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          Polysaccharides include the following physiologically important carbohydrates. 

Starch is formed of an -glucosidic chain. Such a compound, yielding only glucose on 
hydrolysis, is a ( ) called a glucosan or glucan. It is the most important food source of 
carbohydrate and is found in cereals, potatoes, legumes, and other vegetables. The two chief 
constituents are ( ) (15�20%), which has a nonbranching helical structure, and (  (80�
85%), which consists of branched chains composed of 24�30 glucose residues united by 1  4 
linkages in the chains and by 1  6 linkages at the branch points. 

Glycogen is the storage polysaccharide of the (  body. It is often called (
starch. It is a more highly branched structure than (  and has chains of 12�14 

-D-glucopyranose residues (in [1  4]-glucosidic linkage) with branching by means of (1 
6)-glucosidic bonds. 

Cellulose is the chief constituent of the framework of . It is insoluble and 

consists of -D-glucopyranose units linked by (1  4) bonds to form long, straight chains 
strengthened by cross-linked hydrogen bonds. Cellulose cannot be digested by many , 
including humans, because of the absence of a  that attacks the  linkage. Thus, it is an 
important source of �bulk� in the diet. In the gut of ruminants and other , there are 

that can attack the  linkage, making cellulose available as a major calorigenic source. This process 
can also take place to a limited extent in the human colon. 

Chitin is an important structural polysaccharide of . It is found, for example, in 
the exoskeletons of crustaceans and insects. Structurally, chitin consists of N-acetyl-D-glucosamine 

units joined by (1  4)-glycosidic linkages. 
Glycosaminoglycans (mucopolysaccharides) consist of chains of complex carbohydrates 

characterized by their content of amino sugars and uronic acids. When these chains are attached to a 
protein molecule, the compound is known as a proteoglycan. As the ground or packing substance, 
they are associated with the structural elements of the tissues such as bone, elastin, and collagen. 

(1)Their property of holding large quantities of water and occupying space, thus cushioning or 
lubricating other structures, is assisted by the large number of �OH groups and negative charges on the 
molecules, which, by repulsion, keep the carbohydrate chains apart. 

Harper�s Biochemistry, 25th edition
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(A) lactose (B) amylose  (C) homopolymer  (D) heteropolymer 
(E) amylopectin (F) microorganisms  (G) plants  (H) animal 
( I ) mammals ( J ) herbivores  (K) invertebrates  (L) hydrolase 
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Anti-vaccination campaigns and misinformation are a pernicious threat to 
public health. Outbreaks of measles � a serious disease that vaccination should have 
nearly eliminated � are rising around the world, for example. In this climate, it�s 
heartening to see any effort to combat misinformation about vaccine safety. Over the 
past few months, tech giants such as Facebook, YouTube, Pinterest and Instagram have 
announced that they are taking at least small steps to reduce the spread of such 
content on their platforms. 

But some scientists who publicly call out �anti-vaxxers� are still under 
pressure. One of them is Japanese physician and writer Riko Muranaka, who now lives 
in Germany and lectures part-time at the Kyoto University School of Medicine in Japan. 
Muranaka has written extensively about the safety of a vaccine against the human 
papillomavirus (HPV), a major cause of cervical and other cancers � despite 
experiencing attacks on her integrity, and even threats of violence. 

On 26 March, a court in Tokyo ruled that Muranaka had defamed a medical scientist 
who claimed that the HPV vaccine could cause brain damage. Although the case against 
Muranaka was confined to a single charge of libel and did not address the underlying science, 
the repercussions of the ruling are cause for concern. 

The World Health Organization recommends that teenaged girls be vaccinated 
against HPV (some countries extend this to boys). The Japanese government endorsed this 
recommendation in April 2013, but only two months later � after unconfirmed media reports of 
adverse reactions � it suspended all active promotion of the vaccine. It investigated the reports 
and, in 2014, announced them to be unsubstantiated. Still, it did not lift the suspension, with 
devastating effects: although overall vaccination rates are not publicly available in Japan, a 
study in Sapporo showed that uptake fell from around 70% before the suspension to 0.6% after 
(S. J. B. Hanley et al. Lancet 385, 2571; 2015). The affair has also contributed to declines in 
HPV vaccination elsewhere in the world. 

Muranaka�s case centred on work by neurologist Shuichi Ikeda, who at the time was 
dean of medicine at Shinshu University in Matsumoto, Japan. In March 2016, Ikeda declared in 
a televised research presentation that the HPV vaccine had caused brain damage in mouse 
experiments. In June, Muranaka criticized the work in the Japanese-language business magazine 
Wedge, calling his presentation a fabrication.  

The university subsequently investigated Ikeda�s research and concluded that Ikeda 
did not commit scientific misconduct, but did overstate the conclusions of tentative results. 
Given this, the ministry wrote on its website that Ikeda�s research had �proved nothing� about 
whether the side effects were caused by the HPV vaccine, and that Ikeda bears responsibility for 
misleading the public with an inappropriate presentation. But Ikeda, who left the university after 
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the accusations and is now a physician in a general hospital, sued Muranaka for defamation. She 
lost, and she and Wedge were ordered to pay a fine of ¥3.3 million (US$29,700). Wedge was 
told to delete mention of data fabrication from the article, and to publish an apology. Muranaka 
says that she will appeal.  

Still, the wider damage is done. Misinformation about the vaccine has left thousands 
of people at unnecessarily high risk of cancer. Despite mounting evidence of the vaccine�s safety, 
the ministry is still debating whether to fully endorse it again. It should, as most countries do. 
And it should not let the ruling be wrongly used as fodder for anti-vaxxers.  

If there is a silver lining for those who support Muranaka, it is this: the 
investigation that led Ikeda�s university and the health ministry to censure him for 
misrepresenting his research was triggered by Muranaka�s remarks, and the issue has 
since won global attention. She may have lost a battle, but the bigger war against 
vaccine misinformation goes on.  

Nature 568, 5 (2019), 
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