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BIOCHEMISTRY - CLUTCH
CH. 3 - AMINO ACIDS
CONCEPT: AMINO ACID GROUPS
●Recall: 20 amino acids, called ____________ (or α) amino acids, differ by their R-groups & are used to build proteins.
□ Grouped based on the chemical characteristics of their ____-groups at physiological pH.
□ Common backbone of every amino acid is a _________ ion at physiological pH.
EXAMPLE:

Amino Acid Groups
●Amino acid R-groups can be grouped in many ways & some textbooks do it differently because it’s __________.
□ ___________ groupings (ex. basic/acidic, polar/nonpolar) & ___________ groupings (ex. aromatic or aliphatic).
□ Some amino acids can be categorized into ___________ groups.
EXAMPLE:

PRACTICE: Which of the following is not an example of a structural grouping of amino acids?
a) Hydrophobic.
b) Sulfur-containing.
c) Aromatic.
d) Aliphatic.
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BIOCHEMISTRY - CLUTCH
CH. 3 - AMINO ACIDS
CONCEPT: AMINO ACID THREE LETTER CODE
●For convenience, amino acids can be abbreviated in two different ways:
1) a ___-letter-code.

2) a ___-letter-code.

□ Abbreviations are commonly used & were designed to be easily ________________.
3-Letter Amino Acid Code
●Most 3-letter abbreviations are simply the first ____ letters of the amino acid.
●______ of the 3-letter abbreviations are slightly altered to help identify them ______________ (by sound of speech).
EXAMPLE:

Asparagine = Asn

Glutamine = Gln

Tryptophan = Trp

Isoleucine = Ile

Asn

PRACTICE: Match the amino acids to their appropriate 3-letter-code.
1. Gln

2. Ile
Asparagine ____
Glutamine ____

3. Glu

4. Trp

Glutamate ____
Isoleucine ____

5. Asn

6. Leu

Leucine ____
Tryptophan ____

PRACTICE: Convert the following amino acids into their 3-letter codes: Glycine, Isoleucine, Valine, Tryptophan, Proline.
a) Gly, Ile, Val, Try, Pro.

c) Gly, Ile, Val, Trp, Pro.

b) Gly, Iso, Val, Trp, Pro.

d) Gly, Ile, Val, Try, Pro.
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BIOCHEMISTRY - CLUTCH
CH. 3 - AMINO ACIDS
CONCEPT: AMINO ACID ONE LETTER CODE
Phonetic 1-Letter Amino Acid Codes
●8 out of 20 of the one-letter abbreviations are ___________ in origin.
EXAMPLE:

Waldo

PRACTICE: Which of the following amino acid 1-letter symbols is of phonetic origin?
a) E.

b) K.

c) T.

d) C.

Other 1-Letter Codes
●For amino acids with _________ 1st letters, their one-letter-symbol is their 1st letter.
●Some amino acid 1st letters are not unique but are still used because they are more ___________.
□ For example, overall leucine is more common than lysine in proteins, so leucine’s symbol = ___.
●Only a few letters remained in the alphabet, so “___” was chosen for Lysine since its closest to L in the alphabet.
EXAMPLE: Fill-in the Amino Acid 1-letter Symbols.

PRACTICE: Which 1-letter-code is unique in that it is neither the first letter of the amino acid nor phonetic in origin?
a) I.

b) L.

c) K.

d) G.

e) T.
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BIOCHEMISTRY - CLUTCH
CH. 3 - AMINO ACIDS
CONCEPT: AMINO ACID ONE LETTER CODE
PRACTICE: Convert the following amino acids into their 1-letter codes: Glycine, Isoleucine, Valine, Tryptophan, Proline.
a) G, I, V, T, P.

c) G, L, V, W, P.

b) L, I, V, Y, P.

d) G, I, V, W, P.

PRACTICE: Complete the amino acid abbreviation chart below from memory.

PRACTICE: Convert the following 3-letter amino acid codes into 1-letter codes to answer the following question:
How does NASA organize a party?
Thr-His-Glu-Tyr-Pro-Leu-Ala-Asn-Glu-Thr.

PRACTICE: Convert the following 3-letter amino acid codes into 1-letter codes to reveal the sentence.
Ile-Leu-Ile-Lys-Glu-Cys-Ala-Asn-Asp-Tyr !

PRACTICE: Match the amino acid with the appropriate 1-letter-code.
Tyrosine ____
Glutamine ____
Glutamic Acid ____
Proline ____
Tryptophan ____
Phenylalanine ____

1. W
2. P
3. F
4. Y
5. Q
6. E
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CONCEPT: AMINO ACID CONFIGURATION
●All α-amino acids (except glycine) are ___________ & biochemists use __________ convention for amino acid chirality.
□ Emil Fischer’s convention: ___ & ___ refer to the configuration of the chiral carbon.
●Life almost exclusively uses ___-amino acids for their proteins.
□ All L-amino acids (except for ___________) have an S-configuration.
□ Chiral Center __________: R-group is always priority # ___ (except Cys’s R-group = priority # 2).
EXAMPLE: Two Methods to Determine L/D Configuration of Amino Acids.

PRACTICE: Which of the following statements is true?
a) Life predominantly uses D-amino acids to build proteins.
b) Except for Ser, life predominantly uses S-amino acids to build proteins.
c) All L-amino acids have an S configuration.
d) Life almost exclusively uses L-amino acids to build proteins.
Other L-Amino Acid Representations
●There are several ways to represent L-amino acids:
EXAMPLE:

Rotate

Rotate

Flip

PRACTICE: Which of the following shows an L-amino acid?
a)

b)

c)

d)
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CONCEPT: ESSENTIAL AMINO ACIDS
Essential vs. Nonessential Amino Acids
●_______________ amino acids: cannot be generated by the organism & must be consumed in the diet for survival.
●_______________ amino acids: can be generated by the organism from other reactants & do not need to be consumed.
EXAMPLE: Essential Amino Acids.

PRACTICE: Which of the following amino acids is essential for humans?
a) E

b) C

c) Y

d) W

PRACTICE: Which of the following is a non-essential amino acid for humans?
a) S

b) T

c) K

d) H

PRACTICE: Deficiency in which of the following amino acids would be most detrimental?
a) I

b) G

c) P

d) A

PRACTICE: Circle all the essential amino acids in the chart below.
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CONCEPT: NONPOLAR AMINO ACIDS
●Nonpolar amino acids: contain R-groups that are largely ____________ due to lack of terminal electronegative atoms.
□ Includes: Gly, Ala, Val, Leu, Ile, Met, & Pro.
□ _______________ structures are nonpolar/hydrophobic.
●Recall: amino acid groupings are relative & can _____ from textbook to textbook.
□ Other amino acids might be grouped as nonpolar in your textbook, but we’ve grouped them elsewhere.
EXAMPLE:

PRACTICE: Draw in the R-groups from memory for each of the nonpolar amino acids.

PRACTICE: Fill-in the missing R-groups for the following tripeptide: L-A-M.
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CONCEPT: AROMATIC AMINO ACIDS
●Aromatic amino acids all have _________ rings.
□ Includes Phe, Tyr, & Trp.
EXAMPLE:

PRACTICE: Draw in the R-groups from memory for each of the aromatic amino acids.
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CONCEPT: POLAR AMINO ACIDS
●Polar amino acids: contain R-groups that are ____________ due to presence of terminal electronegative atoms.
□ Polar amino acids contain ___________-bonding groups.
□ Includes Ser, Thr, Cys, Asn & Gln.
EXAMPLE:

PRACTICE: Draw in the R-groups from memory for each of the polar amino acids.
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CONCEPT: CHARGED AMINO ACIDS
●Charged amino acids: amino acids with R-groups that are electrically ___________ at physiological pH.
□ _____ groups of charged amino acids:
1) Negatively charged (Acidic)

2) Positively charged (Basic)

Acid

Negatively Charged/Acidic Amino Acids

●Acidic amino acids: contain acidic R-groups that donate H+, resulting in a ____________ charge.
□ Includes Asp & Glu.
●Presence of _____________ acids in the R-groups render these amino acids ________.
EXAMPLE:

H+

H+

Positively Charged/Basic Amino Acids
●Basic amino acids: contain basic R-groups that accept H+, resulting in a ____________ charge.
□ Includes Lys, Arg, & His.
●Presence of ionizable _____________ in the R-groups render these amino acids ________.
EXAMPLE:
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CONCEPT: CHARGED AMINO ACIDS
Grouping Charged Amino Acids as Acids or Bases
●Recall:

1) Acids ___________ H+.

2) Bases ____________ H+.

●Question: Why aren’t positively-charged amino acids (K, R, H) grouped as acidic if they have “extra” H’s to donate?
□ Acid/base groupings of amino acids are defined by behaviors under _________________ conditions (pH ~7).
EXAMPLE:

Acid

H+

Basic

H+

PRACTICE: Draw in the R-groups from memory for each of the charged amino acids at physiological pH.
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CONCEPT: CHARGED AMINO ACIDS
PRACTICE: Fill-in the missing R-groups for the following peptide from memory: H-E-K. Circle the acidic amino acids.

PRACTICE: Which of the following amino acids does not have a basic R-group?
a) H
b) S
c) R
d) K

PRACTICE: Circle all the following amino acids with a basic R-group.
a) Asp

b) Lys

c) A

d) E

e) Asn
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CONCEPT: HOW TO MEMORIZE AMINO ACIDS
●Great ways to memorize amino acids include:
1) Watch Clutch Prep Biochem videos!

2) Print & fill out this page ~3 times!

EXAMPLE:

Acid

PRACTICE: Fill-in the missing R-groups for the following peptide from memory: D-I-F-C-R-Q.

PRACTICE: Which of the 20 standard amino acids can be grouped into the following categories?
a) Contain cyclic/ring structures.

b) Sulfur-containing.
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CONCEPT: HOW TO MEMORIZE AMINO ACIDS
PRACTICE: Fill-in the blanks & R-groups for each of the α-amino acids from memory.
___ , __

_ _ _

___ , __

___ , __

___ , __

___ , __

___ , __

___ , __

____

___ , __

___ , __

___ , __

__ __ __

___ , __

___ , __

___ , __

___ , __

___ , __

__ __ __ __ __

___ , __

___ , __

___ , __

___ , __

___ , __

__ __ __ __ __

Fill in the blanks below with the essential amino acids.
____, ____, ____, ____, ____, ____, ____, ____, ____

Page 15

BIOCHEMISTRY - CLUTCH
CH. 3 - AMINO ACIDS
CONCEPT: HOW TO MEMORIZE AMINO ACIDS
PRACTICE: Match the amino acid to the type of R-group it has:
Leu ____
E ____
K ____
Ser ____
C ____
W ____

1. Hydroxyl-containing
2. Acidic
3. Basic
4. Sulfur-containing
5. Nonpolar aromatic
6. Nonpolar aliphatic

PRACTICE: Name the amino acids that contain each of the following in their R-groups:
a) Hydroxyl group: __________________

e) Sulfur atom: __________________

b) 2nd chiral carbon: __________________

f) Amino group: __________________

c) Amide group: __________________

g) Acidic group: __________________

d) Basic group: __________________

h) Aromatic ring: __________________

Page 16

BIOCHEMISTRY - CLUTCH
CH. 3 - AMINO ACIDS
CONCEPT: ZWITTERION
●Common backbone of every free amino acid is predominantly a __________ at physiological pH (~7).
□ Zwitterion: dipolar molecules bearing two groups of ____________ charge.
□ Charges are a result of acid/base reactions (___ transfers).
EXAMPLE:

PRACTICE: Which shows the proper structure of Leu at physiological pH?
a)

b)

c)

d)

Determining Predominant Amino Acid Structure
●Recall: pKa is a measure of the strength of an acidic ____________; the greater the pKa, the ___________ the acid.
●Independently __________ each pKa to the pH to determine the predominant amino acid structure at any given pH.
□ α-Amino groups have pKa values that are ~_____ to ~10.5.
□ α-Carboxyl groups have pKa values that are ~_____.
EXAMPLE: Fill-in the blanks & determine the predominant amino acid structures & net charges at the given pHs.

Predominant structures:
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CONCEPT: ZWITTERION
EXAMPLE: At pH 2, which is the predominant structure of Val? (pKa1 = 9.62, pKa2 = 2.32).
a)

b)

d)

c)

PRACTICE: Fill in the groups for the predominant structure of Ala at pH 13?

PRACTICE: Fill in the appropriate groups for Asp at pH 4.3.

PRACTICE: Draw the predominant structure of Arg at pH 6.5? (pKa1 = 9.04, pKa2 = 2.17, pKa3 = 12.48).

PRACTICE: At what pH would an amino acid bear both a neutral -COOH and a -NH2 group?
a) Between pH 0-5.

b) Between pH 5-9.

c) Between pH 9-14.

d) Not likely to occur at any pH.
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CONCEPT: NON-IONIZABLE VS IONIZABLE R-GROUPS
●Non-ionizable R-Groups: ___________ groups _________ acid/base reactions (H+ transfers).
□ Only have ____ pKa values (R-group does _____ have a pKa).
□ ____ amino acids have non-ionizable R-groups.
●Ionizable R-Groups: __________ group resulting from acid/base reactions (H+ transfers).
□ Have ____ pKa values (R-group does have a pKa; R-group pKa sometimes called pKR).
□ Capable of forming _______ bonds.
EXAMPLE: Total the number of amino acids in each of the indicated ionization groups.
____
____

____

____
____

PRACTICE: Which pair of amino acids could form an ionic bond between the R-groups?
a) Asp & Glu

b) Gly & Leu

c) His & Arg

d) Cys & Lys

Memorizing Ionization of R-Groups
●Only ___ amino acids have ionizable R-groups.
□ Includes all charged amino acids plus _____ (__) & _____ (__).
EXAMPLE:
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BIOCHEMISTRY - CLUTCH
CH. 3 - AMINO ACIDS
CONCEPT: ISOELECTRIC POINT
●_____________ point (pI): exact ____ at which a molecule has no net charge (+ & - balanced means net charge = ____).
●pI is always the midpoint between the _____ pKa’s for the _____ ionizations involving the neutral species.
□ More acidic amino acids have more acidic ____ values.
□ When pH = pI of a molecule, the molecule will _____ migrate in an electric field.
□ pI is a useful property in __________________: the separation of net-charged-proteins with an electric field.
pI of Amino Acids with Non-Ionizable R-groups
●Isoelectric point can be easily calculated using the ______ values of a molecule.
□ Amino acid pI is simply the __________ of the appropriate two pKa values.

EXAMPLE: Calculate the isoelectric point of Val. pKa1 = 9.62. pKa2 = 2.32.
a) 7.23
b) 7.3
c) 5.97
d) 11.94
PRACTICE: Draw the structure of Leu and determine its pI. pKa1 = 9.6. pKa2 = 2.4.
a) 7.59
b) 6.0
c) 3.91
d) 5.5
PRACTICE: At any pH below the pI, the population of amino acids in solution with non-ionizable R-groups will have:
a) a net negative charge.
b) a net positive charge.
c) no charged groups.
d) no net charge.
e) positive and negative charges in equal concentrations.
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BIOCHEMISTRY - CLUTCH
CH. 3 - AMINO ACIDS
CONCEPT: ISOELECTRIC POINT OF AMINO ACIDS WITH IONIZABLE R-GROUPS
●Amino acids with ionizable R-groups have _____ pKa values, but pI is still an average of only _____ pKa values.
□ Question: So how do you know which pKa values to average?
1) Know the net charge of the protonated & deprotonated forms of ___________ R-groups.
2) Order the 3 pKa values from _________ to largest & use the middle pKa as a guide.
3) Determine net ________ of predominate amino acid structures at any pH between adjacent pKa values.
4) Average _____ pKas: the middle pKa with the pKa closest to the pH that gives a neutral net charge.
EXAMPLE: Calculate the isoelectric point of Tyr. pKa1 = 9.1. pKa2 = 2.2. pKR = 10.1.

a) 7.48
b) 3.22
c) 6.96
d) 5.65
PRACTICE: What is the pI of His?
a) 7.59
b) 6.58
c) 3.91
d) 5.5

PRACTICE: Electrophoresis separates molecules by migration through a gel only if they have a net charge. How do you
expect an amino acid to migrate during electrophoresis when the pH = pI?
a) Migrate from the (-) end to the (+) end.

b) Migrate from the (+) end to the (-) end.

c) No migration.
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BIOCHEMISTRY - CLUTCH
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CONCEPT: ISOELECTRIC POINT OF AMINO ACIDS WITH IONIZABLE R-GROUPS
PRACTICE: Draw Glu and calculate its isoelectric point. pKa1 = 9.67. pKa2 = 2.19. pKR = 4.25.
a) 7.48
b) 3.22
c) 6.96
d) 5.93

PRACTICE: Calculate Cys’s pI.
a) 2.3
b) 3.14
c) 5.05
d) 6.05

PRACTICE: Calculate the pI of Arg. pKa1 = 9. pKa2 = 2.2. pKR = 12.5.
a) 1.9
b) 10.75
c) 3.6
d) 12.5

PRACTICE: Calculate the pI of Asp.
a) 1.4
b) 3
c) 5.95
d) 6.85
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BIOCHEMISTRY - CLUTCH
CH. 3 - AMINO ACIDS
CONCEPT: TITRATIONS OF AMINO ACIDS WITH NON-IONIZABLE R-GROUPS
●All amino acids are ____________ acids (multiple acidic hydrogens) with multiple pKa values.
□ _______________ points (or midpoints) correspond to each ______ value.
□ _______________ points (or endpoints) represent the point of neutralization of an acid.
EXAMPLE: Titration Curve Review.
What does the pink line represent?
____________ point of ___________ group. (No more COOH).
Alanine

What do the blue dot & lines represent?
__________ & pKa of ________ group.

pKa2 = 9.7

What do the light blue boxes represent?
Effective ___________ ranges.
(±1 of pKa).
What does the red line represent?
____________ point of _______ group.
(No more NH3+).

What do the yellow dot & line represent?
___________ point (pI). Ala’s net charge = ___
pKa1 = 2.4

What does the black curve represent?
__________ titration curve.

What do the green dot & lines represent?
__________ & pKa of ___________ group.

Drawing Amino Acids with Nonionizable R-Groups from Titration Curves
●For all amino acids with non-ionizable R-groups: 1) the pI is found at the ___________ group equivalence point.
2) Titration curves only have ___ inflection/equivalence points.
EXAMPLE: Draw the predominate structure of Ala at each colored region of its titration curve and calculate its pI.
Alanine
pKa2 = 9.7

pI = ____
pKa1 = 2.4

Net Charge = _______

Net Charge at pKa1 = _______

Net Charge = _______

Net Charge at pKa2 = _______

Net Charge = _______
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BIOCHEMISTRY - CLUTCH
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CONCEPT: TITRATIONS OF AMINO ACIDS WITH NON-IONIZABLE R-GROUPS
PRACTICE: Draw the predominate structures of Leu at each of the indicated sections (1, 2, 3) on its titration curve.
1

Structure 1

Structure 2

Structure 3

2

3

PRACTICE: Calculate the pI of Ile using its titration curve. Mark the approximate position of the pI on the titration curve.

pKa2 = 9.6

pKa1 = 2.4
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BIOCHEMISTRY - CLUTCH
CH. 3 - AMINO ACIDS
CONCEPT: TITRATIONS OF AMINO ACIDS WITH NON-IONIZABLE R-GROUPS
PRACTICE: Identify the region(s) on glycine’s titration (I, II, III, IV, or V) that corresponds with each statement below:
a) Region where Gly predominant species has net charge of +1. ________
b) Region where the average net charge of Gly is +½. ________
c) Region where ½ of Gly’s amino groups are ionized. ________
d) Region where the pH = pKa of carboxyl group. ________
e) Region where the pH = pKa of amino group. ________
f) Regions where Gly has its maximum buffering capacity. _____________
g) Region where the average net charge of Gly is 0. ________
h) Region where Gly’s carboxyl group has been completely titrated. ________
i)

Region where Gly has been completely titrated. ________

j)

Region where Gly’s predominant species is a zwitterion. ________

k) Region where the average net charge of Gly is -1. ________
l)

Region where Gly is a 50:50 mixture of protonated & deprotonated carboxyl group. ________

m) Region indicating Gly’s isoelectric point (pI). ________
n) Region indicating the end of Gly’s titration. ________
o) Regions where Gly has poor buffering power. ____________________
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BIOCHEMISTRY - CLUTCH
CH. 3 - AMINO ACIDS
CONCEPT: TITRATIONS OF AMINO ACIDS WITH IONIZABLE R-GROUPS
●Amino acids with ionizable R-groups have ____ inflection/equivalence points.
EXAMPLE: Titration Curve Review of Amino Acid with Ionizable R-Group.
What does the pink line represent?
__________ point of ___________ group. (No more COOH).

What does the yellow line represent?
__________ point of ___-group. (No more _______ R-group).

What do the orange dot & lines represent?
__________ & pKa of _______ group.

What does the light blue line represent?
__________ point of ________ group.
(No more NH3+).

What do the blue dot & lines represent?
__________ & pKa of ___-group.
What does the black curve represent?
___________ titration curve.

What do the green dot & lines represent?
__________ & pKa of ___________ group.

Drawing Amino Acids with Ionizable R-Groups from Titration Curves
●pI will always be equal to the equivalence point that allows the ______________ of a net charge.
EXAMPLE: Draw the predominate structure of His at each colored region of its titration curve & calculate its pI.
pH

< Carboxyl pKa < pKR < Amino pKa

Carboxyl pKa

< pKR < Amino pKa < pH

pI = ____

Net Charge = _______

Carboxyl pKa

Net Charge = _______

< pH < pKR < Amino pKa

Net Charge = _______

Carboxyl pKa

< pKR < pH < Amino pKa

Net Charge = _______
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CONCEPT: TITRATIONS OF AMINO ACIDS WITH IONIZABLE R-GROUPS
PRACTICE: A) Determine the pI of Glu & mark it on the provided titration curve.
a) 6.96
b) 5.93
c) 7.48
d) 3.22

B) Use the titration curve to draw the predominate structures of Glu at pH = 1.0, pH = 3.0, pH = 7.0, & pH = 11.0.
Glu at pH = 1.0

Glu at pH = 3.0

Glu at pH = 7.0

Glu at pH = 11.0

PRACTICE: Draw the predominate structures of K at the indicated sections of its titration curve. Mark the pI on the curve.
R

Red

Blue

Yellow

Purple
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CONCEPT: TITRATIONS OF AMINO ACIDS WITH IONIZABLE R-GROUPS
PRACTICE: Label each arrow on Asp’s titration curve & draw its predominate structure at each colored region.
____

A) Amino group pKa.
B) Carboxyl group pKa.

____

C) R-group pKa (pKa = 3.9).

____

D) Amino group equivalence point.
E) Carboxyl group equivalence point.

____

____

____

F) R-group equivalence point.

Net Charge = _______

Net Charge = _______

Net Charge = _______

Net Charge = _______
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BIOCHEMISTRY - CLUTCH
CH. 3 - AMINO ACIDS
CONCEPT: AMINO ACIDS AND HENDERSON-HASSELBALCH
●Recall: Henderson-Hasselbalch equation expresses relationship between pH & ______.
□ Used to determine: 1) final _____ of a weak acid solution after it reaches equilibrium.
2) _______ of [conjugate base] to [conjugate acid] when given pH.
●Henderson-Hasselbalch equation is applied independently to each ________________ group of an amino acid.
□ [conjugate base] to [conjugate acid] ratio can be used to calculate average net __________ of ionizable groups.

EXAMPLE: Calculate the percentage of NH3+ in the R-group of Lysine at pH 9.8. (Lys pKR = 10.8).
a) 66%
b) 91%
c) 74.8%
d) 32%
PRACTICE: At pH 11.8, what is the % of protonated amino group in the R-group of Lysine. (Lysine’s pKR = 10.8)?
a) 9%
b) 45%
c) 3%
d) 86%
PRACTICE: Draw Glu & calculate the % of -COOH in the R-group of Glu at pH 3.2. (Glu pKR = 4.1).
a) 88.8%
b) 58.1%
c) 97.3%
d) 21.6%
PRACTICE: Draw Asp & calculate the pH at which two thirds (2/3) of Asp’s R-group is dissociated. (Asp pKR = 3.9).
a) 4.2
b) 3.5
c) 7.4
d) 8.9
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CONCEPT: AMINO ACIDS AND HENDERSON-HASSELBALCH
PRACTICE: Draw Arg & calculate the pH at which 23% of Arg’s R-group is dissociated. (Arg pKR = 12.5).
a) 11.98
b) 9.93
c) 8.41
d) 12.67
PRACTICE: What is the ratio of [conjugate base] to [conjugate acid] for each of Histidine’s three ionizable groups at pH 7?
A) Amino group ratio: ________________

B) Carboxyl group ratio: ________________

C) R-group ratio: ________________

D) Use the ratios above to determine the average net charges of the ionizable groups & the entire His molecule at pH 7.
1. Net charge of Amino groups: ____________

2. Net charge of Carboxyl groups: ____________

3. Net charge of R-groups: ____________

4. Net charge of His: ____________
(Hint: sum previous 3 charges).
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