 

Instances of low inter-rater reliability will be investigated and, where necessary, responses will 

re-scored or additional evaluators will be utilized. The members of the scoring group will be 

selected to insure both individual diversity as well as balance by region and institutional 

classification. Every evaluator will participate in a training experience to enhance uniformity of 

scoring. 

 

The ASBMB will compile all scores, determine cutoffs for certification and certification with 

distinction, and report this information to students and their instructors. In addition, each 

program will receive a report of the aggregate scores achieved by their students on each question. 

Each school will also receive data on the average national performance for each question.  
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APPENDICES 

 

APPENDIX I 

 

SAMPLE LEARNING GOALS FOR CORE CONCEPT 1: ENERGY IS REQUIRED BY AND 

TRANSFORMED IN BIOLOGICAL SYSTEMS. 

 

Learning goals are categorized as introductory (A), intermediate (B) and advanced (C). 

 

Core concepts of energy and matter transformation  

 

1. The nature of biological energy  

Many forms of energy are involved in biological processes: light, chemical, conformational, mechanical and 

gradients. These forms can be understood in terms of the principles of thermodynamics. Energy is utilized for 

diverse purposes, such as the work required to synthesize biomolecules, create electrical and chemical 

gradients, perform mechanical work or stored within biomolecules.  

Associated learning goals 

• (A) Students should be able to compare and contrast biologically relevant forms of energy (e.g. kinetic 

energy versus potential energy, energy stored in bonds versus potential energy of concentration 

gradients).  

• (A) Students should be able to identify and explain instances when energy is converted from one form to 

another.  

• (A) Students should be able to write a general chemical reaction and the corresponding mathematical 

expression that approximates its equilibrium constant (Keq).  

• (B) Students should be able to explain the relationship between equilibrium constants and reaction rate 

constants. 

• (B) Students should be able to apply their knowledge of basic chemical thermodynamics to biologically 

catalyzed systems. 

• (C) Students should be able to account for energy changes in the intermediate steps that define a 

biological process and predict the spontaneity of the overall process or an intermediate step. 

• (C) Students should be able to explain the properties of biomolecules with high-energy transfer potential 

that make them suitable as energy currency.  

 

2. Catalysis 

Enzymes, which can be proteins or RNA, are macromolecules with catalytic functions. They do not alter 

reaction equilibria; instead, they lower the activation energy barrier of a particular reaction allowing it to 

proceed more rapidly. Key concepts of enzyme kinetics are typically defined in terms of the initial rate of 

product formation, Vo, and various catalytic kinetic parameters, such as Vmax or Kcat and Km, which are either 

mathematically defined for enzymes that follow Michaelis-Menten kinetics or defined empirically for more 

complicated enzyme models. 

Associated learning goals 

• (A) Students should be able to identify the factors contributing to the activation energy of a reaction. 

• (A) Students should be able to explain transition state stabilization.  

• (A) Students should be able to calculate the rate enhancement of an enzyme-catalyzed reaction. 

• (A) Students should be able to explain what a substrate is in terms of being a reactant. 

• (B) Students should differentiate between the activation energy, the free energy and standard free energy 

of a reaction. 
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• (B) Students should be able to use kinetic parameters to compare enzymes. 

• (B) Students should be able to distinguish the different forms of catalytic inhibition and explain how and 

why they differ. 

• (C) Students should be able to quantitatively model how catalyzed reactions occur and calculate kinetic 

parameters of enzymes from experimental data. 

• (C) Students should be able to explain how catalytic parameters vary as one varies substrate or enzyme 

concentration. 

• (C) Students should be able to interpret the physical meaning of various kinetic parameters and describe 

the underlying assumptions and conditions (such as steady state or equilibrium) on which different 

parameters depend. 

 

3. Energetic coupling of chemical processes in metabolic pathways 

Biochemical systems couple energetically unfavorable reactions with energetically favorable reactions. These 

reactions can be part of catabolic pathways where complex substances are broken into simpler ones with the 

release of energy or anabolic pathways where complex molecules are synthesized with an input of energy.  

Associated learning goals 

• (A) Students should be able to discuss the concept of Gibbs free energy and how to apply it to chemical 

transformations. 

• (A) Students should be able to explain how endergonic and exergonic pathways can be coupled and how 

this applies to metabolism. 

• (A) Students should be able to calculate the overall ΔG for a coupled reaction given the ΔG values for 

the component reactions. 

• (B) Students should be able to explain the simplifying assumptions made in biochemistry that are 

consistent with physiological conditions and make "biochemical standard conditions" (steady state) 

different from the standard conditions (equilibrium conditions) normally referred to in chemistry. 

• (B) Students should be able to predict how perturbing a system affects the actual free energy (both 

mathematically and conceptually). 

• (C) Students should be able to explain evolutionary conservation of key metabolic pathways. 

• (C) Students should be able to explain differences in energy use and production in different cells and 

different biological systems. 

• (C) Students should be able to explain the role of gene duplication in the evolution of energy production 

and utilization by different organisms.  
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APPENDIX II 

 

SAMPLE LEARNING GOALS FOR CORE CONCEPT 2: MACROMOLECULAR STRUCTURE 

DETERMINES FUNCTION AND REGULATION. 

 

Learning goals are categorized as introductory (A), intermediate (B) and advanced (C). 

 

Core concepts of macromolecular structure and function  

 

1. Biological macromolecules are large and complex 

Macromolecules are made up of basic molecular units. They include the proteins (polymers of amino acids), 

nucleic acids (polymers of nucleotides), carbohydrates (polymers of sugars) and lipids (with a variety of 

modular constituents). The biosynthesis and degradation of biological macromolecules involves linear 

polymerization, breakdown steps (proteins, nucleic acids and lipids) and may also involve 

branching/debranching (carbohydrates). These processes may involve multi-protein complexes (e.g. ribosome, 

proteasome) with complex regulation. 

Associated learning goals 

• (A) Students should be able to discuss the diversity and complexity of various biologically relevant 

macromolecules and macromolecular assemblies in terms of evolutionary fitness.  

• (A) Students should be able to describe the basic units of the macromolecules and the types of linkages 

between them. 

• (B) Students should be able to compare and contrast the processes involved in the biosynthesis of the 

major types of macromolecules (proteins, nucleic acids and carbohydrates). 

• (B) Students should be able to compare and contrast the processes involved in the degradation of the 

major types of macromolecules (proteins, nucleic acids and carbohydrates. 

• (C) Students should understand that proteins are made up of domains and be able to discuss how the 

protein families arise from duplication of a primordial gene. 

 

2. Structure is determined by several factors 

Covalent and non-covalent bonding govern the three dimensional structures of proteins and nucleic acids which 

impacts function. The amino acid sequences observed in nature are highly selected for biological function but 

do not necessarily adopt a unique folded structure. The structure (and hence function) of macromolecules is 

governed by foundational principles of chemistry such as: covalent bonds and polarity, bond rotations and 

vibrations, non-covalent interactions, the hydrophobic effect and dynamic aspects of molecular structure. The 

sequence (and hence structure and function) of proteins and nucleic acids can be altered by alternative splicing, 

mutation or chemical modification. Sequences (and hence structure and function) of macromolecules can evolve 

to create altered or new biological activities. 

Associated learning goals 

• (A) Students should be able to recognize the repeating units in biological macromolecules and be able to 

discuss the structural impacts of the covalent and noncovalent interactions involved. 

• (A) Students should be able to discuss the composition, evolutionary change and hence structural 

diversity of the various types of biological macromolecules found in organisms. 

• (A) Students should be able to discuss the chemical and physical relationships between composition and 

structure of macromolecules. 

• (B) Students should be able to compare and contrast the primary, secondary, tertiary and quaternary 

structures of proteins and nucleic acids. 

• (B) Students should be able to use various bioinformatics approaches to analyze macromolecular 

primary sequence and structure. 
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• (B) Students should be able to compare and contrast the effects of chemical modification of specific 

amino acids on a three dimensional structure of a protein. 

• (B) Students should be able to compare and contrast the ways in which a particular macromolecule 

might take on new functions through evolutionary changes. 

• (C) Students should be able to use various bioinformatics and computational approaches to compare 

primary sequences and identify the impact of conservation and/or evolutionary change on the structure 

and function of macromolecules. 

• (C) Students should be able to predict the effects of mutations on the activity, structure or stability of a 

protein and design appropriate experiments to assess the effects of mutations. 

• (C) Students should be able to propose appropriate chemical or chemical biology approaches to explore 

the localization and interactions of biological macromolecules. 

• (C) Students should be able to discuss how mutations of a duplicated gene generate functional diversity. 

• (C) Students should be able to evaluate chemical and energetic contributions to the appropriate levels of 

structure of the macromolecule and predict the effects of specific alterations of structure on the dynamic 

properties of the molecule. 

 

3. Structure and function are related 

Macromolecules interact with other molecules using a variety of non-covalent interactions. The specificity and 

affinity of these interactions are critical to biological function. Some macromolecules catalyze chemical 

reactions or facilitate physical processes (e.g. molecular transport), allowing them to proceed in ambient 

conditions. These processes can be quantitatively described by rate laws and thermodynamic principles, (e.g. 

collision theory, transition state theory, rate laws and equilibria, the effects of temperature and structure and 

chemical reactivity, Coulomb’s Law, Newton’s laws of motion, energy and stability, friction, diffusion, 

thermodynamics, and the concept of randomness and probability).  

Associated learning goals 

• (A) Students should be able to use mechanistic reasoning to explain how an enzyme or ribozyme 

catalyzes a particular reaction. 

• (A) Students should be able to discuss the basis for various types of enzyme mechanisms. 

• (B) Students should be able to calculate enzymatic rates and compare these rates and relate these rates 

back to cellular or organismal homeostasis.  

• (B) Students should be able to discuss various methods that can be used to determine affinity and 

stoichiometry of a ligand-macromolecule complex and relate the results to both thermodynamic and 

kinetic data. 

• (C) Students should be able to critically assess contributions to specificity in a ligand-macromolecule 

complex and design experiments to both assess contributions to specificity and test hypotheses about 

ligand specificity in a complex. 

• (C) Students should be able to predict the biological and chemical effects of either mutation or ligand 

structural change on the affinity of binding and design appropriate experiments to test their predictions. 

 

4. Macromolecular interactions 

The interactions between macromolecules and other molecules rely on the same weak, noncovalent interactions 

that play the major role in stabilizing the three-dimensional structures of the macromolecules themselves. The 

hydrophobic effect, ionic interactions and hydrogen bonding interactions are prominent. The structural 

organization of interacting chemical groups in a binding site or an active site lends a high degree of specificity 

to these interactions. The specificity and affinity of these interactions are critical to biological function. 

Associated learning goals 

• (A) Students should be able to discuss the impact of specificity or affinity changes on biological 

function and any potential evolutionary impact. 
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• (B) Students should be able to discuss the various methods that can be used to determine affinity and 

stoichiometry for a ligand-macromolecule complex and relate the results to both thermodynamic and 

kinetic data. 

• (B) Students should be able to discuss the interactions between a variety of biological molecules 

(including proteins, nucleic acids, lipids, carbohydrates and small organics, etc.) and describe how these 

interactions impact specificity or affinity leading to changes in biological function. 

• (C) Students should be able to predict the effects of either mutation or ligand structural change on the 

affinity of binding and design appropriate experiments to test their predictions. 

• (C) Students should be able to discuss the relationship between the temperature required for 

denaturation (Tm) and macromolecular structure. 

 

5. Macromolecular Structure is dynamic 

Macromolecular structure is dynamic over a wide range of time scales, and the dynamic structural changes, 

large and small, are often critical for biological function. Small changes can come in the form of localized 

molecular vibrations that can facilitate the access of small molecules to interior portions of the macromolecule. 

Large conformational changes can come in the form of the motions of different macromolecular domains 

relative to each other to facilitate catalysis or other forms of work. Proteins can contain intrinsically 

unstructured domains. The lack of structure in solution may facilitate a function in which interactions must 

occur promiscuously with several other molecules. The dynamic structure of macromolecules enables rapid 

changes that impact the homeostasis of biochemical and molecular biological processes 

Associated learning goals 

• (A) Students should be able discuss the time scales of various conformational effects in biological 

macromolecules and design (C) appropriate experiments to investigate ligand induced changes in 

conformation and dynamics. 

• (A) Students should be able to discuss the structural basis for the dynamic properties of macromolecules 

and predict the effects of changes in dynamic properties that might (C) result from alteration of primary 

sequence. 

• (C) Students should be able to predict whether a sequence is ordered or disordered (B) and discuss 

potential roles for disordered regions of proteins. 

• (C) Students should be able to critically discuss the evidence for and against the roles of dynamics in 

macromolecular function. 

 

6. The biological activity of macromolecules is often regulated 

The biological activity of macromolecules is often regulated in one or more of a variety of hierarchical ways 

(e.g. inhibitors, activators, modifiers, synthesis, degradation and compartmentalization). 

Associated learning goals 

• (A) Students should be able to compare and contrast various mechanisms for regulating the function of a 

macromolecule or an enzymatic reaction or pathway. 

• (B) Students should be able to discuss the advantages and disadvantages of regulating a reaction 

allosterically. 

• (B) Students should be able to discuss examples of allosteric regulation, covalent regulation and gene 

level alterations of macromolecular structure-function. 

• (C) Students should be to use experimental data to assess the type of regulation in response to either 

homotropic or heterotropic ligands on a macromolecule. 

• (C) Students should be able to design a model to explain the regulation of macromolecule structure-

function. 

• (C) Students should be able to describe how evolution has shaped the regulation of macromolecules and 

processes. 
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• (C) Students should be able to describe how changes in cellular homeostasis affect signaling and 

regulatory molecules and metabolic intermediates. 

 

7. The structure (and hence function) of macromolecules is governed by foundational principles of 

chemistry and physics 

Associated learning goals 

• (A) Students should be able to relate basic principles of rate laws and equilibria to reactions and 

interactions and calculate appropriate thermodynamic parameters for reactions and interactions. 

• (A) Students should be able to explain how a ligand, when introduced to a solution containing a 

macromolecule to which it can bind, interacts with the macromolecule. 

• (B) Students should be able to explain, using basic principles, the effects of temperature on an enzyme 

catalyzed reaction. 

• (B) Students should be able to discuss the dynamic properties of a macromolecule using foundational 

principles of physics. 

 

8. A variety of experimental and computational approaches can be used to observe and quantitatively 

measure the structure, dynamics and function of biological macromolecules 

Associated learning goals 

• (B) Students should be able to propose a purification scheme for a particular molecule in a mixture 

given the biophysical properties of the various molecules in the mix. 

• (B) Students should be able to either propose experiments that would determine the quaternary structure 

of a molecule or be able to interpret data pertaining to tertiary and quaternary structure of molecules. 

• (C) Students should be able to explain how computational approaches can be used to explore protein-

ligand interactions and discuss how the results of such computations can be explored experimentally. 

• (C) Students should be able to compare and contrast the computational approaches available to propose 

a three dimensional structure of a macromolecule and discuss how the proposed structure could be 

validated experimentally.  
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APPENDIX III 

 

SAMPLE LEARNING GOALS FOR CORE CONCEPT 3: INFORMATION STORAGE AND 

FLOW ARE DYNAMIC & INTERACTIVE. 

 

Learning goals are categorized as introductory (A), intermediate (B) and advanced (C). 

 

Core concepts of biological information 

 

1. The genome 

A genome is an organism’s complete set of DNA, including all of its genes. Each genome contains all of the 

information needed to build and maintain that organism. Some noncoding sequences enable our cells to produce 

different amounts of proteins at different times. For example, control sequences contain instructions to tell the 

cell how to switch genes on and off. Other noncoding sequences are part of genes but do not directly code for 

proteins. These are thought to help the cell generate a number of different proteins from one gene. More than 

half of the DNA in our genome is made up of repeated sequences, which appear to stabilize chromosomes; 

noncoding regions may have a role in spacing out the coding sequences so that they can be activated 

independently. 

Associated learning goals 

• (A) Students should be able to define what a genome consists of and how the information in the various 

genes and other sequence classes within each genome is used to store and express genetic information. 

• (A) Students should be able to discuss how the genome is organized and packaged in prokaryotes and 

eukaryotes.  

• (B) Students should be able to discuss tools used to study expression, conservation and structure of an 

organism at the genome level.  

• (B) Students should be able to explain the role of repetitive and non-repetitive DNA and how its relative 

abundance varies from prokaryotes to eukaryotes.  

 

2. Information in the gene: nucleotide sequence to biological function 

The information contained in the nucleotide sequence of a genome is organized into various elements, including 

coding regions, which contain three base codons coding for amino acids, which are transcribed to messenger 

RNA. The messenger RNA is translated to give the primary sequence of a protein and regulatory elements. The 

transcribed coding region for a given protein may contain introns and exons in eukaryotic cells. The amino acid 

sequence of a protein gives rise to biological function through stably folded regions and/or intrinsically 

disordered regions. 

Associated learning goals 

• (A) Students should be able to explain the central dogma of biology and relate the commonality of the 

process to all of life. 

• (A) Students should be able to explain the process of gene regulation connecting how extracellular 

signals can result in a change of gene expression.  

• (B) Students should be able to discuss how genes are organized and contrast the different approaches 

used in prokaryotic and eukaryotic organisms.  

• (B) Students should be able to explain how mRNA processing occurs and how splicing affects the 

diversity of gene products in eukaryotic organisms.  

 

3. Genome transmission from one generation to the next 

The primary concern of cell division is the maintenance of the original cell's genome. The genomic information 

that is stored in chromosomes must be replicated, and the duplicated genome must be separated cleanly between 

cells. Somatic cell lines are diploid (2n chromosome complement), and mitotic division normally results in two 
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daughter cells, each with chromosomes and genes identical to those of the parent cell. Germline cells, called 

gametes, are haploid (having the haploid or the n chromosomal complement) and reproduce by meiosis. 

Associated learning goals 

• (A) Students should be able to explain the differences of mitosis and meiosis and relate them to the 

process of cellular division.  

• (A) Students should be able to illustrate how DNA is replicated and (B) genes are transmitted from one 

generation to the next in multiple types of organisms including bacteria, eukaryotes, viruses and 

retroviruses.  

• (B) Students should be able to apply the concepts of segregation and independent assortment to traits 

inherited from parent to offspring and (C) discuss how they increase genetic variation. 

 

4. Genome maintenance 

Throughout its lifetime, the DNA in a cell is under constant metabolic and environmental assault leading to 

damage. The ultraviolet (UV) component of sunlight, ionizing radiation and numerous genotoxic chemicals, 

including the (by)products of normal cellular metabolism (e.g. reactive oxygen species such as superoxide 

anions, hydroxyl radicals and hydrogen peroxide), constitute a permanent enemy to DNA integrity. Hydrolysis 

of nucleotide residues leaves non-instructive abasic sites. Spontaneous or induced deamination of cytosine, 

adenine, guanine or 5-methylcytosine converts these bases to the miscoding uracil, hypoxanthine, xanthine and 

thymine, respectively. Left unchecked, the resulting genomic instability initiates cancer and other age-related 

disorders. Inherited or acquired deficiencies in genome maintenance systems contribute significantly to the 

onset of cancer. Over time, DNA accumulates changes that activate proto-oncogenes and inactivate tumor-

suppressor genes. Cells have evolved nucleotide- and base-excision repair mechanisms, homologous 

recombination, end joining, mismatch repair and telomere metabolism as mechanisms to maintain the integrity 

of the genome. 

Associated learning goals 

• (A) Students should be able to state how the cell ensures high fidelity DNA replication and identify 

instances where the cell employs mechanism for damage repair. 

• (A) Students should be able to explain what a mutation is at the molecular level, how it arises and (B) 

how it could potentially affect the organism from gene expression to fitness. 

• (B) Students should be able to construct relationships between chromosome and cellular structures (e.g. 

telomere, centromeres and centrosomes) and explain how these structures are responsible for and/or 

involved in genomic stability.  
• (C) Students should be able to relate how the cell cycle and genome maintenance are coordinated and 

how disruptions in this coordination could affect the organism.  

• (C) Students should be able to list events that result in genomic instability and explain how the cell 

responds to restore order and stability.  
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APPENDIX IV 

 

SAMPLE LEARNING OBJECTIVES FOR CORE CONCEPT 4: 

DISCOVERY REQUIRES OBJECTIVE MEASUREMENT,  

QUANTITATIVE ANALYSIS, AND CLEAR COMMUNICATION. 

 

Learning goals are categorized as introductory (A), intermediate (B) and advanced (C). 

 

1. Process of science  
The process of science combines creative ideas, experimentation and data analysis. Scientists develop a 

hypothesis and design and conduct appropriate experiments. Experimental results are analyzed and data 

interpreted using appropriate quantitative modeling and simulation tools. 

Associated learning goals 

• (A) Students should be able to accurately prepare and use appropriate volumes of reagents and perform 

the required experiments.  

• (B) When presented with an experimental observation, students should be able to develop a testable and 

falsifiable hypothesis. 

• (C) When provided with a hypothesis, students should be able to identify the appropriate experimental 

observations and controllable variables. 

• (A) Students should be able to determine averages and standard deviations to relate the significance of 

experimentally obtained data. 

• (B) Students should be able to use appropriate equations to analyze experimental data and obtain 

parameters. 

• (C) Students should be able to use equations and models to predict outcomes of experiments. 

 

2. Accessing, comprehending and communicating science 

Scientists access, assess and use available information and present data in appropriate contexts in a variety of 

ways at different levels. 

Associated learning goals 

• (A) Students should be able to identify, locate and use the primary literature. 

• (B) Students should be able to use databases and bioinformatics tools. 

• (C) Students, when provided with appropriate background information, should be able to identify 

consistencies and inconsistencies. 

• (A) Students should be able to explain the big picture aspects of current challenges in the molecular life 

sciences. 

• (B) Students should be able to use visual and verbal tools to explain concepts and data. 

• (C) Students should be able to translate science into everyday examples. 

 

3. Community of practice  

Science is interdisciplinary and relies on collaboration, effective teamwork, safety and ethical practices. 

Associated learning goals 

• (A) Students should explain the importance of and keep an accurate laboratory notebook. 

• (B) Given a case study, students should be able to identify both scientific and societal ethical aspects. 

• (C) Students should be able to explain cross-disciplinary concepts such as modularity, energy, modeling 

scientific phenomena, change over time and the differences between stochastic and deterministic 

phenomena.  

• (A) Students should be able to access and interpret safety information and conduct lab work safely and 

ethically. 

• (B) Students should be able to give and take directions to be an effective team member. 
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APPENDIX V 

 

SAMPLE LEARNING GOALS FOR EVOLUTION AND HOMEOSTASIS. 

 

Learning goals are categorized as introductory (A), intermediate (B) and advanced (C). 

 

Underlying Concept of Evolution 

Evolution plays a pervasive role in shaping the form and function of all biological molecules and organisms. 

 
1. The significance of evolution  

Evolution is genetic change within a population over time. Understanding evolutionary processes and the 

supporting evidence is an integral part of the molecular life sciences. It explains many present day issues, such 

as crop availability and pesticide resistance in agriculture, vaccine and drug development in medicine and 

regulatory mechanisms in cellular, developmental and behavioral biology. 

Associated learning goals 

• (A) Students should be able to describe evolution as genetic change in a population over time. 

• (B) Students should be able to analyze preexisting and novel data and relate the findings in light of 

evolution. 

• (C) Students should be able to relate evolution to concepts in biochemistry and molecular biology. 

 

2. Mechanisms of evolution 

Many mechanisms may drive evolution. These include mutation, migration (gene flow), genetic drift (chance 

changes from generation to generation) and natural selection. 

Associated learning goals 

• (A) Students should be able to explain how mechanisms of evolution cause variation within a 

population. 

• (B) Students should be able to distinguish between random and nonrandom evolutionary processes. 

• (C) Students should be able to demonstrate their understanding of the mechanisms of evolution to 

relevant issues, such as antibiotic resistance, the occurrence of genetic disorders or cancer therapeutics. 

 

3. Natural selection is a key evolutionary mechanism 

Evolution by natural selection results from differential reproductive success, where individuals with certain 

heritable traits are more successful. The fitness of an individual and its genotype is directly determined by its 

relative reproductive success. The fittest individuals will pass their genes to more offspring, driving the 

evolution of the population. In this way, the population becomes better-suited (adapted) to its environment. 

Multiple lines of evidence support evolution by natural selection, including the fossil record, homologies and 

direct observation in laboratory and field studies. 

Associated learning goals 

• (A) Students should be able to describe the process of natural selection. 

• (B) Students should be able distinguish between individual fitness and adaptation of populations. 

• (B) Students should be able to explain how selection of phenotypes affects genotype transmission. 

• (C) Students should be able to synthesize and evaluate supporting evidence for the theory of natural 

selection. 

 

4. The molecular basis of evolution 

Organismal traits are determined at the genetic and epigenetic level. Molecular modifications at these levels 

may determine the RNA and protein expression patterns in a cell, influencing the phenotype of the organism. 



     

 

23 

Genetic modifications can also arise from the acquisition of new genetic material via processes such as 

horizontal gene transfer, endosymbiosis and viral vector transfer. Transmission of these heritable alterations 

may lead to changes in the genetic composition of a population, thereby driving evolution. 

Associated learning goals 

• (A) Students should be able to explain how cells can acquire new genetic material. 

• (B) Students should be able to explain how mutations and epigenetic changes influence gene expression, 

structure and function of gene products and the fitness of an organism. 

• (C) Using genetic information, students should be able to categorize organisms and establish 

phylogenetic relationships. 

 

Underlying Concept of Homeostasis 

Homeostasis plays a pervasive role in shaping the form and function of all biological molecules and organisms. 

 

1. Biological need for homeostasis  

Biological homeostasis is the ability to maintain relative stability and function as changes occur in the internal 

or external environment. Organisms are viable under a relatively narrow set of conditions. As such, there is a 

need to tightly regulate the concentrations of metabolites and small molecules at the cellular level to ensure 

survival. To optimize resource use and to maintain conditions, the organism may sacrifice efficiency for 

robustness. Breakdown of homeostatic regulation can contribute to the cause or progression of disease or lead to 

cell death. 

Associated learning goals 

• (A) Students should be able to describe why maintenance of homeostasis is advantageous to an 

organism.  

• (B) Students should be able to define homeostasis in a biochemical context to both scientifically trained 

and lay audiences. 

• (B) Students should be able to describe how homeostatic pathways and mechanisms have been 

conserved throughout evolution.  

• (C) Students should be able to appraise the costs and benefits of different homeostatic mechanisms to an 

organism.  

• (C) Students should be able to relate different environmental factors necessitating homeostasis to a 

specific adaptation. 

 

2. Link steady state processes and homeostasis 

A system that is in a steady state remains constant over time, but that constant state requires continual work. A 

system in a steady state has a higher level of energy than its surroundings. Biochemical systems maintain 

homeostasis via regulation of gene expression, metabolic flux and energy transformation but are never at 

equilibrium. 

Associated learning goals 

• (A) Students should be able to explain that a system at chemical equilibrium (or just equilibrium) is 

stable over time, but no energy or work is required to maintain that condition. 

• (A) Students should be able to apply the principles of kinetics to describe flux through biochemical 

pathways. 

• (A) Students should be able to discuss a metabolic pathway in terms of equilibrium and Le Chatelier’s 

principle. 
• (B) Students should be able to relate the laws of thermodynamics to homeostasis and explain how the 

cell or organism maintains homeostasis.  

• (C) Students should be able to model how perturbations to the steady state can result in changes to the 

homeostatic state. 
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• (C) Students should be able to propose how resources stored in the homeostatic state can be utilized in 

times of need.  

 

3. Quantifying homeostasis  

Multiple reactions with intricate networks of activators and inhibitors are involved in biological homeostasis. 

Modifications of such networks can lead to activation of previously latent metabolic pathways or even to 

unpredicted interactions between components of these networks. These pathways and networks can be 

mathematically modeled and correlated with metabolomics data and kinetic and thermodynamic parameters of 

individual components to quantify the effects of changing conditions related to either normal or disease states. 

Associated learning goals 

• (A) Students should be able to describe experiments discussing how signaling and regulatory 

molecules and metabolic intermediates can be quantitated in the laboratory. 

• (A) Students should be able to relate concentrations of key metabolites to steps of metabolic 

pathways and describe the roles they play in homeostasis. 

• (B) Students should be able to calculate enzymatic rates and compare these rates and relate these 

rates back to cellular or organismal homeostasis.  

• (B) Students should explain that organismal homeostasis can be measured in multiple ways and over 

different time scales (seconds, minutes, hours, days and months). 

• (C) Students, given a metabolic network and appropriate data, should be able to predict the 

outcomes of changes in parameters of the system such as increased concentrations of certain 

intermediates or the changes in the activity of certain enzymes.  

 

4. Control mechanisms 

Homeostasis is maintained by a series of control mechanisms functioning at the organ, tissue or cellular level. 

These control mechanisms include substrate supply, activation or inhibition of individual enzymes and 

receptors, synthesis and degradation of enzymes, and compartmentalization. The primary components 

responsible for the maintenance of homeostasis can be categorized as stimulus, receptor, control center, effector 

and feedback mechanism. 

Associated learning goals 

• (A) Students should be able to discuss how chemical processes are compartmentalized in the organism, 

organ and the cell. 

• (A) Students should be able to explain why biochemical pathways proceed through the intermediates 

that they do (gradual oxidation or reduction) and why pathways share intermediates.  

• (A) Students should be able to summarize the different levels of control (including reaction 

compartmentalization, gene expression, covalent modification of key enzymes, allosteric regulation of 

key enzymes, substrate availability and proteolytic cleavage) and relate these different levels of control 

to homeostasis.  

• (A) Students should be able to compare the temporal aspect of different control mechanisms (e.g. how 

quickly phosphorylation occurs versus changes in gene expression).  

• (B) Students should be able to hypothesize why and how organs evolved with specialized function in 

metazoans.  

• (B) Students should be able to discuss different models of allosteric regulation.  

• (C) Students should be able to formulate models relating changes in flux through a pathway to other 

pathways and overall homeostasis.  

• (C) Students should be able to defend why anabolic and catabolic pathways are compartmentalized in 

the cell.  
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5. Cellular and organismal homeostasis 

Homeostasis in an organism or colony of single celled organisms is regulated by secreted proteins and small 

molecules often functioning as signals. Homeostasis in the cell is maintained by regulation and by the exchange 

of materials and energy with its surroundings. 

Associated learning goals 

• (A) Students should be able to describe how the cell and organism store resources (both in terms of 

stored energy and chemical building blocks) for times of need and how they mobilize these resources.  

• (B) Students should be able to integrate homeostasis from the cellular to the organismal level. In other 

words, students should be able to describe how a complex metazoan can have both a cellular and 

organismal response to maintain homeostasis.  

• (B) Students should be able to compare and contrast homeostasis in different organisms. 

• (C) Students should be able to describe homeostasis at the level of the cell, organism or system of 

organisms and hypothesize how the system would react to deviations from homeostasis. 

 

 

 

 

 

 

  


