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Periodical classification of the elements with molar masses.
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Electronegativities of the elements.

Selection of ionic radii (in pm).

Inorganic biochemistry of copper (8 points)
Copper is a transition metal with two possible redox states, Cu(II) and Cu(I). In nearly all
organisms copper is involved in many biological processes. For example copper serves as a
protection against oxidative stress; it can contribute to the transport of other metals such as iron; or
it is involved in cell growth, respiration, or blood clotting. Copper homeostasis is thus very
important, and copper dishomeostasis leads to serious diseases.
In the intestines the main transport mechanism for copper ions present in food involves CTR1, a
transmembrane protein located in the membrane of enterocytes. After crossing the membrane the
Cu ions are transported in the cytosol by copper chapperones such as Atx1 or Ccs. Atx1 either
brings copper to the Golgi apparatus where proteins needing copper are folded and receive their
metal load, or to copper export pump such as ATP7A that will excrete the copper ions into the
blood stream. Another copper chaperone, Ccs, transports copper ions from CTR1 to cytosolic
superoxide dismutase (SOD1, also called Cu-Zn SOD). In the blood copper is transported in a
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bound form; in humans two proteins, albumin and ceruloplasmin, fulfill this function; a small
fraction of histidine-bound copper is also present. Copper is transported to the liver where it enters
hepatocytes again via CTR1. Once in hepatocytes, copper ions are either used for the synthesis of
copper-containing proteins, or pumped out by the efflux pump ATP7B, upon which excess copper
is excreted into the bile.
1) Give two reasons why copper ions need a transmembrane protein to cross membranes. (0,25
point)
2) What is the biochemical function of superoxide dismutase, and which role does zinc ad
copper play in this protein? (0,25 point)
3) What differentiates, biologically and chemically speaking, SOD1 from SOD2 and SOD3?
(0,25 point)
There is a single, low-resolution (7 Å) X-ray structure of the human copper transporter CTR1,
which shows a trimeric structure with a conical pore in its central 3-fold axis (Figure 1, left).
Electron microscopy data on a 2D crystal of the protein in a supported membrane confirm the pore
structure with a 6 Å resolution (Figure 1, right). The pore is made of 9 transmembrane alpha
helices, thus each monomer has 3 transmembrane helices. The extracellular side of the pore has a
diameter of ~8 Å while the intracellular end is much wider with an aqueous cavity measuring 22 Å.
The surface of the central pore of CTR1 shows multiple methionine residues in close proximity. In
particular MXXXM motives can be found near the extracellular end on the second transmembrane
strand. Mutants where the extracellular methionines M150 and M154 where changed resulted in
greatly reduced copper uptake. In the yeast Saccharomyces cerevisiae, which contains next to the
CTR1 copper transporter a plasma membrane reductase, Frep1, I t was shown that 50-70% of the
uptake of 64Cu depends on the presence of the Frep1 reductase. Still in yeast, it was also shown that
ascorbate suppresses the dependence of 64Cu uptake on plasma membrane reductase activity. Ag+
ions inhibit copper transport via CTR1, whereas Zn2+ and Cd2+ do not. In contrast to transporters
such as the divalent metal transporter 1 (DMT1), which transports Fe2+, Mn2+, Zn2+ and other
divalent metal ions, CTR1 is specific for copper. Finally, no ATP-binding domain could be
identified in the sequence of CTR1.
4) In which oxidation state is copper transporter by CTR1? Give at least 3 chemical arguments.
(0,25 point)
5) Next to Atx1 or Ccs cite at least two biological ligands that are expressed at high
concentrations in the cytosol and could coordinate/transport copper ions in the same
oxidation state. Which ones? (0,25 point)
6) For most transmembrane transporters an internal repeat in the primary amino acid sequence
corresponds to a pseudo two-fold symmetry within each monomer. A pathway for substrates
is usually formed along the axis of pseudo twofold symmetry of the protein. In the few
examples where a pseudo two-fold symmetry is not present in the 3D structure (the Na+/H+
antiporter NhaA, the Ca2+ ATPase, or the glutamate transporter homologue Glt) an
independent pathway for substrates is still formed within the monomer of the protein. In
contrast, the function of the CTR1 copper transporter depends on the trimeric organization
of CTR1 and differs from the design of canonical transporters. Give at least two chemical
properties that fundamentally differentiate Ca2+ and Cu2+ ions. (0,25 point)
7) Why can’t CTR1 be a high-flux channel like Ca2+ ATPase? (0,25 point)
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Figure 1. Left: The three dimensional structure of CTR1 from an X-ray crystal structure. A a side
view. B Top view from the extracellular side. C D E cross secions trough the membrane domain
making the conical structure clearly visible, with C being the extracellular side D the middle of the
bilayer and E the Intracellular side.
CTR1 contains three well-defined structural domains: the N-terminal extracellular domain, a
transmembrane domain, and the C-terminal cytosolic domain.
The wild type (WT) variant of N-terminal hydrophilic domain CTR1_N was expressed in bacteria,
as well as three mutations MutA, MutB, and MutC. The mutations consisted in replacing
methionine by alanine residues, as indicated in Figure 2. Titration of [Cu(CH3CN)4](PF6) into the
WT, MutA, and MutB variants of CTR1_N led to the appearance of a peak at 265 nm in the
difference UV-vis spectra (Figure 3), which is consistent with S!Cu charge transfer transitions.
This band was not observable when copper was added into MutC (Figure 3). The copper-bound
form of the protein is hereafter written CuCTR1_N.
8) According to the data how many copper ions bind to the wild type, MutA, MutB, and MutC
variants of CTR1_N? Justify. (0,25 point)
9) From the data how many mutations must be done to abolish the protein capability of
extracting Cu from [Cu(BCA)2]3-? (0,25 point)
10) What is the average contribution of the N-terminal domain of CTR1 to the coordination
sphere of each copper ion during copper uptake? Justify. (0,25 point)
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Fig. 1 (A) Diﬀerence UV-visible absorption spectra of hCTR1_N titrated with
[Cu1(CH3CN)4]+. Insets: plots of titration curves plotted at 265 nm, indicative of
three Cu+ ions binding per monomer of the protein. (B) UV-visible absorption spectra
of Cu, ascorbate and BCA, with the addition of 20 molar equivalents of hCTR1_N.
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Conditions: [Cu]=1.6 mM, 50 mM MES/Tris buffer, pH 8.5.

Fig. S5 UV-visible spectra of DEPC-WT, MutC and DEPC-MutC with the addition of 1 equiv [Cu1(CH3CN)4]+ in 50 mM MES/Tris
buffer at pH 8.5.

Figure 4. (A) UV_vis spectra of [Cu(CH3CN)4](PF6) (27 µM), ascorbate (0.8 mM) and BCA (84
µM), with the addition of CTR1_N variants. (B) Titration of CTR1_N variants into 27 µM
[Cu(CH3CN)4](PF6), 84 µM BCA and 0.8 mM ascorbate. Experiments were carried out in 20 mM
MES/Tris buffer, pH 8.0, at 25 oC.
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To determine the binding affinity of CTR1_N to copper, competition reactions between CTR1_N
(and its variants) and bicinchoninic acid (H2BCA, see formula on the left) were carried out. In
aqueous solution near pH 7 complexation of [Cu(CH3CN)4](PF6) to
H2BCA produces [Cu(BCA)2]3- with a maximum absorption at 562 nm
(Figure 4A). The associated constant of [Cu(BCA)2]3- is β2=2.0×1017 M-2
(log β2=17.30). Addition of CTR1_N to [Cu(BCA)2]3- led to a decrease
and disappearance of this band (Figure 4B).
In the following it is assumed that there are m binding sites for Cu on
CTR1_N, and that all m binding sites are independent and equivalent. The different bonding
equilibria are written as follows (P represent any of the CTR1_N protein variants):
[Cu(BCA)2]3- + P ! (CuP) + 2 BCA (constant K1)
[Cu(BCA)2]3- + (CuP) ! (Cu2P) + 2 BCA (constant K2)
[Cu(BCA)2]3- + (Cui-1P) ! (CuiP) + 2 BCA (constant Ki, 1<i<m)
Cu+ +2 BCA2- ! [Cu(BCA)2]3- (constant β2)
11) Express the thermodynamic constant of copper binding to CTR1_N, KCu, as a function of
K1 and β2. (0,25 point)
12) Let’s assume first that m=2. The fractional saturation Y is defined as the concentration of Cu
bound to the protein, divided by the total concentration of all forms of the protein. Express
Y first as a function [CuP], [Cu2P], and [P], and then as a function of the intrinsic binding
constant K=K1/2=2⋅K2 and X=[BCA]2/[Cu(BCA)2], where [P], [CuP], Cu2P], and
[Cu(BCA)2] are the concentration of P, CuP, Cu2P, and [Cu(BCA)2]3- at the equilibrium,
respectively. (0,5 point)
In general, for m equivalent sites, the equation found in question 13) can be written as
!
!∙!!

!
!

!

=!+

∙ 𝑋. For CTR1_N and its mutants the fitting of the UV-vis data is shown in Figure 4B. The

slopes of the plot of 1/Y versus X (not shown) gave log K1 = -2.38 ± 0.04, m= 2.81 (correlation
coefficient r=0.99) for WT, log K1 = -3.11 ± 0.05, m= 1.85 (correlation coefficient r=0.96) for
MutA and log K1 = -2.42 ± 0.05, m= 1.08 (correlation coefficient r=0.94) for MutB.
13) Are these results coherent with the answer to question 8? Explain. (0,25 point)
14) What are the copper binding constant KCu of WT, MutA and MutB? Express them as log
KCu. (0,25)
Two kinetic experiments were also performed. First, different concentrations of excess CTR1_N
were titrated into [Cu(BCA)2]3- complex solution, and the decreases in absorbance at 562 nm
indicated the displacement of Cu from BCA by CTR1_N and the corresponding kinetic profiles are
shown in Figure 5A. Alternatively, different concentrations of excess BCA were titrated into
CuCTR1_N solution which led to the gradual appearance of the absorbance at 562 nm due to Cu
release from the protein by BCA chelation. The plots of A562 as a function of time are shown in
Figure 5B. In both cases, the trace in the kinetic profiles was well fitted to an exponential:
𝐴!"# = 𝐴! ∙ 𝑒𝑥𝑝 −𝑘 ∙ 𝑡 for Figure 5A and 𝐴!"# = 𝐴! ∙ 1 − 𝑒𝑥𝑝 −𝑘 ∙ 𝑡 for Figure 5B. The
evolution of the rate constants k obtained from the fits and the concentrations of CTR1_N or BCA
is shown in Figure 5C (k = 0.015 ± 0.004 s-1).
15) Write the chemical equation of the reaction corresponding to Cu release from the protein by
BCA chelation. Define the rate r of this reaction. What is the total order of the reaction and
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that of CumCTR1 according to experimental data? Give the expression of r as a function of k
and concentrations. (0,5 point)
16) Calculate the half reaction time t1/2 of this reaction, defined as the time
necessary
forOnline
50% of
View
Article
the copper to be released from the protein. Is it short or long? Why is this question relevant
to a) the chemical analysis of the binding constants, and b) the biological function of the
ChemComm
protein? (0,25 point)

Figure 5. Kinetics of Cu exchange
between CTR1_N and BCA. (A) Dependence of absorbance at
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The hydrophilic C-terminal domain of CTR1, called CTR1c, is in contact with the cytosol and
features six cysteine residues, including two Cys-X-Cys motifs. Expression and isolation of the
soluble apo-CTR1c was possible when thiol reductants such as β-mercaptoethanol or DTT were
present throughout the isolation. Addition of CuSO4 to the growth medium after induction of
protein expression by E. Coli led to isolation of CTR1c protein containing copper, CuCTR1c. The
ESI mass spectrum of the apo-CTR1c and of the copper-bound samples are shown in Figure 6, left.
Figure 6, right shows the evolution of the UV-vis spectrum of a solution of apo-CTR1c upon
addition of [Cu(CH3CN)4](PF6) in presence of the reductant tris(2-carboxyethyl)phosphorane
(TCEP).
17) CTR1c binds Cu ions in the form of a Cun(µ-S-Cys)6 cluster. What is the value of n? Justify
by giving two analytical arguments. (0,25 point)
18) Is it possible to measure the binding constant based the UV-vis data shown on Figure 6
(right)? Justify. (0,25 point)
The Atx1 copper-binding chaperone binds one Cu(I) ion. When copper-loaded Atx1 is mixed with
CTR1c, an equilibrium is attained within 5 min of mixing. The presence of physiological
concentrations of the peptide thiol GSH (5 mM) does not affect the final equilibrium position,
despite a reported stability constant of β2 = 1039 M-2 for binding of Cu(I) by GSH.
19) Give two chemical reasons why free copper in cells is toxic. In your explanation distinguish
clearly Cu(I) from Cu(II). (0,25 point).
20) Give at least two roles of GSH in a cell. (0,25 point)
21) How do you interpret the role of Atx1 in the sentence “The presence of physiological
concentrations of the peptide thiol GSH (5 mM) does not affect the final equilibrium
position”? (0,25 point)
22) Genetic mutations of copper ATPases ATP7A or ATP7B lead to copper-related diseases.
Name these two diseases and explain the difference between them. (0,25 point)
23) Is it possible to increase copper uptake in patients deprived of a functioning ATP7A by oral
administration of copper salts such as copper chloride, copper sulfate, or copper EDTA?
Justify. (0,25 point)
Albumin binds copper with a very high affinity in human blood and inhibits the copper uptake into
the cells. The stability constant of Cu(II) to serum albumin at pH=7.4 is 1 pM. Ceruloplasminbound copper is a bioavailable form of copper, but ceruloplasmin is rapidly degraded in the blood in
absence of copper (in 5 h, compared to 5 days for copper-bound ceruloplasmin), so that
ceruloplasmin levels are low in patients deprived of a functioning ATP7A.
24) The administration of copper salts (copper chloride, copper sulfate, copper EDTA or copper
albumin) by injection to patients suffering from copper deficiency has no clinical effect. Do
you see a reason why? (0,25 point)
25) For genetically ill patients deprived of a functioning ATP7A transporter, copper is provided
by injection of copper bis-histidine (see X-ray structure in Figure 7). This compound is
characterized by log β~18 Μ-2. Can copper histidine cross cell membranes? Justify. (0.25
point).
26) Why is the administration of copper-bis-histidine accompagnied with better clinical effects
than for example CuCl2? Give the two chemical properties that make of copper-bis-histidine
a bioavailable form of copper. (0,25 point)
27) Draw a clear scheme of copper uptake and transport in humans including enterocytes, blood
circulation, hepatocytes, and all proteins discussed in this exam. (0,5 point)
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7. X-ray crystal structure of physiological Cu(His)2 complex.
Fig. 13. X-ray crystal structure of physiological ML2 complex (12) [23].

Many copper derivatives are considered for drug development. The interaction of two of them,
[Cu(BCDS)2]3- and [Cu(NC)2]+ (see
-O S
SO 3
3
figure left; BCDS2-=bathocuproine
disulfonic
acid;
NC=neocuproine=1,10-dimethyl-2,9,phenanthroline), with the HIV-1
protease, was investigated. This
protease, which is encoded by the
N
N
N
N
human immunodeficiency virus-1
Cu
Cu
(HIV-1), is essential for processing
N N
N N
viral polyproteins required for the
infectious virus. The copper complex
represents a new approach to more
traditional HIV-1 protease inhibitors,
which usually are small peptides
-O S
SO 33
binding in the active site of the protein.
CuCl2 is an inhibitor as well provided
[Cu(BCDS) 2]3[Cu(NC) 2]+
that a chelating reducing agent such as
DTT or ascorbic acid be present. BCDS2- is a very strong chelator for Cu(I). A mutant of the HIV-1
protease, C67A, C95A, was also tested in which the cysteines were replaced with alanines. Cu(I)
alone is an inhibitor of the wild type protease with an IC50 of 1 µM, it has no effect on the mutant
enzyme lacking cysteines. The inhibition properties of [Cu(BCDS)2]3- and BCDS2- are shown in
Figure 8 (left).
28) What are possible advantage(s) of copper complexes vs. peptides as medicinal compounds?
(0,25 point)
29) Is/are the [Cu(BCDS)2]3- complex and/or the BCDS2- ligand an inhibitor of the protein?
Justify. (0,25 point)
30) Does the nature of the ligand (NC or BCDS4-) have an influence on the IC50 of the CuL2
complex? (0,25 point)
The NCI HIV assay evaluates the ability of compounds to protect cells from the cytotoxic effects of
HIV-1 during de novo infections. Results of the NCI HIV assay on CEM cells are shown in Figure
8 (right). In addition to these data, it was found that low micromolar concentration of the
neocuproine complex [Cu(NC)2]+ were toxic to CEM cells.
9/10
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31) Evaluate the EC50 (Effective Concentration) value of [Cu(BCDS)2]3- for inhibition of the
HIV-1 virus. Explain how you do. (0,25 point)
32) Which of the two compounds, [Cu(BCDS)2]3- or [Cu(NC)2]+, have the highest therapeutic
potential? Justify. (0,25 point)

Figure 8. Left: Concentration dependence of copper chelates for inhibition of the HIV-1 protease.
Effect of [Cu(BCDS)2]3- on the wild type (filled squares) or C67A, C95A protease (empty squares);
effect of BCDS on wild type protease (triangles); effect of [Cu(NC)2]+ on the wild type HIV-1
protease activity (circles). Control specific activity for the wild type and C67A, C95A mutant was
2.3 and 3.0 µmol/min/mg, respectively. Right: dose-response curve for [Cu(BCDS)2]3- in HIV-1
infected CEM cells. Antiviral activity is determined by the percent of protection from HIV-1
induced cytotoxicity (circles). Cytotoxicity by [Cu(BCDS)2]3- is assessed in uninfected cells using
the MTT assay for cell viability (square). The plotted values are the average of four determinations
from two separate experiments ± SD.

Part D: The PeerWise Question (0,25 bonus point)
17-β-testosterone is a hormone present in cow milk. It has an Acceptable Daily Intake of 320
ng/kg/day. In a certain carton of milk, 17-β-testosterone was measured to be 0.5 ppm. Given that
the density of milk is 1 g.mL-1, is it safe for a 100 kg individual to consume 250 mL per day of that
milk during his whole life?

End of the exam.
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1. A) they are positively charged and do not cross the lipophilic barrier of the membrane; B)
free copper ions are toxic and should never appear.
2. They are enzymes catalyzing the disproponation of superoxide ions. In the SOD1 Zn plays a
functional role and copper a catalytic role: by switching between Cu(I) and Cu(II) is absorbs
or gives an electron to O2·3. Biologically speaking the place where they are expressed is different: SOD1 is in the
cytosol, SOD2 is in the mitochondries, SOD3 is exported outside the cell. Chemically
speaking SOD1 and SOD3 are based on zinc and copper, SOD2 on manganese.
4. A) copper must be reduced to be taken up; B) the transporter is covered with sulfur-based
methionine residues, which offer soft ligand to coordinate to the metal; the softer form of
copper must thus bind to the protein; C) ag+ is monocationic and seem to bind to the
protein, whereas dicationic ions such as Zn2+ or Fe2+ do not. This, copper must be
transporter in a monocationic state.
5. Methionine and glutathione are two widely expressed, soft, thiol-based ligands that would
coordinate Cu(I) if it would be present in the cytosol.
6. Copper can accept one electron, calcium can’t. They also have very different ionic radii.
7. Because copper cannot be free at any point during transport. It should arrive in a bound
form, cross the membrane in a bound form, and be released in a bound form, to avoid
generating toxic radicals.
8. From the Cu/CTR1 ratio at saturation in Figure 3 the number of copper ion bound to WT,
MutA, MutB, and MutC, are 3, 2, 1, and 0, respectively.
9. 8 mutations are enough
10. WT, MutA, MutB, and MutC, have respectively 9, 6, 4, and 1 methionine residues (first Nterminus M does not count), which is around 3 methionine to coordinate each copper (on
average).
!"#
11. Cu + P ! CuP, 𝐾!" = !" ! = 𝐾! ∙ 𝛽!
[𝐵𝐶𝐴]!

[!]×!

! [!]×!

!
!
!
[𝐶𝑢𝐵𝐶𝐴! ] so 𝐶𝑢𝑃 = ! and 𝐶𝑢! 𝑃 = ! ! . Thus as the text was
!"# !𝟐×[!"! !]
giving K=K1/2=2⋅K2 Y could be defined and calculated as follows: 𝑌 = ! ! !"# !𝟏×[!"
=
!]

12. 𝑋 =

!! [!] !!! !! [!]
!
×
!
!
!
!! [!] !! !! [!]
!!
! ×
!
!
!

!! !×!!×!/!
!
!
!!
!! !!×!/!
!! !
!
!!

=

=

!! !!!
! !
!
!
!! !!
!! ! !
! !

!

=

!!
!

!
!!
!
! !
!!
!

!!

= !!!. Please note the factor 2 (in red)

before [Cu2P] in the definition of Y, as there are 2 copper ions per molecule of Cu2P. For
the same reason in the denominator the factor is one because there is only one protein per
molecule of Cu2P.
13. yes, as m=2,81, 1,85, and 1,08 fit with the 3, 2, 1 given in question 8.
14. log 𝐾!" = log 𝐾! + log  (𝛽! ) thus log KWT=14.92, log KMutA=14.19 and log KMutB =
14.88
15. CumCTR1 + 2 BCA2- ! [Cu(BCA)2]3- + Cum-1CTR1. The rate is given by
! !"! !"#!
𝑟=−
= 𝑘 𝐶𝑢! 𝐶𝑇𝑅1 . The total order of the reaction is one, as well as the order
!"
of the reaction in CumCTR1 as k does not depend on [BCA] or [CumCTR1]
!" !
16. 𝑡! = ! = 46 s. This time is rather short, which is important both for the experimentalist
!
to perform a titration (reaction should not take more than a few minutes), and for the cell as
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Cu is transported and must not be kinetically trapped inside the protein and move fast
enough to other ligands (BCA is only a model of course).
17. n=4 according to mass: 14272-14018=254 and 254/63~4 (63 is MW of copper), and
according to UV-vis: the sloep of A265 changes at [Cu]/[CTR1c]=4.
18. No, as the binding constant is too large and the amount of free copper cannot be calculated.
One needs to do a competition experiment with a ligand having a known binding constant,
like was done for CTR1_N.
19. First, copper is one of the best metals for coordination to apo-metalloproteins, as it is above
the Irving-Williams series. Second, it generates radicals according to the Fenton process:
Cu(I) + 2 H+ + O2·- ! Cu(II) + OH- + OH·
20. To protect the cytosol against oxidative damage; to bind to unwanted heavy metal ions and
be excreted, ie, to detoxify the cell.
21. Atx1 protects the copper center from being bound to GSH and excreted. The protein must
serve as a steric protection against binding.
22. Wilson’s disease and Menkes’ disease when resp. ATP7B and ATP7A transporters are
malfunctioning. This leads to copper accumulation and deficiency, respectively. In Wilson’s
copper export in the bile is impaired, this leading to copper accumulation in liver. In
Menkes’ copper export from enterocytes is impaired, thus leading to low copper uptake and
malfunctioning copper-enzyme.
23. No: if ATP7A is malfunctioning increasing the amount of copper in diet will not recover
copper levels in the blood, as uptake will still be non functioning. Be careful: the question
was about oral administration.
24. By injection now, there is no problem of copper export by ATP7A, as copper is in the blood.
It will be chelated by albumin though, which according to the text cannot be taken up by
cells. Ceruloplasmin could, but its levels are low, which will not help much for uptake. The
treatment has no effect thus.
25. Histidine is deprotonated, there a two of them per copper(II) center, so the charge of the
complex is 0. As a neutral compound it may cross the membrane by itself.
26. Because the binding strength of Cu(His)2 is very large. Albumin will thus not take copper
from the histidine adduct, and as Cu(His)2 can cross membranes it will increase copper
uptake by cells. With other salts albumin will coordinate strongly and prevent uptake. It is
thus the hight stability of Cu(His)2 combined to its relative lipophilicity that makes it a
bioavailable form of copper.
27. Scheme
28. Peptides can be degraded by proteases, whereas copper will remain copper.
29. Triangles stay on top, so BCDS2- is not an inhibitor. Both [Cu(BCDS)2]3- and [Cu(NC)2]+
are inhibitors, as the enzyme activity goes down in a dose-dependent fashion.
30. No: based on the data available the concentration at which half of the effect compared to the
maximum effect is reached, are the same for both complexes. It is the maximum inhibition
that changes, but not the IC50.
31. Usually (in anticancer research) the compound must kill cancer cells, EC50 is obtained
when cell viability is decreased by half. Now it is a virus inhibitor, co cells viability should
increase when there is more compound to protect the cells. Based on the graph the EC50 is
around ~2E-5 M.
32. The NC compound is toxic to healthy cells, so it has no therapeutic potential. The BCDS
compound is poorly toxic to healthy (non-infected) cells (figure 8 right), and it inhibits the
virus and protect the infected cell from dying, so it seems to be active against the infection.
The PeerWise question:
0,5 ppm compound is 0,5 µg compound per gram milk, or 0,5 mg compound per kilo milk.
Drinking 250 mL milk per day give thus 250 g milk, thus 125 µg compound. For a 100 kg person
the dose is 1,25 µg/kg/day, which is ~4 times the ADI, thus considered as not safe.
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