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abstract:
Syphilis is a common sexual disease that is transported 
by body fluid and caused by a spirochete bacterium 
Treponema pallidum. With the development of antibiotics 
that are applied to treating syphilis, the number of patients 
suffering from syphilis has decreased rapidly since 1943, 
when penicillin antibiotics were started to be introduced 
as clinical pharmaceuticals to treat syphilis. However, 
in recent years, the number of patients of syphilis has 
increased again, 95% of the patients are infected by sexual 
intercourse. The World Health Organization (WHO) 
reported that in 2022, nearly 8 million adults who are 
between 15 and 49 years old acquired syphilis. Because 
most infections are asymptomatic and unrecognizable 
during the long incubation period, many people are 
unconscious of syphilis infection, and they do thus not go 
to hospitals to check whether they are infected. Penicillin 
G is a traditional and commonly used antibiotic to treat 
syphilis by inhibition of production of the complete 
peptidoglycan cell wall, T.pallidum cells thus burst and 
die due to osmotic pressure in a hypotonic environment. 
But penicillin G has been approved for nearly one hundred 
years to treat syphilis and other diseases bacteria, including 
T.pallidum has developed the antibiotic-resistance to 
penicillin G by producing β-lactamase to inactivate 
penicillin G by opening its β-lactam ring irreversibly. 
As a result, it is quite urgent and necessary to introduce 
a new antibiotic to confront syphilis. In 2021, scientific 
experiments revealed that linezolid, which has been used 
to treat other Gram-positive bacterial infections for a long 
time, has impressive effects on treatment for syphilis, 
indicating that this artificially developed antibiotic could 
be used clinically to control syphilis by blocking bacterial 
protein synthesis. In this paper, the symptoms of syphilis 
and the treatment for syphilis, including penicillin G and 
linezolid, will be briefly introduced.
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1 Introduction
Syphilis, which can be transmitted sexually through le-
sions and is inheritable by Treponema pallidum, which is 
a Gram-negative bacterium, is a chronic infection that is 
divided into several stages. The earliest record of syph-
ilis is in the early 16th century in Europe [1]. The long-
time development of pharmaceuticals to treat syphilis 
demonstrates that penicillin G is the major and ubiquitous 
antibiotic [2]. As syphilis is still spreading currently, and 
the rate of spread of syphilis has been increasing in re-
cent years in the world due to sexual intercourse after the 
abuse of drugs. Syphilis has now become a global health 
issue. It is necessary and urgent to find or develop a new 
antibiotic to confront syphilis when penicillin G fails to 
kill T.pallidum as T.pallidum has demonstrated its penicil-
lin-resistance to penicillin G[3,4,5].
Venereal syphilis could be sexually transported by spiro-
chete T.pallidum subsp. pallidum. Bacteria from Trepone-
ma genus are barrel-shaped and motile. Treponema pall-
idum cannot survive outside of the human body for a long 
time; it could enter the human body through the skin or 

mucous membranes by lesions, arrive at the lymph nodes 
within several hours, and then spread rapidly through-
out the body[5,6]. T.pallidum has a cell wall with a thin 
layer of peptidoglycan; this feature helps T.pallidum to 
penetrate the tissues of the hosts by lowering the volume 
of T.pallidum. The spiral structure of T.pallidum will be 
damaged if the thick cell walls exist[7,8,9,10,11,12]. The 
other features of the biological structure of T.pallidum are 
the paucity of lipopolysaccharides on the outer membrane 
and the lower density of outer membrane-spanning pro-
tein molecules than that of other Gram-negative bacteria. 
These features indicate that although T.pallidum is clas-
sified into Gram-negative bacteria, its features do not en-
tirely accord with the common features of Gram-negative 
bacteria. The lack of pathogen-associated outer membrane 
proteins enables T.pallidum to get the capacity of immune 
invasion; T.pallidum is therefore described as a “stealth 
pathogen”[9]. The time period for every turn of reproduc-
tion of T.pallidum is 30 to 33 hours[1,13,14,15,16,17]. 
The simple version of the structure of T.pallidum is shown 
in Figure 1.

Fig.1 The schematic illustration of the cross section of T.pallidum[18].
The symptoms of syphilis are noticeable and easy to be 
observed. Syphilis is a multi-stage disease. In the pri-
mary stage after several weeks of incubation period, 
the red papulae develop into genital chancres that are 
present around or on the genitals, lips or mouth as T.pal-
lidum adhere to the mucopolysaccharides that are used 
to combine cells together and breaks down the muco-
polysaccharides. The MOSPN and MOSPC domains on 
the cell membrane surface of T.pallidum engage in this 

process[7,8,12]. In this regard, chancres are usually the 
painless ulcers with hard surface. The fluid composed of 
T. pallidum will be released when chancres are damaged. 
The nearby lymph nodes will be larger and no longer ten-
der[6,13,14,19,20,21]. During the secondary stage, when 
is nearly six weeks after the presences of hard chancres, 
the T.pallidum spirochetes are spread through the whole 
human body by the blood flow, the widespread mucocu-
taneous lesions are being produced everywhere[22,23]. 
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Lymph nodes become swollen. These symptoms will per-
sist for several months, then all chancres will be healed 
without scars. Due to the superficial recovery, many pa-
tients will consider that their syphilis is totally overcome, 
they may thus stop getting treated. Actually, syphilis is 
still existing and exacerbating as the reproduction of 
T.pallidum is continuing. The tertiary stage is usually ad-
dressed as the late syphilis, it is always present in decades 
after the secondary stage. This interval is the incubation 
period, which is also called as the latent syphilis. In this 
period, the patients often have no symptoms. The tertiary 
syphilis is the most dangerous and fatal stage. This stage 
could be classified into different groups in accordance 
with different symptoms. Gummatous syphilis, which is 
the most common tertiary syphilis, usually develops on 
skins, organs and even bones to form gummas, that are 
large and soft lesions like holes. The gummas will contin-
ue developing on the organs and bones, causing external 
organs such as nose or eyes to drop off from the body. 
Gumma syphilis usually develop with nearly ten years af-
ter the infection. Cardiovascular syphilis usually incubates 
for nearly twenty years after the infection and demon-
strates aneurysmal dilation of aorta and narrows the coro-
nary arteries, number of functional aortic valves therefor 
decreases. As the result, cough and hoarseness will be 
caused when pulsations of the enlarged aorta compresses 
adjacent organs in the chest. The other main tertiary syph-
ilis is neurosyphilis, that includes meningitis or Argyll 
Robertson pupils. Argyll Robertson pupils do not respond 
to light[5,6,15,24,25].
In order to treat syphilis, scientists and doctors firstly 
introduce penicillin G, also called as benzylpenicil-
lin[2,13,15]. Penicillin G is the major antibiotic used to 
confront with T.pallidum, it is bacterially produced by 
Penicillium chrysogenum and found by Alexander Flem-
ing (1881-1955) in 1928[26,27,28,29]. The other new 
choice is linezolid. This antibiotic is produced artificially 
and used to treat Gram-positive infections, such as the 
infections caused by Staphylococcus aureus or Strepto-
coccus pneumoniae[30]. In 2021, the scientists had done 
some relative experiments to explore the effects of some 
antibiotics on syphilis, the result shows that the ability 
of linezolid to kill or inhibit the growth of T.pallidum is 
much better than that of moxifloxacin and clofazimine, 
indicating that linezolid could also be used to treat syphi-
lis[3].

Fig.2 Skeletal structure of penicillin G[26,31].

2 Penicillin g (Benzylpenicillin)
Penicillin G is a β-lactam antibiotic as the nitrogen atom 
in the lactam ring is connected to the β-carbon atom. To 
explain the position of the lactam nitrogen atom, the car-
bon atom connected to the carbonyl carbon in lactam is 
the α-carbon, the next carbon atom that is attached to the 
α-carbon is called β-carbon. Penicillin G has a thiazolidine 
ring that is attached to the β-lactam ring. To distinguish 
penicillin G from other penicillin antibiotics, the R group 
connected to carbonyl carbon on side chain of penicillin 
G by a CH2 group is a phenyl group, penicillin G has thus 
another name, benzylpenicillin. The Figures 2 above and 
3 below have shown the skeletal chemical structure of 
penicillin G[26,32,33,34].

Fig.3 general structure of penicillins[33].
The fungus Penicillium chrysogenum could produce pen-
icillin G within its cell[28]. In 1928, Alexander Fleming 
had found the presence of penicillin when he noticed 
that the growth of bacterium Staphylococcus aureus in a 
Petri dish was inhibited by the green fungus Penicillium 
notatum. This phenomenon indicates that the fungus is 
producing a specific substance as the surrounding culture 
of S.aureus could not grow normally. Alexander Fleming 
therefor named this substance penicillin and did some in-
depth experiments using penicillin, the experimental re-
sults all infer the anti-microbial effect of penicillin against 
a wide range of bacteria including Treponema pallidum, 
Bacillus anthracis. Penicillin G is mainly used to kill 
Gram-positive bacteria that have thick cell walls made of 
peptidoglycan. Peptidoglycan is connected by transpepti-
dase that is the target of penicillin G and even all penicil-
lins[28,35,36,37].
Cell wall that protects bacterial cells from osmotic lysis 
is a common feature among bacterial organisms. The 
main substance constituting bacterial cell walls is pepti-
doglycan, it strengthens bacterial envelopes and provides 
bacteria rigidity of their structures. Peptidoglycan is an 
alternating copolymer with linear shape. To describe the 
details of peptidoglycan, N-acetylglucosamine (GlcNAc) 
and N-acetylmuramic acid (MurNAc) are two major 
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components of peptidoglycan, they are responsible for 
forming oligosaccharides through being linked by β (1 to 
4) glycosidic bonds, and cross-linked by short lengths of 
peptides attached to the N-acetylmuramic acid molecules 
in the peptide chains. Those short peptides chains are 
often composed by both non-proteinogenic amino acids 
with L-configuration structures and proteinogenic amino 
acids with D-configuration structures[33,38]. During the 
reproduction of bacteria, the work of connecting oligosac-
charides with peptides is done by DD-transpeptidase[35]. 
The mechanisms of reactions are shown in the Figures 4 
and 5.
In June of 1943, the scientists J.F. Mahoney, R.C. Arnold 
and A. Harris started to use penicillin for the treatment for 
syphilis for the first time. The good initial results of treat-
ment of four patients indicate that penicillin is an effective 
and non-toxic treatment[18]. Because the effectiveness 
of penicillin derives from the inhibition of synthesis of 
cross-linkages in peptidoglycan that constitutes bacte-
rial cell walls, and human body cells are not adversely 
attacked by penicillin antibiotics as they are without cell 
walls[33,36].
Because bio-availability of penicillin G is limited for oral 
pharmaceuticals, penicillin G is generally taken as an 
injection into veins in the forms of sodium, potassium, 
procaine or benzathine forms[39,40]. If penicillin G is 
injected into muscles, penicillin G should be maintained 
in the two long-acting forms of procaine or benzathine 
salts[41]. To elaborate the principals of treatment, a trepo-
nemacidal level of penicillin G of 0.03 U. per milliliter is 
supposed to be maintained in the blood of the patient who 
is suffering from syphilis for an adequate time period. The 
treponomacial time period of penicillin G should continue 
for 7 to 10 days, the suppression of divisions of T.pallidum 
could thus be effective. The dosage of penicillin G used 
to cure syphilis should be increased with the number of 
T.pallidum existing[18].
In the clinical treatment of syphilis, penicillin G is al-
ways the major option to kill T.pallidum. Even though 
T.pallidum is a Gram-negative bacterium, its thin layer of 

outer membrane and lack of lipopolysaccharides enable 
penicillin G to inhibit the synthesis of cell wall during 
the reproduction of T.pallidum[7,37]. Penicillin G blocks 
formation of the peptide cross-linkages in peptidoglycan 
structures. The structure of penicillin G resembles the 
some parts of peptidoglycan cell wall[35]. Penicillin G 
combines with DD-transpeptidase by entering its active 
site during the reproduction of T.pallidum. The proton on 
the hydroxyl group of the serine hydroxyl group attacks 
the carbonyl carbon atom in β-lactam ring of penicillin G. 
The lactam ring is therefor unraveled when the covalent 
bond between the carbonyl carbon atom and the nitrogen 
atom is broken down, and the carbonyl carbon is con-
nected with the DD-tranpeptidase. A stable and inactive 
penicilloyl-enzyme derivative complex that inactivates the 
DD-transpeptidase is formed[33]. The DD-transpeptidase 
is therefore inactivated by penicillin G through mecha-
nism-based inhibition, the shape of active site is changed 
irreversibly. As the result, the further formation of cross-
links between polysaccharides is thus blocked[35,36,37].
Due to the lack of transpeptidation, the cell walls are not 
cross-linked as peptidoglycan is not formed, which means 
that cell wall synthesis does not occur because cross-wo-
ven peptide chains have been blocked by penicillin G[28]. 
The cell walls of T.pallidum are weakened and even dis-
appear. As the result, a T.pallidum cell is liable to be killed 
by movement of water by osmosis from higher water po-
tential to lower water potential. The T.pallidum cell mem-
brane bursts in a hypotonic environment when the water 
pressure inside the cell increases[33,35,36].
Widespread utilization of penicillin antibiotics plays a role 
as a natural selection pressure to sift out of the bacteria 
which are antibiotic-resistant to penicillin, which means 
that, the evolution of bacteria for antibiotic-resistance has 
taken place. To confront the antibiotics, the mechanism 
of enzymatic hydrolysis to inactivate antibiotics is com-
monly imposed. In this regard, β-lactamase catalyzes the 
inactivation of penicillin G, providing T.pallidum with 
a chance to escape from being destroyed by penicillin 
G[33,34].
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Fig.4 The chemical reactions of penicillin antibiotics in bacterial cells. The pathway (a) 
demonstrates the mechanism of penicillin to inactivate DD-transpeptidase, the pathway (b) 

demonstrates the mechanism of β-lactamase to inactivate penicillin antibiotics[33].

Fig.5 The mechanism of penicillin g to inhibit the formation of cross-linkages of peptides 
between polysaccharide chains of peptidoglycan[35].

The β-lactamase forms a temporary covalent complex 
with the carboxyl group of the β-lactam ring that has al-
ready been opened, this process is similar to the reaction 
between the β-lactam ring of penicillin G and hydroxyl 
group on serine of DD-transpeptidase. However, the en-
zyme-substrate complex is immediately hydrolyzed by 
water, the covalent bond between the carbonyl carbon 
atom of the β-lactam ring and the hydroxyl oxygen atom 
on serine of β-lactamase is broken down. An active β-lac-
tamase is regenerated, leaving an inactive penicillin G 
molecule with an opened β-lactam ring[33,34].
To circumvent this antibiotic resistance to penicillin G, 
other penicillin analogs, such as methicillin, are theoreti-
cally supposed to be applied because methicillin is a poor 
substrate for β-lactamases[33]. Other methods are to ad-
minister the antibiotics which cannot be limited by β-lact-
amases, such as linezolid, it will further be discussed.

In order to synthesize penicillin G, Penicillium chrysoge-
num is required to produce penicillin G enzymatically in 
vivo. The biosynthetic pathway of penicillin G is carried 
out by the combination of some intermediates that are 
enzymatically synthesized, such as L-cysteine, L-valine 
and α-aminoadipate. In 2019, R. Nawfa, A.S. Purnomo, 
H.S. Putro had calls[28]. The results indicate that, the an-
tibiotic production time period of penicillin G is 6 days, 
using diffusion method. On the sixth day, the treatment of 
P.chrysogenum cell membrane permeability to increase 
the membrane permeability in order to increase the antibi-
otic concentration should be imposed by using the mixture 
of ethanol and toluene at the ratio of 1:4. Under the opti-
mum experimental conditions, the final result of enzymat-
ic formation of penicillin G is at 130.60 mg/L[28].
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3 Linezolid
Linezolid is an antibiotic that belongs to the class of oxaz-
olidinone[25]. Interestingly, linezolid is  the first approved 
and commercially available member of oxazolidinone 
antibiotics, its brand name is Zyvox[30,42,43]. The sym-
bol structure of oxazolidinone is its 2-oxazolidinone ring 
which is a 5-membered heterocyclic ring containing nitro-
gen atom and oxygen atom[44,45]. The Figure 6 demon-
strates chemical structure of linezolid.

Fig.6 Skeletal structure of linezolid[45].
Oxazolidinones are mainly used as antibiotics. They 
were firstly introduced in 1978 due to their outstanding 
effectiveness in controlling plant diseases. In 1984, their 
anti-bacterial properties were documented, as the result, 
oxazolidinones began to be used as antibiotics. In 1996, 
linezolid as an improved oxazolidinone was firstly pro-
duced by Pharmacia, and it was approved by the US Food 
and Drug Administration (FDA) in 2000[30,34,35].
Linezolid is usually applied to treating Gram-positive 
infections, such as pneumonia caused by Staphylococcus 
aureus or Streptococcus pneumoniae, skin and soft tissue 
infections (SSSIs) caused by Streptococcus pyogenes[30].
In 2021, some scientists had done an experiment using 
linezolid, clofazimine and moxifloxacin to test their effects 
on treatment for syphilis by comparing their impacts on 
growth of T.pallidum. The experimental results show that 
the effect of linezolid on inhibition of growth of T.pallidum 
is the most obviously outstanding among the antibiotics 
used, indicating the potential ability against T.pallidum 
of linezolid. This research also promote the utilization of 
linezolid in the clinical treatment for syphilis[3]. This re-
search presented that the minimum inhibitory concentra-
tion (MIC) of linezolid for T.pallidum cells is 0.5 μg/mL, 
the time taken for healing of lesions by linezolid is similar 
to that by penicillin G. After 3 days of treatment for syph-
ilis by linezolid in vivo, dark-field microscopy and qPCR 
assessments showed absence of T.pallidum cells in the 
lesions[3].
Linezolid is able to inhibit the synthesis of bacterial pro-

tein through binding to tRNA molecules that are responsi-
ble for translation of mRNA into peptide chains. Linezolid 
can also inhibit the formation of initiation complex during 
genetic transcription, the mRNA generated is thus shorter. 
This step could reduce the length of peptide chain, de-
creasing the rate of translation elongation[30]. In T.pallidum 
cells, linezolid works as a protein synthesis inhibitor, tar-
geting the step of translation that involves the binding of 
N-formylmethionyl-tRNA to the ribosome. The analysis 
of linezolid by high-resolution microscopy revealed that 
linezolid will bind to the deep cleft of the 50S ribosomal 
subunit which is surrounded by 23S rRNA nucleotide 
molecules[3,30]. As the result, production of N-formylme-
thionine molecule is blocked, this amino acid is essential 
to bacterial protein synthesis because N-formylmethionine 
initiates all bacterial proteins and even the mitochondrial 
proteins in mammalian cells, which means that N-formyl-
methionine corresponds to the starting codon of bacterial 
protein synthesis[35]. Due to the lack of protein synthesis, 
T.pallidum cells malfunction when reproduction and other 
cellular functions are carried out. Besides, bacterial pro-
teins with abnormal structures are unable to perform their 
biological functions properly, which will affect the surviv-
al and reproduction of T.pallidum cells[3,30,46].
This resistance of T.pallidum to linezolid derives from 
the mutation taking place in the 23S rRNA gene. Besides, 
genetic mutations in ribosomal proteins uL3 and uL4 are 
also associated with the resistance to linezolid[3,30]. In 
this regard, linezolid is no longer able to connect with the 
50S ribosomal subunit because the rRNA molecules could 
not bind to linezolid[30].
To artificially synthesize linezolid, the most efficient 
method requires 7 steps[47,48], which is circumstantially 
demonstrated in the Figure 7. In the first region, 1,2-diflu-
oro-4-nitrobenzene and morpholine are required to prepare 
aniline by the nucleophilic aromatic substitution (SNAR) 
reaction, followed by hydrogenation under palladium 
catalyst. In the second stream, (+)-epichlorohydrin whose 
ring is opened by Lewis acid is reacted with acetonitrile 
to start the epoxide synthesis. The aniline and epoxide in-
termediates are then composed to form the amino alcohol 
intermediate which is sensitive to oxidation. By adding 
the oxidant catalysts, the amino alcohol intermediate will 
rapidly form the product, linezolid. The entire process re-
quires only 1 hour to produce 1g of linezolid in 73% yield 
rate, the average yield rate in every step is 95%[47,48,49].
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Fig.7 The 7 steps required to synthesize linezolid[48].

4 conclusion
Syphilis is a chronic and multi-stage disease caused by 
T.pallidum, which is a particular Gram-negative bacterium 
that can be killed by penicillin G and linezolid (Zyvox). 
In the treatment for syphilis, penicillin G works as an 
inhibitor of synthesis of bacterial cell wall, binding with 
DD-transpeptidase to block the production of peptide 
chains that form the whole peptidoglycan structure, then 
T.pallidum cells are killed by osmotic pressure under 
hypotonic conditions. The artificial developed antibiotic 
linezolid performs the characteristic as a bacterial protein 
synthesis inhibitor, connecting with the 50S ribosomal 
subunit to block or disfavour the bacterial protein produc-
tion when N-formylmethionine is not added, the survival 
and reproduction of T.pallidum are affected and malfunc-
tion, as the result, T.pallidum cells die as they could not 
perform their biological functions appropriately.
This paper has concluded two types of antibiotics, penicil-
lin G and linezolid, and their properties of killing T.pall-
idum and treat syphilis. The methods to produce those two 
antibiotics are also interpreted. However, due to the lack 
of clinical statistics of treatment for syphilis by linezolid 
and the detailed date of number of patients who suffered 
from syphilis and were healed by penicillin G, this paper 
does not present sufficient data as the evidence to support 
that penicillin G and linezolid are useful antibiotics and 
major choices to treat syphilis, especially linezolid, it 
lacks enough time to perform clinically. Because of the 
developing antibiotic-resistance of T.pallidum to peni-
cillin G and linezolid, the potential substitute should be 
developed as the secondary option when penicillin G and 

linezolid cannot totally perform their functions. Besides, 
due to the lack of proper technology, the pictures about 
the structure of T.pallidum cells, the structures of antibiot-
ics and their reactions are all from other essays, books and 
professional websites. Thanks for their contributions.
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